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TO 

THE  FELLOWSHIP  OF  MEDICINE 


PREFACE 


The  primary  object  of  the  Fellowship  of  Medicine  1  being  to  promote 
a  closer  relationship  between  the  members  of  the  medical  profession 
throughout  the  English-speaking  world,  we  have  attempted  to  help  this 
endeavour  by  producing  a  book  which  will  serve  the  student  as  an  intro¬ 
duction  to  the  leading  teachers  of  tropical  medicine  throughout  the 
British  Empire,  in  the  United  States  of  America,  and  in  other  countries 
where  the  English  language  is  spoken. 

Our  authors  are  such  teachers  as  the  graduate  student  should  turn  to 
for  instruction  and,  as  far  as  possible,  each  has  written  on  the  disease  or 
subject  that  is  particularly  his  or  her  own  study.  As  a  result  we  believe 
that  we  have  compiled  a  book  which  will  be  an  authoritative  work  and 
which  will  familiarize  students  with  the  names,  work,  and  lines  of  thought 
of  many  of  the  leading  tropical  investigators.  In  this  way  we  hope  to 
induce  medical  men  seeking  post-graduate  instruction  to  visit  teaching 
centres  throughout  the  English-speaking  world  where  they  will  find 
instructors  for  whose  writings  they  have  already  acquired  respect. 

That  tropical  medicine  offers  a  particularly  favourable  field  for  the 
promotion  of  an  entente  such  as  we  are  endeavouring  to  bring  about, 
can  hardly  be  doubted,  for  the  medical  man  concerned  is  admittedly 
progressive  in  his  ideas,  broad  in  outlook,  and  has  acquired  the  habit 
of  wandering  far  from  his  home.  These  attributes,  we  believe,  will  make 
the  tropical  practitioner  ready  to  respond  to  the  offers  of  friendship  which 
are  to  be  found  by  him  wherever  tropical  medicine  forms  a  bond  of  union. 

Our  book  has  been  planned  to  include  articles  on  diseases  which  are 
not  peculiar  to  warm  countries,  but  which  present  aspects  of  importance  to 
practitioners  in  the  tropics.  We  have  also  included  chapters  on  nursing, 
diseases  of  women,  and  the  production  of  anti-variolous  vaccine,  believing 
that  these  subjects  will  appeal  to  workers  in  the  less  civilized  portions  of 
the  world.  In  no  sense  have  we  attempted  to  produce  an  encyclopaedia, 
and  some  of  the  information  to  be  found  in  other  books  on  tropical 
diseases  has  been  omitted  in  order  that  the  bulk  of  the  work  might  be 
reduced.  Our  endeavour  has  been  to  meet  the  needs  of  the  average 
medical  man  in  the  tropics,  and  we  have  attempted  to  ensure  that  no 
information  of  practical  value  has  been  left  out. 

When  two  or  more  authors  have  written  in  collaboration  and  have 
contributed  equally,  their  names  have  been  arranged  in  alphabetical 

1  Head-quarters  at  1  Wimpole  Street,  London,  W.  1  (by  kind  permission  of  The  Royal 
Society  of  Medicine). 
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order  at  the  head  of  their  writings.  When  certain  of  the  collaborators 
have  only  played  a  minor  part  in  the  preparation  of  the  chapter,  the 
name  of  the  author  who  is  responsible  for  the  chapter  as  a  whole  appears 
first  and  is  followed  by  the  names  of  those  who  have  assisted  him. 

Throughout  our  task  we  have  been  greatly  helped  by  all  our  contri¬ 
butors,  whose  enthusiasm  and  good  wishes  have  done  much  to  sustain 
us  during  the  three  years  devoted  to  the  preparation  of  this  book. 

To  Dr.  LI.  Lloyd  we  owe  an  especial  debt  of  gratitude  as  he  has 
planned  and  edited  the  Entomological  Section  which  appears  in  Volume  I. 

In  addition  we  wish  to  tender  our  sincere  thanks  to  Lt. -General 
Sir  Thomas  Goodwin,  Director  General,  Army  Medical  Services,  for  his 
kindly  support  ;  to  Major-General  Sir  William  Leishman  who  has  made 
many  valuable  suggestions  for  our  guidance  ;  to  Sir  Walter  Fletcher 
who  has  enabled  us  to  profit  by  the  facilities  of  the  Medical  Research 
Council  ;  to  Mr.  Henry  S.  Wellcome  who  has  placed  the  resources  of 
the  Wellcome  Bureau  of  Scientific  Research  at  our  disposal  and  provided 
us  with  many  instructive  illustrations  ;  to  Dr.  G.  A.  K.  Marshall,  Director 
of  the  Imperial  Bureau  of  Entomology,  who  has  done  all  in  his  power 
to  assist  us  ;  to  Mr.  T.  A.  Sprague,  of  the  Staff  of  the  Royal  Botanic 
Gardens,  Kew,  who  has  checked  the  botanical  nomenclature  in  Volume  I ; 
to  Captain  S.  Elliott,  Instructor  in  Chemistry  at  the  Royal  Army  Medical 
College ;  and  to  Mr.  H.  E.  Powell,  Librarian  of  the  Royal  Society  of 
Medicine. 

To  those  who  have  provided  us  with  illustrations  we  desire  to  express 
our  indebtedness,  and  we  would  particularly  thank  Dr.  John  Bell,  Dr.  A.  D. 
Bigland,  Mr.  F.  Butterworth,  Dr.  J.  I.  Enright,  Dr.  E.  W.  Goodall, 
Lt.-Col.  P.  S.  Lelean,  Dr.  J.  K.  Lund,  Miss  M.  Rhodes,  Dr.  L.  Sambon, 
Mr.  Engel  Terzi,  Miss  H.  A.  Wood,  and  many  of  our  authors. 

The  secretarial  work  involved  in  the  editing  of  these  volumes  has 
been  considerable,  and  we  wish  to  place  on  record  our  very  real  appre¬ 
ciation  of  the  loyal  and  untiring  assistance  which  we  have  received  from 

Mrs.  Kendall  and  Miss  Rayner  on  whose  shoulders  the  bulk  of  this  work 
has  fallen. 


9  Harley  Street, 
London,  W .  1 . 
1921. 


W.  BYAM. 

R.  G.  ARCHIBALD. 
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SUB-SECTION  A 

PERSONAL  HYGIENE 

CHAPTER  1 

EFFECTS  OF  TROPICAL  CLIMATES. 
PHYSIOLOGICAL.  PATHOLOGICAL.  THE  QUESTION  OF 

RACIAL  ACCLIMATIZATION 

Synopsis  :  Physiological  effects,  p.  2  ;  Pathological  effects,  p.  6 ;  Racial  acclimatiza¬ 
tion,  p.  7. 

In  the  tropics  questions  of  personal  hygiene  are  largely  determined 
by  climatic  conditions.  Hence  it  is  essential  to  consider  the  effects,  both 
physiological  and  pathological,  of  tropical  climates  on  the  European.  It  is 
by  no  means  easy  to  do  so  within  a  small  compass,  for  tropical  climates  vary 
greatly  in  their  effects  according  as  they  are  dry  or  moist.  These  are  also 
modified  by  local  conditions  such  as  altitude,  the  prevailing  winds,  electric 
states  of  the  atmosphere,  the  prevalence  of  dust  storms,  the  presence  or  absence 
of  large  rivers  and  lakes,  proximity  to  the  sea,  abundance  or  paucity  of  vegeta¬ 
tion.  In  any  such  consideration  it  is  also  necessary  to  distinguish  clearly 
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between  the  influence  of  climate  alone  and  its  influence  combined  with  that  of 
the  general  tropical  surroundings.  Much  that  has  been  attributed  in  the  past 
to  climatic  conditions  is  now  known  to  be  due  to  parasitism  of  various  kinds, 
to  unhygienic  surroundings  and  habits  of  life  and  to  altered  social  states. 
When  these  factors  have  been  eliminated  we  find  that  our  knowledge  as  regards 
the  effects  of  tropical  climates  alone  is  very  limited  and  inexact  in  many  par¬ 
ticulars. 

Strong  sunlight,  great  heat,  atmospheric  humidity  or  excessive  dryness  of 
the  air,  the  latter  often  associated  with  electric  disturbance,  and  an  equability 
of  temperature  are,  generally  speaking,  the  conditions  which  affect  the  health 
of  the  European  adversely  in  the  tropics.  Schilling  holds  that  the  equable 
temperature  only  does  so  because  it  is  almost  always  associated  with  a  high 
degree  of  atmospheric  humidity. 

Of  the  above-mentioned  factors  it  would  seem  that  it  is  not  so  much  the  sun 
which  works  the  mischief  as  the  humidity,  the  electrical  phenomena  and  possibly 
the  continued  equable  temperature,  but,  despite  a  good  deal  of  research  work 
along  certain  lines,  more  especially  in  the  Philippines,  it  must  be  confessed 
that  we  are  still  very  ignorant  about  the  subject,  though  theories  of  all  kinds 
are  not  lacking. 

PHYSIOLOGICAL  EFFECTS. 

As  regards  physiological  effects  upon  the  individual  our  knowledge  is 
doubtless  better  advanced,  but,  even  in  this  particular,  many  contradictory 
statements  occur  in  the  literature  and  further  investigation  is  required,  a  point 
specially  noted  in  a  recent  paper  entitled  ‘  Tropical  Australia  and  its  Settlement 
by  Breinl  and  Young  in  the  Annals  of  Tropical  Medicine  and  Parasitology. 
Vol.  XIII,  No.  4,  March  15,  1920.  Certain  observations,  however,  have  been 
made  as  regards  the  effect  of  tropical  climates  on  temperature,  skin  reaction, 
respiratory  exchange,  urinary  excretion  and  the  state  of  the  blood  which  are 
here  briefly  noted,  as  are  also  conclusions  of  a  more  general  type  with  regard  to 
the  results  produced  on  the  digestion,  the  circulation,  the  nervous  system,  the 
generative  organs,  and  on  growth. 

On  body  temperature.  Taking  first  of  all  the  body  temperature,  it  would 
seem  that  a  slight  rise  occurs  when  one  passes  from  a  temperate  to  a  tropical 
climate,  a  rise  rarely  exceeding  1-5°  F.  and  to  some  extent  dependent  on  the 
time  of  year  when  the  temperate  climate  is  left  and  the  tropic  zone  entered. 
After  arrival  in  the  tropics  the  body  temperature  of  the  newcomer  usually 
tends  to  remain  slightly  elevated,  but  it  has  been  definitely  shown  that  there 
is  no  increase  in  the  body  temperature  of  acclimatized  Europeans  while  they 
are  resting  or  taking  moderate  exercise.  If,  however,  the  latter  is  prolonged 
the  temperature  rises  as  shown  by  the  work  of  Young,  Breinl,  Harris,  and 
Osborne  in  North  Queensland.  Full  acclimatization  is  said  to  take  four  years  to 
accomplish,  but  the  adjustment  of  temperature  is  a  much  shorter  process.  It 
can,  however,  scarcely  be  doubted  that  a  certain  proportion  of  white  residents 
in  the  tropics  never  adapt  themselves  properly  to  the  altered  conditions.  They 
constitute  the  class  which  is  constantly  ailing  in  one  way  or  another  and  which 
is  really  unfitted  for  tropical  work. 

Considerable  or  severe  exercise  raises  the  body  temperature,  especially  if 

carried  out  under  unfavourable  conditions  of  diet  and  clothincr. 

© 

On  skin  reaction.  The  regulation  of  body  temperature  is  secured  by  eva¬ 
poration  of  water  from  the  surface  of  the  body  and  from  the  lungs.  The 
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observations  of  Aron  in  Manila  upon  naked  white  and  brown  skin  are  inter¬ 
esting  in  this  connexion.  He  exposed  the  naked  skin  to  the  sun’s  rays  and 
found  that  its  temperature  rose  quickly  to  about  97°  F.  Above  this,  with 
a  maximum  air  temperature  of  98-6°  F.,  the  skin  temperature  no  longer  rises. 
Instead,  more  or  less  coincidently  with  the  appearance  of  perspiration,  the 
temperature  falls,  and  the  greater  the  perspiration  the  greater  the  fall  of  tem¬ 
perature.  As  brown  skin  absorbs  more  heat  than  white  skin  the  point  where 
perspiration  shows  itself  is  reached  earlier  in  the  case  of  the  brown-skinned  man, 
showing  that  his  cutaneous  heat-regulating  apparatus  is  more  sensitive  than 
that  of  his  white-skinned  brother.  Aron  also  states  that  at  a  stage  when  the 
white  man  is  perspiring  profusely  there  is  only  a  fine  layer  of  very  small  sweat 
drops  on  the  brown  man’s  skin.  As  the  latter  cools  even  more  rapidly  than  the 
white  skin  it  is  obvious  that  the  determining  factor  is  the  invisible,  in  other 
words,  the  evaporated  sweat,  and  not  that  which  is  apparent  to  the  eye.  Persons 
who  do  not  perspire  or  who  have  a  defective  sudorific  system  are  unsuited  to 
residence  in  the  tropics. 

On  respiratory  exchange.  As  has  been  said,  the  cooling  process  is  also 
brought  about  by  the  evaporation  of  water  from  the  lungs.  These  are  also 
affected  by  the  determination  of  blood  to  the  body  surface.  The  place  of  the 
blood  thus  lost  is  taken  by  air,  and  that  is  why  the  lungs  weigh  less  in  hot  than 
in  cold  or  temperate  climates.  Their  capacity  is  therefore  increased,  but  the 
balance  is  kept  because  the  number  of  respirations  is  lessened.  In  the  tropics, 
the  air  which  is  inhaled  is  rarefied  by  heat  and  so  contains  less  oxygen  than 
cold  air.  The  respirations  being  reduced  in  number  and  less  oxygen  inspired, 
less  carbonic  acid  and  watery  vapour  are  given  off  by  the  lungs.  As  a  result 
there  is  a  tendency  to  the  retention  of  carbonaceous  matter  in  the  blood. 
Young  and  his  co-workers  showed  that  the  alveolar  air  at  rest  in  inhabitants  of 
tropical  Queensland  exhibited  a  lower  carbon  dioxide  content  than  the  European 
average. 

On  urinary  excretion.  The  excretion  of  urine  is  of  course  diminished,  the 
daily  output  in  the  tropics  being  about  500  to  700  c.cm.  as  against  1,500  in 
temperate  regions.  This  urine  is  concentrated,  but  it  is  a  moot  question  whether 
or  not  it  contains  an  equal  amount  of  waste  material  to  that  found  in  the 
1,500  c.cm.  Some  say  one  thing,  some  another.  Comparatively  recent  work 
by  Young  in  North  Queensland  on  the  excretion  of  nitrogen  and  sulphur  goes  to 
show  that  the  neutral  sulphur  content  is  high.  He  is  unable  to  say  if  this  is,  or 
is  not,  due  to  increased  tissue  metabolism.  Other  points  noted  by  this  observer 
are  a  much  higher  specific  gravity  of  the  urine,  a  diminution  in  the  quantity  of 
sodium  chloride  excreted  and  a  lessening  of  the  total  nitrogen.  The  last-named 
cannot  be  accounted  for  by  loss  of  nitrogen  from  the  skin,  since  this  can  only 
amount  to  1  or  2  grams  per  day  under  normal  circumstances. 

Campbell  of  Singapore,  a  place  where  there  is  no  cool  season  and  the  tem¬ 
perature  averages  80°  F.  (26-6°  C.)  all  the  year  round,  found  that  race  had  no 
influence  on  the  nitrogen  partition,  that  the  absolute  quantities  of  total  nitrogen, 
of  urea  nitrogen  and  of  uric  acid  nitrogen  were  much  lower  than  the  standard 
figures  for  Europe,  but  that  the  'percentages  of  urea  nitrogen  and  uric  acid  nitrogen 
did  not  differ  materially  from  the  standard.  The  percentage  of  ammonia 
nitrogen  was  increased  and  absolute  ammonia  nitrogen  was  also  often  increased. 
The  amount  of  creatinin  nitrogen  is  slightly  lower  than  the  European  standard, 
but  the  percentage  is  higher. 

On  the  blood.  A  good  deal  of  research  on  the  blood  state  of  Europeans 
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in  the  tropics  has  been  conducted  in  Java,  the  Philippines,  Queensland, 
and  West  Africa.  Apparently  climate  alone  produces  no  change  in  the 
formed  elements  of  the  blood  beyond  possibly  a  shift  of  the  Arneth  index  to 
the  left,  a  point  to  be  considered  immediately.  Nor,  according  to  the  latest 
work  on  the  subject,  does  it  induce  any  change  in  the  haemoglobin,  the  plasma 
or  the  specific  gravity  of  the  blood.  Prolonged  exercise  in  a  hot  country  like 
North  Queensland  has  been  shown  to  cause  a  small  concentration  of  the  blood 
plasma,  but  the  water  lost  from  the  body  is  chiefly  derived  from  other  sources. 

It  would  seem  that  the  so-called  tropical  anaemia  is  only  skin-deep,  though 
it  must  be  remembered  that  Plehn,  working  in  the  Cameroons,  found  evidence  of 
haemoglobinaemia,  and  Gibbs  in  Manila  showed  that  ultra-violet  light  can 
transform  oxyhaemoglobin  into  methaemoglobin.  Harston  definitely  states 
that  in  the  blood  of  children  in  the  tropics  there  is  a  diminution  in  the  percentage 
of  haemoglobin,  though  the  red  cells  are  increased  relatively  to  the  fluid  elements 
of  the  blood,  because  the  latter  is  more  concentrated  owing  to  excessive  per¬ 
spiration.  He  considers  the  lessened  haemoglobin  content  as  due  to  : 

1.  The  fact  that  heated  air  contains  less  oxygen  per  cubic  foot  than  cool  air. 

2.  The  slower  respiratory  exchange. 

3.  The  depletion  of  blood  in  the  lungs. 

In  nearly  all  such  observations  in  the  tropics  it  is  difficult  to  exclude  the 
effects  of  concomitant  disease,  for  example,  malaria.  This  has  been  well 
brought  out  by  Scott  Macfie  at  Accra  when  investigating  the  phenomenon 
of  the  ‘  shift  to  the  left 5  in  the  Arneth  count,  suggested  by  workers  in  the 
Philippines  and  by  Breinl  and  Priestley  in  Queensland  as  being  due  to  the 
influence  of  a  tropical  climate.  Be  this  as  it  may,  Macfie  found  it  common 
in  sub-tertian  infections  and  proved  that  it  persisted  after  recovery  of  the 
patient  and  when  his  blood  was  free  from  parasites.  In  Australia  the  observa¬ 
tions  were,  however,  made  on  healthy  school  children,  and  more  recent  work 
on  New  Guinea  natives,  while  apparently  confirming  Macfie’s  results,  tends 
further  to  establish  the  view  that  this  ‘  shift  to  the  left  ’  is  a  true  climatic  change 
and  therefore  of  special  interest  and  importance.  It  may,  as  believed  by 
Arneth  himself,  indicate  a  lowered  resistance  to  disease.  At  the  same  time 
it  should  be  noted  that  the  methods  of  research  employed  have  been  severely 
and  adversely  criticized  by  Nicoll. 

It  may  be  stated  here  that  Arneth  divides  up  the  polymorphs  according  to 
their  nuclear  lobes.  The  more  normal,  more  mature  and  more  resistant  cells 
have  3,  4  or  even  5  lobes.  The  young  cells  have  only  one  or  two.  The  index 
is  got  by  adding  the  sum  of  the  percentages  of  cells  showing  one  or  two  lobes 
to  one-half  of  the  percentage  of  those  with  three  lobes.  The  cells  are  classed 
from  left  to  right  as  1,  2,  3,  4,  5,  and  hence  when  the  index  is  displaced  or  shifted 
to  the  left  it  indicates  an  increase  in  immature  cells.  A  normal  index  of  62 
would  be  represented  by  the  following  distribution  : 

Class  1.  Class  2.  Class  3.  Class  4.  Class  5 

6  %  35  %  42  %  16  %  1  %  ’ 

Taylor  in  New  York  found  that  a  chronic  solar  dermatitis  was,  in  a  certain 
number  of  cases,  associated  with  an  increase  of  blood  lymphocytes.  A  similar 
lymphocytosis  has  been  observed  in  the  case  of  white  persons  long  resident  in 
the  Philippines. 

Of  more  importance  is  the  recent  work  of  de  Langen  and  Schut  in  the  Dutch 
East  Indies  on  the  sugar  content  of  the  blood  in  native  Javans  and  Europeans, 
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and  on  rabbits,  guinea-pigs,  and  hens  in  Java.  In  all  it  was  high  and,  in  the  case 
of  Europeans  and  of  the  animals,  considerably  higher  than  is  the  case  in  Europe. 
This  hyperglycsemia  is  almost  certainly  associated  with  a  deficiency  in  calcium 
and  a  reduction  in  the  cholesterin  of  the  blood.  The  Dutch  observers  ascribe 
the  condition  to  heat.  Humidity  may  also  play  a  part  in  the  stimulation  of 
the  sympathetic  nervous  system  which  is  said  to  be  the  physiological  cause 
of  the  hyperglycsemia.  The  hepatic  glycogen  is  no  longer  stored  up  as  usual, 
the  sugar  content  of  the  blood  increases,  and  an  attempt  is  made  to  throw  off 
this  excess  of  sugar  in  the  circulating  blood.  It  is  eliminated  through  the 
kidneys  or  burned  up,  the  result  in  the  latter  event  being  the  production  of 
4  low  fever  ’. 

A  point  of  interest  is  that  McCay  in  Bengal  found  marked  hyperglycsemia  in 
natives,  but  he  attributed  it  merely  to  their  excessive  carbohydrate  diet  and 
not  to  the  effects  of  climate.  The  Dutch  physicians  have  noted  its  presence  in 
Europeans  within  a  week  of  their  arrival  in  a  tropical  country. 

On  digestion.  As  regards  digestion  there  is  undoubtedly  first  of  all  a  stimu¬ 
lation  of  appetite  and  of  the  digestive  functions,  but  this  is  evanescent  and  is 
soon  replaced  by  a  diminution  in  appetite  and  some  lowering  of  digestive 
activity  with  an  accompanying  lessened  desire  for  animal  food. 

On  the  circulation.  The  observations  on  circulatory  change  are  so  contra¬ 
dictory  that  they  are  scarcely  worth  mentioning.  The  most  recent,  and  pro¬ 
bably  the  most  exact,  are  those  of  the  Australian  workers  already  mentioned, 
who  found  that  in  a  place  like  Townsville,  where  the  summer  climate  resembles 
that  of  Calcutta,  both  exercise  and  humid  heat  produce  a  rise  in  blood  pressure 
and  pulse  rate. 

On  the  nervous  system.  There  can  be  no  doubt  that  the  nervous  system 
is  that  on  which  the  chief  stress  of  a  tropical  climate  falls,  and  this  quite  apart 
from  the  concomitants  which  have  been  mentioned.  Stimulation,  followed  by 
depression,  would  appear  to  be  the  rule,  and  when  the  depression  is  exaggerated 
we  get  the  neurasthenic  condition  so  often  associated  with  loss  of  memory. 
In  old  tropical  residents  and  in  missionaries  in  Uganda  Cook  noted  the  presence 
of  increased  knee  jerks,  tachycardia,  insomnia  and  reaction  to  small  stimuli  as 
evidence  of  nervous  irritability,  while  Plehn  has  cited  a  weakening  of  control 
of  the  higher  centres  over  the  lower  as  explaining  outbursts  of  passion  induced 
by  trivial  causes.  Very  hot,  dry  countries  are  those  which  try  the  nervous 
system  most,  and  women  and  children  especially  suffer.  Electrical  conditions 
appear  powerfully  to  affect  the  nervous  system  in  such  countries,  though  their 
action  is  ill  defined  and  difficult  to  explain.  The  influence  of  heat  upon  the 
sympathetic  nervous  system  has  already  been  discussed,  but  it  is  necessary  to 
emphasize  the  fact  that  in  the  case  of  European  children  living  in  the  tropics 
the  whole  nervous  system  seems  to  be  in  a  condition  of  unstable  equilibrium  so 
that,  quite  apart  from  illness,  fretfulness  and  peevishness  are  common,  and 
a  condition  approaching  hysteria  may  even  be  encountered. 

On  the  generative  functions  (Vol.  III).  Both  in  the  male  and  female  there 
is  greater  generative  vigour  in  the  tropics,  but  excess  in  venery  is  more  speedily 
followed  by  exhaustion  and  neurasthenia  than  is  the  case  in  temperate  climates. 
Puberty  is  attained  at  an  earlier  age  in  the  tropics,  and  in  European  girls  living 
under  tropical  conditions  menstruation  begins  about  a  year  earlier  than  would 
be  the  case  in  a  temperate  climate.  Such  evidence  as  is  available  would  seem 
to  show  that  the  menopause  is  not  affected  one  way  or  the  other. 

On  growth.  Growth  of  the  immature  is  rapid  but  is  associated  with  a  loss 
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of  weight  and  of  strength.  The  ‘  weedy  ’  European  child  born  and  brought 
up  in  a  hot  country  is  much  in  evidence,  but  we  know  little  as  yet  about  the 
effect  of  climates  which  geographically  are  tropical  but  are  greatly  modified 
by  altitude.  The  influence  of  such  a  climate  as  that  of  the  Highlands  of  British 
East  Africa  upon  white  children  has  not  so  far  been  fully  investigated,  as  is  only 
too  evident  from  the  conflicting  views  expressed  concerning  it. 

It  is  more  than  probable  that  the  rapid  change  in  growth  induced  by  heat 
is  intimately  bound  up  with  the  stimulation  of  the  sympathetic  nervous  system 
already  mentioned,  for  it  is  this  ganglion  system  which  controls  the  functions 
concerned  with  growth  and  nutrition.  Further  reference  to  this  subject  will 
be  found  under  ‘  Food  ’. 

PATHOLOGICAL  EFFECTS. 

The  actual  pathological  effects  of  tropical  climates  are  evidenced,  as  Simpson 
says,  by  nervous  and  congestive  ailments.  The  former  have  already  to  some 
extent  been  considered,  for  the  boundary  line  between  a  physiological  and 
a  pathological  effect  in  this  connexion  is  ill  defined.  Mention  must,  however, 
be  made  of  insomnia  due  to  heat  and  excessive  atmospheric  humidity. 
In  this  connexion  interesting  information  on  the  effects  of  lack  of  air 
movements,  increased  vapour  pressure  of  the  air,  and  diminished  radiation, 
is  furnished  by  Leonard  Hill  in  his  report  to  the  Medical  Research  Com¬ 
mittee  on  The  Science  of  Ventilation  and  Open-air  Treatment ,  1911.  The 
congestive  disorders  affecting  specially  the  liver  and  bowels  are  probably  due 
more  to  sudden  changes  of  temperature  than  to  great  heat  and  humidity. 
The  concentration  of  the  urine  to  which  reference  has  been  made  undoubtedly 
predisposes  to  gravel,  and  in  hot,  dry  countries  new-comers  frequently  suffer 
from  a  certain  degree  of  renal  irritation  evidenced  by  lumbar  pain,  sometimes 
fever,  and,  in  men,  a  pricking  sensation  at  the  point  of  the  penis.  There  is, 
however,  no  evidence  that  a  tropical  climate  per  se  induces  any  form  of  organic 
kidney  disease.  On  the  contrary,  such  climates  are  usually  beneficial  to  damaged 
kidneys,  the  skin  acting  freely  and  playing  a  large  part  in  the  excretion  of  waste 
products,  thus  saving  the  renal  tissue  from  strain. 

Tropical  light  (Vol.  Ill)  may  produce  effects  which  are  pathological. 
Naturally  these  are  most  manifest  in  the  case  of  the  skin.  Such  effects  may 
be  acute  or  chronic.  The  former  ranges  from  slight  sunburn  to  a  severe 
erythema  which  may  be  accompanied  by  a  blistering  action  and  by  oedema. 
A  certain  degree  of  fever  may  be  present,  apparently  as  a  result  of  the 
inflammatory  process.  The  pyrexia  may,  however,  really  be  due  to  a  rise  in 
the  sugar  content  of  the  blood  and  thus  be  the  result  of  the  accompanying  heat 
and  not  of  light  at  all.  Chronic  skin  irritation  is  shown  by  pigmentation,  by 
vasomotor  changes,  and  by  actual  disease.  The  nearer  the  equator,  the  darker 
as  a  rule  the  colour  of  the  skin  in  native  races,  and  this  is  not  a  question  of  heat, 
because  the  hottest  parts  of  the  earth  are  not  under  the  equator  but  in  north 
latitude  10°.  The  skin  of  the  European  long  resident  in  the  tropics  undoubtedly 
darkens.  It  is  probably  because  they  are  subject  to  intense  light  from  an 
early  age  that  his  descendants  tend,  though  not  invariably,  to  have  dark  skins. 
Pigmentation,  however,  does  not  always  occur.  In  places  where  the  climate 
is  damp  and  hot  a  peculiar  pallor  is  frequently  developed,  a  colour  which  gave 
rise  to  the  old  term  4  tropical  anaemia  5  but  which  Musgrave  and  Sisson  regard 
as  due  merely  to  a  local  vasomotor  change,  a  tropical  ischaemia.  Where  slight 
pigmentation  is  established  there  is,  on  the  other  hand,  a  dilatation  of  cutaneous 
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vessels  and  capillaries  and,  probably  as  the  result  of  this  increased  blood  supply, 
the  hair  and  nails  grow  more  rapidly.  Dark  skins  do  not  show  this  reflex  to 
solar  irritation.  The  eye  is  specially  susceptible  to  light  or  actinic  rays,  and 
Finny  considers  that  they  may  produce  conjunctivitis  and  even  headache  and 
malaise. 

According  to  Chalmers  and  Castellani  examples  of  disease  produced  by 
tropical  light  are  seen,  at  least  to  some  extent,  in  Xeroderma  pigmentosum, 
in  the  erythema  of  pellagra  and  possibly  in  sunstroke.  The  question  as  to 
which  of  the  solar  rays  are  hurtful  is  considered  in  the  chapter  dealing  with 
heat-stroke.  Here  it  need  only  be  stated  that  the  work  of  Aron  in  Manila 
controverts  the  ‘  actinic  theory  ’,  i.  e.  the  belief  that  the  chemically  active  rays 
of  light  beyond  the  violet  of  the  spectrum  are  to  blame,  and  attributes  the  ill 
effects  to  the  infra-red  heat  rays,  i.  e.  those  rays  of  energy  beyond  the  limits  of 
vision  and  below  the  red  rays.  Finny  states  that,  in  India,  the  actinic  rays 
have  been  proved  to  have  no  selective  action  on  the  brain.  Puntoni,  however, 
believes  that  both  are  harmful,  the  photo-chemical  action  of  the  violet-ultra¬ 
violet  rays  being  reinforced  by  heat-producing  red-yellow  rays.  (See  Prophy¬ 
laxis — Clothing). 

RACIAL  ACCLIMATIZATION. 

A  consideration  of  the  effects  of  tropical  light  leads  us  to  the  more  general 
question  of  the  adaptation  of  the  white  race  for  life  and  work  in  the  tropics. 
This  is  a  very  complex  and  difficult  subject  on  which  our  knowledge  is  still  in 
a  state  of  flux.  Two  schools  exist.  There  are  those  who  hold  that  the  ill 
effects  of  tropical  residence  are  wholly  due  to  the  various  concomitants  which 
have  been  mentioned  and  not  to  the  climate  itself.  They  consider  that,  if 
insanitary  conditions  are  removed,  the  white  man  can  not  only  live  and  labour 
in  the  tropics  but  can  propagate  his  race  there  and  that  his  descendants  will  be 
healthy  and  virile. 

In  direct  opposition  to  this  view  there  are  those  who  believe  that  it  is, 
to  say  the  least,  very  doubtful  if  the  white  man  can  accomplish  manual  work 
out-of-doors  under  true  tropical  conditions,  such  as  exist  in  coastal  belts, 
and  that  if  he  tries  to  do  so  he  will  assuredly  degenerate.  They  also  assert  that, 
as  the  nervous  system  is  the  basis  of  the  whole  animal,  and  as  the  stress  of 
tropical  climates  falls  specially  upon  it  and  injures  it,  there  is  no  possibility 
that  the  white  races  can  settle  and  reproduce  themselves  in  the  tropics  without 
undergoing  marked  deterioration. 

Those  who  favour  the  first  hypothesis  direct  attention  to  the  attempt  now 
in  progress  in  tropical  Queensland  and  the  Northern  Territory  of  Australia  to 
exclude  the  black  or  coloured  field-worker  and  to  encourage  the  idea  of  a  so-called 
4  White  Australia  ’.  They  maintain  that,  so  far,  the  experiment  has  been 
a  success  and  that  the  white  man  can  do  a  good  day’s  work  in  the  open  without 
any  more  protection  than  is  afforded  by  boots,  breeches,  and  felt  hat.  Moreover, 
it  is  said  that  children  in  the  Northern  Territory  show  no  evidence  of  deteriora¬ 
tion,  physical  or  mental,  while  the  infantile  mortality  is  lower  than  in  any  other 
part  of  Australia.  As  a  completed  experiment  on  a  large  scale  Panama  is 
cited  and  Gorgas  is  quoted  in  support  as  follows  : 

‘  The  real  scope  of  tropical  sanitation,  which  has  been  almost  entirely  developed 
within  the  last  fifteen  or  twenty  years,  I  believe,  will  extend  far  beyond  our  work  at 
Panama.  Everywhere  in  the  tropics,  to  which  the  United  States  has  gone  in  the  past 
fifteen  years,  it  has  been  shown  that  the  white  man  can  live  and  exist  in  good  health. 
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This  has  occurred  in  the  Philippines,  in  Cuba,  and  in  Panama,  but  the  demonstration 
has  been  most  prominent  and  spectacular  at  Panama,  and  therefore  has  attracted 
there  the  greatest  world-wide  attention.  Here  among  our  large  force  of  labourers 
we  had  for  ten  years  some  ten  thousand  Americans — men,  women,  and  children. 
Most  of  these  American  men  did  hard  manual  labour,  exposed  to  the  sun,  ram  and 
weather  conditions  day  in  and  day  out,  yet  during  that  time  their  health  remained 
perfectly  good,  just  as  good  as  if  they  were  working  at  home.  The  same  remark  as  to 
health  would  apply  to  the  four  thousand  women  and  children  who  lived  at  Panama 
with  their  husbands  and  fathers.  Both  the  women  and  children  remained  in  as  good 
condition  as  they  would  have  been  had  they  lived  in  the  United  States.  This  condition 
at  Panama,  I  think,  will  be  generally  received  as  a  demonstration  that  the  white  man 
can  live  and  thrive  in  the  tropics.  The  amount  of  wealth  which  can  be  produced  in 
the  tropics  for  a  given  amount  of  labour  is  so  much  larger  than  that  which  can  be 
produced  in  the  temperate  zone  by  the  same  amount  of  labour  that  the  attraction  for 
the  white  man  to  emigrate  to  the  tropics  will  be  very  great,  when  it  is  appreciated 
that  he  can  be  made  safe  as  to  his  health  conditions  at  a  small  expense.  When  the 
^reat  valleys  of  the  Amazon  and  of  the  Congo  are  occupied  by  a  white  population 
more  food  will  be  produced  in  these  regions  than  is  now  produced  in  all  the  rest  of  the 
inhabited  world.’ 


Chamberlain  is  nearly  as  emphatic  regarding  the  Philippines,  saying  that  : 

1.  It  seems  probable  that  climate  per  se  exercises  little  if  any  harmful 
influence  on  Americans  in  the  Philippines. 

2.  By  far  the  larger  part  of  the  morbidity  and  mortality  in  the  Philippines 
is  due  to  nostalgia,  isolation,  tedium,  venereal  disease,  alcoholic  excess,  and 
especially  to  infection  with  various  parasites. 

3.  The  facts  justify  the  hope  that  the  progress  of  tropical  sanitation  may 
ultimately  permit  the  permanent  colonization  of  certain  parts  of  the  tropics. 

This  is  a  view  now  shared  by  Manson  and  Sambon  and  which  certainly 
receives  support  from  the  following  account  in  the  Indian  Medical  Gazette  of  an 
unintended  experiment  carried  on  for  more  than  250  years  : 

‘  In  1665,  eight  Dutch  soldiers  were  sent  by  the  Netherlands  East  India  Company 
to  the  little  island  of  Kissa,  sixteen  miles  off  the  most  easterly  point  of  Timor  ;  a  fort 
was  built  and  they  were  told  to  watch  the  Portuguese.  The  Company  forgot  all  about 
this  lonely  outpost,  and  Sergeant  Kaffyn  and  his  men  realized  that  they  were  in  fact 
marooned.  They  had  their  wives  with  them  ;  a  guiding  principle  of  the  Dutch  East 
India  Company.  They  set  to  work  to  build  houses  and  cultivate  the  land.  The 
descendants  of  these  eight  couples  still  remain.  They  have  been  wonderfully  fertile  ; 
in  the  two  and  a  half  centuries  the  16  have  risen  to  300,  and  they  are  a  sturdy  race 
with  no  signs  of  any  evil  effects  from  interbreeding.  They  still  keep  their  blood  pure 
and  still  have  big  families,  and  many  have  fair  European  faces  and  complexions  and 
many  children  have  light  hair  and  blue  eyes.  These  people  had  to  work,  and  work 
hard,  and  the  consequence  is  that  after  250  years  in  this  tropical  island  they  are  still 
fertile,  indeed  prolific,  and  still  keep  their  North  Europe  characteristics.’ 


These  facts  are  taken  from  an  interesting  work  by  MacMillan  Brown  called 
The  Dutch  East,  and  reference  to  the  original  shows  that  many  of  these  settlers 
are  pure  Dutch  and  that  the  island  they  inhabit  is  naturally  dry  and  barren 
and  hence  presumably  healthy. 

It  would  seem  that  confirmative  evidence  is  also  to  be  found  in  the  fact  that 
the  children  of  the  so-called  ‘  Poor  Whites  5  in  Barbados  and  Grenada,  the 
majority  of  whom  are  of  pure  white  blood,  show,  when  quite  young  and  un¬ 
affected  by  any  form  of  parasitism  or  by  venereal  disease  and  alcoholism, 
no  sign  of  decadence  or  deterioration  and  exhibit  in  many  instances  fair  com¬ 
plexions  and  light  coloured  hair  (fig.  1).  Deterioration,  however,  occurs  when 
infection  takes  place  (fig.  2). 

An  interesting  paper  by  Hintze  {Arch.  /.  Schiffs -  u.  Trop.-Hyg .,  1916, 
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Vol.  20,  reviewed  in  the  Tropical  Diseases  Bulletin,  Vol.  XV,  No.  4,  1920),  who 
writes  after  15  years’  experience  in  various  parts  of  the  tropics  shows  him  to  be 
one  of  the  first  school.  He  mentions  Barbados  and  Kissa  and  also  cites  the 
islands  of  Saba,  St.  Martin  and  Curasao  as  places  where  the  descendants  of  white 
settlers  are  found  to-day  healthy  and  vigorous.  The  same  state  of  matters,  he 
says,  is  found  in  the  German  colony  of  Espirito  Santo  in  Brazil,  which  .was 
founded  in  1847  and  where,  according  to  Wagemann,  the  birth-rate  in  various 
parts  is  between  48  and  70  per  thousand  and  the  death-rate  8  to  14  per  thousand. 


Fig.  1.  Healthy  ‘  Poor  White’  boy,  Gren¬ 
ada.  Wellcome  Bureau  of  Scientific  Research. 
(Copyright.) 


Fig.  2.  ‘  Poor  White  ’  boy,  Grenada,  the 
victim  of  ankylostomiasis.  Note  facial  ex¬ 
pression.  Wellcome  Bureau  of  Scientific 
Research.  (Copyright.) 


The  pioneers  had  a  severe  struggle  with  nature  and  with  disease,  but  the  colony 
is  now  in  a  flourishing  condition.  Hintze  thinks  that  heights  of  1,000  to  3,000 
feet  should  be  settled  before  the  lowlands,  but  that  later  generations  can  safely 
occupy  coast  areas.  The  settlers  should  drive  machines  rather  than  do  work 
with  their  own  muscles. 

The  second  school  appear  to  be  content  with  the  broad  verdict  of  history 
which  is  for  all  practical  purposes  embodied  in  the  following  dicta  by  Anderson  : 

4  1.  When  a  species  is  well  adapted  to  the  conditions  which  environ  it,  it  flourishes  ; 
when  imperfectly  adapted,  it  decays  ;  when  ill  adapted,  it  becomes  extinct. 

2.  When  a  white  man,  native  of  a  temperate  zone,  goes  to  the  tropics,  there  occurs 
a  histological  reaction  of  his  system  to  the  new  environment,  and  readjustments  of 
co-ordination  between  his  vital  processes. 

3.  In  the  tropics  the  white  man,  individually,  can  exist ;  racially,  he  cannot  persist. 

4.  Acclimatization  is  not  possible. 
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5.  No  superior  race  can  successfully  govern  an  inferior  race,  superior  in  numbers, 

with  equality  before  the  law.  . 

6.  Only  by  partial  enslavement  of  the  coloured  natives,  superior  in  numbers,  can 
the  white  man  rule  and  govern  in  the  tropics,  and  it  is  only  by  relays  of  fresh  repre¬ 
sentatives  he  can  continue  his  sovereignty. 

No  colony  of  northern  origin  has  ever  been  able  to  lead  a  permanent  and  independent 

existence  in  the  tropics.’ 

The  arguments  cannot  be  followed  at  greater  length  nor  can  any  definite 
statement  be  made,  but  the  balance  of  evidence  would  seem  to  be  in  favour  of 

Gorgas  and  those  who  agree  with  him. 

Whatever  may  be  the  truth  in  this  matter  there  can  be  no  doubt  that,  under 
existing  conditions,  save  perhaps  in  the  case  of  certain  tropical  countries  where 
climatic  influences  are  markedly  modified  by  altitude,  it  is  not  only  advisable 
but  necessary  that  European  children  on  attaining  the  age  of  6  or  7  years  should 
be  sent  to  a  temperate  climate.  Such  a  step  is  usually  necessary  for  purposes 
of  education  and  is  also  highly  desirable  inasmuch  as  association  with  natives, 
more  especially  in  India,  is  apt  to  be  detrimental  to  the  morals  and  mental 
outlook  of  the  children  of  Europeans.  Apart,  however,  from  such  considera¬ 
tions  the  influence  of  a  hot  climate  on  growth  and  development  is  such  that, 
except  in  rare  cases,  harm  undoubtedly  results  from  keeping  white  children 
too  long  in  the  tropics.  The  same  is  true  in  a  minor  degree  as  regards  European 
women.  Both  the  dry  and  the  damp  tropics  prejudicially  affect  their  nervous 
systems  and,  though  they  may  in  a  sense  preserve  their  health  and  remain 
capable  of  carrying  out  their  duties,  the  majority  of  those  who  reside  for  long 
periods  uninterruptedly  in  the  tropics  will  be  found  distinctly  below  par. 

Some  men  appear  to  retain  their  health  and  vitality  under  the  most  adverse 
circumstances,  but  they  are  exceptional,  and  what  has  been  said  regarding 
women  applies,  though  to  a  lesser  extent,  to  men. 

It  may  be  noted  that  Hintze  does  not  agree.  He  considers  that  children 
flourish  in  the  tropics  and  need  not  be  sent  home  save  for  educational  purposes 
and  to  avoid  the  risk  of  sexual  precocity.  He  also  states  that  women  stand  the 
climate  well,  and  asserts  that  poorer  women  who  have  to  perform  hard  work 
are  much  healthier  than  those  for  whom  everything  is  done. 

Doubtless  there  is  a  measure  of  truth  in  these  statements  but  few  are  likely 
fully  to  endorse  them  under  existing  conditions  of  tropical  life. 

The  Anglo-Egyptian  Sudan  has  been  rather  wittily  and  by  no  means  inac¬ 
curately  described  as  4  a  country  where  white  women  lose  their  looks  and  white 
men  their  energy  ’.  Without  much  exaggeration  this  statement  might  be 
applied  not  unfittingly  to  all  tropical  countries,  at  least  under  the  conditions 
at  present  prevalent  in  them.  Whether  hygienic  measures,  increased  comfort 
and  amenities,  improvements  in  social  surroundings,  and  a  greater  diffusion  of 
knowledge  as  regards  the  physiological  needs  of  the  body  in  the  tropics  will 
abolish  such  a  stigma  is  a  problem  which  the  future  must  solve. 

The  question  of  prolonged  residence  in  tropical  highlands,  which  is  quite 
a  special  proposition,  has  already  been  touched  upon.  It  only  remains  to  state 
that  Standel  affirms  that  in  such  cases  changes  occur  in  the  nervous  system  of 
Europeans,  if  not  in  the  first  certainly  in  the  second  and  subsequent  generations.1 

1  In  this  connexion  it  should  be  noted  that  MacKinnon  has  recently  instituted  an  inquiry 
into  the  influence  of  tropical  climate  combined  with  high  altitude  upon  European  children 
in  Nairobi.  His  first  paper  on  the  subject,  entitled  ‘European  Children  in  the  Tropical 
Highlands  ’,  appeared  in  the  Lancet  for  November  6,  1920,  p.  944.  It  deals  only  with  cardiac 
conditions  and  need  not  be  further  considered,  but  the  author’s  future  investigations  will  be 
followed  with  interest. 
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CHAPTER  2 

PROPHYLAXIS  AGAINST  CLIMATIC  EFFECTS 

Synopsis  :  Clothing,  p.  11  ;  Exercise,  p.  17  ;  Cleanliness,  p.  19  ;  Prevention  of  chill 
and  regulation  of  the  bowels,  p.  20  ;  Sleep  and  rest,  p.  20  ;  Food,  p.  21  ;  Drink,  p.  25. 


The  measures  employed  to  obviate  or  mitigate  the  effects  of  tropical  climates 
upon  the  individual  may  be  considered  under  the  following  headings  : 

1.  Clothing.  There  are  certain  general  principles  governing  the  selection 
of  clothing  for  Europeans  in  the  tropics  to  which  attention  may  first  be  directed. 
It  is  necessary  that  while  it  protects  from  the  solar  rays  it  should  interfere  as 
little  as  possible  with  the  evaporation  of  moisture  from  the  surface  of  the  body. 
It  should  be  light  and  easy  to  wear,  and  under-clothing,  i.  e.  that  next  the  skin, 
should  be  of  non-absorbent  material  of  open  mesh  which  can  be  frequently 
washed.  Protection  is  also  required  from  winds  which  may  be  cold  or 
dust-laden,  from  rain,  and  from  the  bites  of  insects. 

The  clothing  must  naturally  vary  according  to  the  type  of  tropical  climate 
and,  in  those  climates  which  possess  well-marked  seasonal  variations,  according 
to  the  season. 

Here  it  is  only  possible  to  deal  with  the  matter  in  a  general  manner.  The 
following  table  giving  certain  results  obtained  by  Gibbs  in  the  Philippines  is  of 
value  as  showing  definitely  that  the  temperature  rises  most  rapidly  under 
clothing  with  a  maximum  capacity  for  heat  absorption  and  a  minimum 
capacity  for  air  circulation  : 


Temperature  under  different  kinds  of  Clothing.  Measurements  made  at  Baguio 

BY  MEANS  OF  THERMOCOUPLE. 


Subject. 


F.  American.  Woollen  coat, 
cotton  shirt 

Same  with  woollen  coat  off 

Gil.  Filipino.  All  cotton 
clothing 

Rey.  Filipino.  Flannel  shirt  . 

G.  American.  Cotton  shirt  . 

F.  In  shade.  Woollen  coat, 
cotton  shirt 

Ditto  .  .  .  . 

Ros.  Cotton  shirt 

E.  Woollen  khaki  shirt 

Ros.  Filipino.  Cotton  shirt  . 

Alipit.  Igorot.  Khaki  coat 
only 

Magamba.  Igorot.  Clothing 
consists  of  2  white  cotton 
shirts  under  a  mixed  black 
and  grey  cotton  coat 


Temperature.  °  C.  i 


Date. 

Time. 

On 

shoulder 
next  to 
skin,  in 

In 

axilla 

1911. 
April  29 

10-27 

the  sun. 

37-4 

37-3 

_ 

- 

37-2 

37-2 

— 

— 

33-5 

33-9 

— 

— 

34-35 

31-05 

— 

— 

32-75 

33-45 

— 

10-40 

32-85 

35-45 

11-50 

34-7 

35-8 

May  3 

10-15 

33-7 

35-8 

May  4 

10-00 

38-9 

— 

May  4 

10-00 

37-1 

— 

May  17 

9-00 

37-4 

35-9 

38-0 

36-8 

Remarks. 


Perspiring. 


Perspiring 

freely 

Sitting  in  shade 
all  the  time. 


After  running 
exercise 
Ditto 


12  PERSONAL  HYGIENE 

As  Gibbs  says,  the  ideal  ‘  clothing  ’  would  be  a  large  white  umbrella  because 
it  shades  the  body,  reflects  the  heat  rays  and  therefore  has  a  low  absorption 
power  for  heat,  and  at  the  same  time  does  not  hinder  heat  radiation  and  the 
circulation  of  air.  A  green  lining  is  recommended  as  being  agreeable  to  the 
eyes,  but  if  Puntoni’s  views,  already  quoted,  are  correct,  the  green  lining  is  also 
valuable  on  account  of  its  absorbent  properties,  for  it  only  allows  green  rays 
to  pass  and  these  are  harmless,  being  arrested  by  the  tissues  of  the  cranium. 
An  umbrella  is  not  a  practical  form  of  clothing  but  it  is  interesting  to  note 
how  in  China,  Siam,  and  the  Philippines  the  natives  at  least  approximate 


Fig.  3.  Palm  hat  sheltering  both  head  and  shoulders,  as  worn  by  the 
Philippine  peasant.  After  Gibbs.  Philippine  Journal  of  Science,  Vol.  VII,  B, 

No.  2,  1912. 

to  the  ideal  by  wearing  very  little  clothing  and  shading  both  the  head  and 
the  body  by  means  of  very  wide-brimmed  hats  (fig.  3).  Brooke  has  paid 
special  attention  to  the  question  of  headgear  though,  as  he  wrote  in  the  days 
when  the  actinic  ray  theory  held  the  field,  his  views  require  some  modification. 

Considering  the  helmet  first  (fig.  4)  we  note  as  regards  colour  that,  save 
when  military  or  sporting  reasons  forbid,  it  should  be  white  with  a  green  or 
dark  lining.  The  weight  should  be  light,  not  exceeding  15  oz.,  the  brim,  sloping 
downwards,  should  project  horizontally  from  the  head  for  at  least  4  inches 
throughout  the  whole  circumference.  An  increase  in  this  dimension  posteriorly 
is  useful  but  not  essential,  though  helmets  with  aluminium  flaps  have  been 
recommended  for  military  use.  The  helmet  should  be  fixed  up  and  away  from 
the  head  to  allow  good  circulation  of  air.  This  is  effected  by  a  band  which 
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grips  the  head  and  between  which  and  the  walls  of  the  helmet  there  is  an  air 
space  crossed  at  intervals  by  supporting  pieces  of  cork.  Such  an  arrangement 
does  not  do  away  with  the  necessity  of  having  openings  at  the  top  of  the  headpiece. 
A  sola  topi  of  this  type  made  of  pith  is  an  excellent  headdress  during  the 
heat  of  the  day.  It  may  be  provided  with  a  light  waterproof  cover.  In  some  hot 
countries,  especially  those  at  a  high  altitude,  a  double  Terai  hat  (fig.  4, 1 )  serves  the 
purpose.  In  the  early  morning  or  late  afternoon  the  civilian  may  wear  a  light  straw 
or  felt  hat  with  a  wide  brim.  The  sportsman  frequently  finds  a  helmet  trouble- 


Fig.  4.  Types  of  head-gear  for  the  tropics.  (By  the  courtesy  of  Messrs. 
Hawkes  &  Co.,  Ltd.) 

1.  Double  felt  Terai  blue  silk  pugree.  262  grm.,  9f  oz. 

2.  Panama.  115  grm.,  4  oz. 

3.  Brown  felt,  Curzon  shape.  330  grm.,  Ilf  oz. 

4.  Drab  felt  demi-pugree.  330  grm.,  Ilf  oz. 

5.  Woollen  solaro,  silk  pugree.  340  grm.,  12  oz. 

6.  White  mufti,  deep  back  peak.  362  grm.,  12f  oz. 

7.  White  Wolseley  Regulation  helmet.  385  grm.,  131  oz- 

8.  Egyptian  type  military  helmet.  352  grm.,  121  oz- 

9.  Pith  Cawnpore  quilted  cover  reinforced  with  rubber  and  fabric.  405  grm., 

14f  oz. 

Nos.  3  and  4  are  of  a  shape  not  to  be  commended,  as  they  are  too  narrow 
and  fit  too  closely  to  the  head. 

some  in  bush  or  forest  country  and  is  accustomed  to  wear  a  stout  felt  hat  well 
ventilated.  During  the  heat  of  the  day  its  protective  action  can  be  increased 
by  inserting  a  crumpled-up  handkerchief  in  its  crown.  This  simple  measure 
often  affords  a  sense  of  relief. 

Wherever  there  is  much  glare  neutral-tinted  spectacles  (Ophthalmology, 
Vol.  Ill)  will  be  found  of  value,  a  greenish  or  orange  coloured  glass  being 
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best.1  Spectacles  or  small  motor  goggles  are  useful  as  a  protection  against  dust 
and  sand  storms.  It  is  worth  noting  that  some  believe  the  ill  effects  of  the  solar 
rays  on  the  brain  are  exercised  entirely  through  the  eyes,  and  that  if  these  are 
protected  no  head  covering  is  necessary,  at  least  in  dry  and  hot  countries. 
Some  with  this  belief  even  practise  what  they  preach,  and  apparently  without 
harm  resulting,  but  their  view  is  not  likely  to  be  generally  adopted.  At  the 
same  time  it  must  be  remembered  that  a  good  head  of  dark  hair  must  form 
a  very  efficient  protection.  Taking  next  the  body  clothing  we  note  that 
there  should  be  as  little  restriction  as  possible,  especially  round  the  neck  and 
thorax.  As  already  stated,  underwear  worn  next  the  skin  should  be  non¬ 
absorbent  provided  it  is  of  a  special  type  (vide  infra).  It  is  probably  well 
that  it  should  be  of  a  dark  colour  unless  the  outer  garments  have  a  dark  lining, 
for  in  this  way  we  approximate  to  what  we  find  in  Nature  in  the  tropics — 
dark-skinned  people.  When  these  do  wear  clothing,  the  latter  is  usually  white 
or  light  coloured.  At  the  same  time  it  would  seem  that  too  much  stress  must  not 
be  laid  on  this  protection  from  solar  rays  by  cutaneous  pigmentation,  for  many 
pure  Arabs  living  in  the  tropic  zone  have  skins  of  a  white  colour  even  in  those 
parts  of  their  bodies  habitually  exposed  to  the  sun,  while  a  consideration  of  the 
distribution  of  the  Mongolian  races  and  the  Red  Indians  must  undoubtedly  be 
disturbing  to  those  who  view  the  pigmented  skin  as  a  measure  devised  solely 
to  protect  the  human  body  from  the  evil  effects  of  the  tropical  sun.  Reverting 
again  to  the  question  of  clothing  we  may  note  that  for  general  use  cotton  is 
best  and  the  vest  or  undershirt  should  be  of  the  aertex  cellular  type.  It  is 
a  mistake  to  wear  wool  next  the  skin  in  the  tropics  because  it  gets  sodden  with 
sweat  and  becomes  irritating  and  uncomfortable.  A  light  flannel  shirt  worn 
over  the  open  cotton  mesh  is  probably  the  best  arrangement.  A  mixture  of 
wool  and  cotton  may  also  be  employed  for  the  shirting.  In  all  cases  where 
washable  trousers  or  shorts  are  not  used,  light  cotton  or  calico  drawers  should 
be  worn  for  purposes  of  cleanliness  and  also  to  obviate  the  risk  of  skin  irritation. 
They  must  be  frequently  changed.  Opinions  vary  as  regards  the  use  of  a  flannel 
cholera  belt,  but  experience  in  many  tropical  countries  leads  the  writer  to 
recommend  its  use  at  night,  and  at  night  only.  Even  so  it  is  unnecessary  and 
uncomfortable  in  places  where  the  nights  are  invariably  hot  and  steamy  and 
is  chiefly  of  value  in  dry,  desert  climates  where  there  is  a  great  difference  between 
the  day  and  night  temperatures.  The  kummerbund  is  a  useful  article  of 
clothing,  especially  for  men  in  the  evening.  It  does  away  with  the  need  for 
a  waistcoat,  which  often  proves  hot  and  uncomfortable,  and  yet  provides  the 
necessary  safeguard  against  chill  to  the  abdominal  organs.  It  is  usually  made 
of  silk,  indeed  the  best  form  is  a  silk  sash  with  loose  ends.  Where  a  coat  or 
tunic  is  not  worn  a  spinal  pad  of  dark  material  will  be  found  useful.  It  should 
button  or  clip  to  the  shirt  above  and  below.  There  is  no  special  advantage  in 
having  it  made  of  red  cloth.  The  ordinary  spinal  pad  is  rather  heavy  and  a  strip  of 
cotton  sewn  inside  the  shirt  will  often  answer  the  purpose  equally  well.  According 
to  Finny  the  spinal  cord,  owing  to  its  anatomical  position,  runs  no  risk  from  the 
solar  rays.  He  believes  that  the  discomfort  felt  when  the  back  is  exposed  to  the 
sun  is  due  partly  to  auto-suggestion  and  partly  to  the  fact  that  the  back  presents 
the  largest  unbroken  surface  of  the  body  and  the  one  least  well  supplied  with 
sweat-glands.  He  does  not  consider  a  spine-pad  necessary  but  admits  that  it 
may  afford  a  feeling  of  security  to  its  wearer  and  thereby  make  for  comfort. 

1  Extensive  research  by  Larsen  on  different  kinds  of  glass  indicates  that  yellow  glass  No.  23 
(Nitsche  and  Gunther  scale)  is  most  effectual  in  keeping  out  the  short-waved  chemical  rays. 
The  tint  is  comfortable  and  impedes  vision  very  little. 
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In  considering  external  clothing  it  is  well  to  quote  Rubner’s  table  showing 
the  ABSORPTIVE  POWERS  OF  DIFFERENT  COLOURED  CLOTHING  MATERIAL  : 


White 

100 

Dark  green 

1-61 

Light  yellow 

102 

Red 

1-68 

Light  green 

1-40 

Light  brown  . 

1-98 

Dark  yellow 

1-40 

Black 

2-08 

Blue  is  not  included  in  the  list.  A  navy  blue  ranks  just  above  dark  green 
and  is  by  no  means  a  bad  hue  for  a  loose  fitting  coat  or  tunic  in  the  tropics 
during  the  cool  season.  A  lightish  blue  is  the  common  colour  for  the  Egyptian 
labourer’s  galabeah.  As  all  clothing  materials  are  better  conductors  of  heat 
than  the  air  itself  it  is  unnecessary  to  consider  clothes  from  the  point  of  view 
of  protection  against  what  has  been  called  the  contact  heat  of  air,  save  in 
regions,  such  as  the  Sudan  and  Mesopotamia,  where  currents  of  very  hot  air 
may  be  encountered  from  which  suitable  clothing  either  of  a  certain  thickness 
or  in  sufficient  layers  would  protect  the  skin.  As  such  air  is  often  charged  with 
dust  or  sand  the  protection  is  doubly  necessary.  American  work  in  the  Philip¬ 
pines  has  shown  that  white  and  khaki  are  the  best  colours  for  external  clothing, 
the  very  hues  which  experience  has  led  the  European  to  adopt.  White  has  the 
disadvantages  that  it  is  easily  soiled  and  is  trying  to  the  eyes,  but  its  powers  of 
reflecting  heat  make  it  valuable.  It  is  certainly  the  best  for  thick  clothes,  which, 
however,  must  be  well  ventilated. 

Probably  as  comfortable  and  satisfactory  a  fabric  as  can  be  found  is  the 
fairly  stout  unbleached  cotton  cloth  sold  in  the  Anglo-Egyptian  Sudan  under 
the  name  of  damoor.  Khaki  is  preferable  for  thin  clothing  as  this  is  always 
looser  in  fit  and  the  heat,  being  absorbed  by  the  stuff,  does  not  warm  the  body 
by  contact.  White  drill  is  stiff  and  not  too  well  ventilated.  Tussore  silk  is  better 
but  expensive.  The  ‘  Solaro  ’  and  4  Assolar  ’  fabrics  greatly  boomed  at  the  time  the 
4  actinic  ray  ’  theory  was  in  force  are  still  used  but  do  not  appear  to  possess  any 
special  merits.  As  Lelean  says, 4  a  layer  of  blood  less  in  thickness  than  that  repre¬ 
sented  by  the  blood  in  the  human  veins  suffices  to  protect  against  these  rays  ’. 
For  reasons  stated  it  is  probable  that  a  colour  screen  of  green  is  preferable  to 
red,  while,  if  dark  underwear  is  not  worn,  Finny  recommends  a  dark  lining  to 
the  external  clothes,  but  the  really  important  matter  is  to  have  the  stuff  loosely 
woven  to  favour  evaporation  and  circulation  of  air.  Opinions  vary  as  to 
weight.  Most  agree  that  the  lighter  the  clothing  the  better,  but  more  than  one 
experienced  African  traveller  wears  thick  and  heavy  clothes  upon  safari,  taking 
care,  however,  to  have  them  loose  and  easy.  For  everyday  use  in  the  tropics 
light-weight  garments  are,  however,  the  most  comfortable,  and  they  should  be 
as  porous  as  possible. 

Shorts  have  come  greatly  into  use  amongst  soldiers,  sportsmen,  and  travellers. 
Once  the  skin  of  the  knees  has  become  habituated  to  the  sun  shorts  have  many 
advantages.  They  allow  free  play  of  the  joint  and  good  air  circulation  and  eva¬ 
poration.  Their  chief  disadvantage  is  that  they  expose  a  skin  area  to  mosquito 
bites.  This  is  got  over  by  providing  them  with  flaps  which  can  be  turned 
down  under  the  puttee  or  legging.  Shorts  cannot  be  worn  in  a  country  like 
Ceylon  where  land  leeches  are  common,  and  are  certainly  undesirable  in  regions 
where  dangerous  insects,  such  as  tsetse  flies,  are  prevalent. 

Just  as  shorts  are  useful  for  ventilation  purposes  so  is  the  provision  of  longi¬ 
tudinal  slits  under  the  armpits  in  the  case  both  of  shirts  and  tunics.  These  are  not 
visible  unless  the  arms  are  raised,  add  considerably  to  comfort  and,  where  the  axillae 
are  not  shaved,  lessen  the  chance  of  infection  by  hair  fungi  (Trichonocardiasis). 
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Leggings  arc  usually  said  to  be  better  than  puttees  for  riding,  but  the 
latter  have  the  advantage  of  allowing  the  knee  and  leg  to  fit  close  into  the 
saddle.  A  well-fitting  waterproof  canvas  legging  has  much  to  commend  it 
and  in  some  ways  is  better  than  a  puttee.  Puttees  have  to  be  carefully  put  on 
and  are  not  suitable  for  wet  weather  though  it  is  true  that  in  a  long  march  they 
support  the  calves. 

For  travelling,  campaigning,  and  general  rough  work  thick  socks  should 
always  be  worn.  The  best  type  are  those  with  6  ribs  5  for  they  spread  upon  the 
foot,  fill  up  interstices  between  the  foot  and  the  boot  and  are  better  ventilated 
than  the  close-knitted  sock.  The  same  applies  to  stockings.  It  is  quite  a  good 
and  economical  plan  to  wear  a  thin  pair  of  socks  next  the  feet  and  a  thicker 
pair  over  them.  This  lessens  pressure  and  friction  and  prevents  mosquito  bites, 
for  a  female  mosquito  will  not  risk  the  bending  of  her  proboscis  which  is  almost 
inevitable  when  she  tries  to  pierce  the  two  layers  formed  by  superimposed 
materials. 

Boots  require  even  more  careful  selection  in  the  tropics  than  in  temperate 
climates.  They  should  be  first  tested  over  thick  socks,  for  in  a  hot  climate  the 
feet  swell  readily.  In  other  respects  the  ordinary  common-sense  rules  for 
foot-wear  apply.  Brooke  considers  canvas  better  than  leather  as  a  material 
for  boots  and  shoes  in  the  tropics.  It  is  comfortable,  yielding,  and  permits 
of  freer  ventilation  for  the  feet. 

The  same  author  deals  with  women’s  clothing  in  the  tropics.  He 
recommends  for  underwear  in  hot  weather  a  fine,  soft  cambric,  changed 
twice  or  thrice  daily  to  prevent  prickly  heat.  It  should  be  in  two  parts — 
chemise  and  drawers — as  a  double  covering  for  the  abdomen  is  thereby 
secured.  A  loosely  woven  cotton  gauze  or  a  mixture  of  cotton  with  either  silk 
or  wool  is  probably  better.  For  the  cool  season  combinations  of  thin  soft  natural 
wool  are  recommended  as  there  is  then  not  the  same  risk  of  cutaneous  irritation. 
Stays  should  be  of  open  cellular  material.  Blouses  should  protect  the  shoulders 
sufficiently  from  the  sun.  For  ordinary  wear  a  cotton  skirt  of  the  ‘  damoor  ’ 
material  already  mentioned  worn  over  a  pair  of  loose  knickers  answers  well. 
Petticoats,  if  worn,  should  be  light  and  depend  solely  from  the  hips.  Thin 
cashmere  stockings,  thin  gloves,  preferably  of  kid,  and  white  parasols  lined 
with  green  are  indicated.  The  latter  should  be  of  good  stout  stuff  if  for  use 
while  the  sun  is  strong. 

As  regards  children’s  clothing  in  the  tropics,  it  may  be  said  that  it 
should  be  soft,  light  and  loose.  Care  must  also  be  taken  to  see  that  it  is  warm 
enough,  for  children  are  specially  susceptible  to  changes  in  temperature.  In 
other  respects  it  must  conform  to  those  hygienic  rules  for  children’s  clothing 
which  are  generally  recognized,  though  unfortunately  not  always  practised. 
In  hot  weather  cotton  gauze,  which  is  a  loosely  woven  material,  is  best  for 
under-clothing  as  the  child’s  sensitive  skin  is  very  liable  to  prickly  heat.  During 
the  cooler  weather  and  throughout  the  rainy  season  a  light  flannel  is  preferable, 
being  warm  and  at  the  same  time  absorbent  and  porous.  To  prevent  the 
uncovering  of  the  body  at  night  and  the  danger  of  chill  it  is  well,  in  the  case  of 
older  children,  to  provide  pyjamas  made  in  one  piece  of  thin  flannel  or  nun’s 
veiling.  For  infants  a  running  tape  at  the  bottom  of  the  nightgown  will 
suffice  (Harston). 

It  is  but  rarely  that  one  can  wear  any  form  of  mackintosh  with  comfort 
during  rain  in  a  hot  country.  Probably  as  good  a  form  as  any  is  the  poncho  so 
universally  worn  in  South  America.  The  seams  of  waterproof  clothing  should 
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be  stitched,  not  merely  stuck  together.  A  method  of  waterproofing  ordinary 
materials  is  described  by  Lukis  and  Blackham  and  is  said  to  produce  garments 
which  protect  well  from  the  rain  and  yet  are  permeable  to  air  and  can  stand 
moderate  washing.  The  following  is  the  process  : 

Take  five  ounces  of  lanoline  or  wool  fat  and  dissolve  in  a  gallon  of  petrol. 
Immerse  the  clothing  in  the  solution.  Wring  the  garment  out  and  allow  the 
excess  of  solvent  to  evaporate  in  the  air. 

Waterproof  capes  are  useful  when  marching  through  bush  country  in  the 
early  morning  when  the  leaves  are  often  drenched  with  heavy  dew. 

2.  Exercise.  A  certain  amount  of  regular,  daily  exercise  in  the  open  air  is 
essential  for  the  preservation  of  good  health  in  the  tropics.  It  aids  the  body 
to  expel  effete  matter  by  quickening  intestinal  peristaltic  action  and  thereby 
preventing  constipation  ;  by  inducing  more  rapid  respiration  and  thereby 
leading  to  a  greater  excretion  of  C02  and  organic  matter  ;  and  by  stimulating 
the  skin  which  is  yet  another  channel  for  the  discharge  of  effete  products.  By 
these  means  exercise  lessens  any  irritation  of  the  central  nervous  system  and 
improves  appetite  and  the  power  for  work.  Its  physiological  effects  under 
tropical  conditions  have  formed  the  subject  of  research  at  Townsville,  North 
Queensland,  and  have  already  received  brief  mention  in  chapter  I. 

It  should  be  taken  in  the  early  morning  or  late  afternoon  and  must  not  be 
overdone.  A  great  mistake  frequently  made  by  new  arrivals  in  the  tropics, 
especially  young  men,  is  to  indulge  in  exercise,  such  as  hard  games  of  tennis, 
until  they  are  unduly  fatigued.  The  result  is  exhaustion  of  vital  force  and  even 
fever  from  an  accumulation  of  waste  material  in  the  blood. 

Riding  is  probably  the  ideal  exercise  for  the  tropics  as  nearly  every  muscle 
of  the  body  comes  into  play  and  yet  the  strain  on  the  heart  is  not  heavy.  Where 
it  is  unobtainable  recourse  must  be  had  to  lawn  tennis,  golf,  and  cycling.  The 
game  of  4  squash  ’  provides  a  maximum  of  exercise  in  a  minimum  of  time,  but  has 
the  disadvantage  of  being  played  in  an  area  enclosed  by  high  walls.  It  is  only 
suitable  for  particularly  healthy  and  vigorous  young  men  and  should  never  be 
played  to  excess.  Cricket  is  apt  to  necessitate  too  long  an  exposure  to  the  sun, 
while  football  and  hockey  can  only  be  played  during  the  cool  period  of  the  year 
and  must  be  classed  as  occasional  pastimes. 

Special  care  has  to  be  taken  to  avoid  chill  after  exercise.  When  feasible 
it  is  best  to  have  a  change  at  once  and  a  warm  bath  or  rub  down.  Failing  this, 
a  sweater  or  overcoat  should  be  donned. 

Shooting,  fishing,  and  other  recreations  classed  under  sport  are  all  very 
useful  in  the  way  of  combating  monotony,  and  frequently  provide  a  change  of 
scenery  which  enhances  their  value. 

The  hygiene  of  the  march  comes  to  some  extent  under  this  heading. 
Briefly,  certain  of  the  principles  governing  men  marching  in  the  tropics  are  : 

(i)  Where  feasible,  it  is  a  good  thing  to  get  the  first  part  of  the  march 
completed  before  sunrise.  This  has  the  disadvantage  of  a  start  in  the  dark 
or  semi-darkness,  but  the  latter,  save  in  the  case  where  anopheline  mosquitoes 
are  numerous,  is  only  a  slight  drawback  compared  with  the  advantages  gained. 
Men  should  be  encouraged  to  relieve  themselves  before  starting.  Actual  night 
marching,  at  least  in  the  case  of  military  operations,  is  to  be  avoided  owing 
to  the  loss  of  sleep  it  entails.  It  is  well,  wherever  possible,  to  finish  the  march 
about  4  o’clock  in  the  afternoon.  In  this  way  the  camp  can  settle  down  before 
dark,  the  evening  meal  can  be  taken  in  comfort  while  it  is  yet  light,  and  the 
traveller  is  ready  to  get  inside  his  mosquito-net  as  the  dusk  of  evening  gathers. 
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(ii)  A  hot  drink  of  well  sweetened  tea  or  coffee  should  be  taken  along  with 
biscuits  before  starting.  Persons  on  shooting  trips  should  ha\  e  a  fairly  sub¬ 
stantial  meal  in  addition. 

(iii)  Two  and  a  half  miles  an  hour  including  halts  is  very  good  speed  for 
a  body  of  men  in  the  tropics.  Individuals,  however,  can  well  manage  three 
miles  an  hour  and  in  parts  of  Central  Africa  porters  in  good  condition  easily 
maintain  this  speed  over  comparatively  short  distances  -nine  to  twelve  miles. 

(iv)  The  start  and  finish  of  the  march  should  be  slow. 

(v)  European  troops  in  the  tropics  should  not  be  burdened  with  equipment. 
It  is  sufficient  if  they  carry  their  arms  and,  at  the  utmost,  a  light  pack.  Hence 
it  is  not  necessary  to  halt  them  early  in  the  march  in  order  to  adjust  equipment. 
Halts,  usually  given  every  hour,  should  be  short,  say  five  minutes,  as  otherwise 
men  get  stiff.  A  longer  halt  may  be  granted  when  half  the  march  has  been 
completed  and,  if  possible,  it  should  be  taken  beside  water  and  in  the  shade. 

In  the  case  of  African  porters  the  average  load  should  weigh  about  50  lb. 

(vi)  The  necessity  for  marching  in  open  order  is  greater  in  the  tropics  than 
elsewhere  both  on  account  of  the  heat  and  the  dust.  Two  files  of  a  column  of 
fours  should  march  on  either  side  of  the  road  and  the  intervals  between  ranks 
should  be  wide. 

(vii)  Helmets,  shirts,  spine-pads  and  4  shorts  ’  are  usually  worn  on  the 
march.  The  shirts  should  be  open  at  the  neck  and  the  sleeves  may  with  advantage 
be  rolled  up  above  the  elbows,  provided  the  skin  has  become  acclimatized  to 
a  hot  sun.  Sir  David  Bruce  recommends,  when  on  the  march  in  Africa,  the 
use  of  a  loose  khaki  shirt  made  low  and  open  at  the  neck,  reaching  only  as 
low  as  the  hips,  and  worn  outside  the  shorts.  A  pleasant  current  of  air 
passes  from  below  upwards  and  is  found  cooling  and  comforting. 

In  the  case  of  troops  unused  to  hot  climates  those  parts  of  the  skin,  such 
as  that  of  the  knees  and  forearms,  exposed  to  the  solar  rays  should  be  protected 
by  vaselin,  crude  lanolin  or  some  similar  oily  preparation. 

(viii)  Lelean  lays  stress  on  the  rhythm  of  the  march,  i.  e.,  alternate  marching 
in  step,  marching  at  ease  and  marching  to  song.  The  first  two  are  practicable 
in  the  tropics,  but  marching  and  singing  at  the  same  time  is  apt  to  make  men 
very  thirsty  and  should  only  occasionally  be  encouraged. 

(ix)  Both  alcohol  and  tobacco  should  be  forbidden  when  on  the  march. 
If  bad  in  temperate  climates  they  are  infinitely  worse  under  tropical  conditions. 

(x)  Instead  of  the  soap  which  is  usually  employed  as  a  preventive  against 
blistered  feet  it  is  well,  in  certain  parts  of  Africa  at  least,  to  use  a  salve  containing 
5  drops  of  lysol  or  of  Liquor  Cresoli  Saponatus  to  the  ounce  of  vaselin,  as  this 
ointment  appears  to  afford  some  protection  against  chiggers.  The  preparation 
known  as  Phenofax  is  of  value  in  this  connexion. 

A  form  of  exercise  too  often  neglected  in  the  tropics  is  that  associated  with 
intellectual  pursuits.  Methodical  and  systematic  intellectual  exercises  are 
of  great  value  in  preventing  the  mental  staleness  and  brain  stagnation  which 
too  often  accompany  residence  in  hot  climates.  They  serve  to  combat  monotony, 
to  excite  ideas,  to  prevent  degeneration  and  decay.  Hence  the  value  of  lectures, 
debates,  concerts,  etc.  The  man  with  a  scientific  hobby  has  no  time  to  feel  ill 
or  depressed,  and  it  is  always  advisable  that  men  in  lonely  out-stations  should 
have  some  intellectual  interest  over  and  above  their  work. 

If  it  is  concerned  with  their  surroundings,  botanical,  zoological,  ethnological, 
etymological  or  geological,  so  much  the  better.  It  would  be  well  if  all  European 
residents  in  the  tropics  had  some  scientific  knowledge,  however  elementary, 
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as  it  can  usually  be  applied  more  readily  and  in  a  more  interesting  manner 
than  in  temperate  regions. 

In  the  case  of  children  systematic  education  should  be  limited  to  the  morning 
hours,  but  they  should  be  encouraged  at  all  times  to  be  observant.  Intellectual 
quickening  is,  however,  not  so  necessary  in  their  case.  As  a  rule  the  brains  of 
white  children  in  the  tropics  tend  to  be  too  active  and  do  not  require  much 
stimulation. 

3.  Cleanliness.  The  daily  bath  is  both  agreeable  and  necessary.  It  should 
be  tepid  or  warm,  for  few  Europeans  in  the  tropics  can  tolerate  cold  bathing. 
This  is  specially  true  of  those  who  have  suffered  from  malaria  and  still  harbour 
parasites.  In  their  case  a  relapse  is  very  apt  to  follow  a  cold  bath.  The  latter 
is  also  contra-indicated  in  the  case  of  those  who  suffer  from  any  form  of  enteritis, 
nephritis,  hepatitis,  the  myocardial  degeneration  not  uncommon  in  persons  of 
later  middle  age,  and  obesity.  Cold  bathing  is  unsuitable  for  infants,  children, 
and  old  people.  As  a  rule  the  bath  is  taken  twice  daily,  in  the  morning  before 
breakfast  and  in  the  evening  before  dinner,  but  it  can  be  indulged  in  at  any  time 
except  after  meals  while  the  stomach  is  still  digesting  food.  Strong,  healthy 
people  often  derive  benefit  from  a  comparatively  cold  sponge  or  spray  after 
the  warm  bath.  It  removes  the  feeling  of  lassitude  which  the  warm  bath 
sometimes  induces. 

A  soap  which  will  not  irritate  the  skin  should  be  chosen.  Those  with  delicate 
or  sensitive  skins  should  employ  a  super-fatted  soap.  The  evening  bath  for 
children  should  have  a  temperature  of  about  90°  F.  in  the  hot  weather.  During 
the  cold  season  a  warmer  bath  is  better. 

In  hot  climates  it  is  advisable  to  follow  the  native  custom — common  in  so 
many  parts  of  the  tropical  world— of  shaving  the  axillae.  Not  only  does  this 
tend  towards  comfort  but  it  prevents  the  risk  of  acquiring  those  fungus  diseases 
of  the  hair,  the  trichonocardiases,  so  common  in  the  tropics.  The  introduction 
of  safety  razors  has  made  it  easy  to  keep  the  axillae  free  of  hairs,  and  this  practice 
has  undoubtedly  much  to  commend  it. 

The  hygiene  of  the  mouth  is  of  special  importance  in  the  tropics,  where 
fermentative  processes  are  more  common  and  active  than  in  cold  climates. 
Pyorrhoea  alveolaris  is  a  very  common  complaint  in  hot  countries  and,  in 
part  at  least,  is  not  infrequently  the  result  of  neglect  of  dental  hygiene. 

A  more  serious  condition  is  the  necrotic  process  affecting  the  alveolar  and 
buccal  mucous  membrane  and  associated  with  the  presence  of  spirochsetes 
and  fusiform  bacilli.  This  is  also  more  apt  to  occur  in  persons  who  do  not  keep 
their  mouths  in  a  cleanly  state. 

The  toothbrush  should  be  used,  and  properly  used,  both  morning  and  night. 
It  is  important  to  brush  the  inner  as  well  as  the  outer  aspect  of  the  teeth.  The 
type  of  brush  known  as  the  ‘  Prophylactic  ’  is  designed  to  reach  the  dental 
interspaces,  but  a  much  more  efficient  method  of  cleansing  these  pockets  of 
putrefaction,  as  they  may  be  termed,  is  by  the  aid  of  dental  floss.  The  waxed 
silk  put  up  in  small  glass  receptacles  with  metal  tops  furnished  with  4  cut-offs 
and  sold  under  the  name  of  Lister  or  New  Era  dental  floss  is  invaluable  for 
people  living  in  the  tropics  (fig.  5).  The  silk  thread  should  be  passed  between 
the  teeth,  every  interspace,  and  especially  those  which  are  narrow,  being 
carefully  treated.  Thereafter  the  toothbrush  should  be  used. 

Deposits  of  tartar  should  receive  attention,  the  teeth  being  ‘  scaled  ’  before 
such  deposits  have  time  to  do  harm  in  the  way  of  loosening  the  teeth  or  exposing 
their  roots.  Indian  natives  suffer  much  from  tartar  deposit  and  pyorrhoea, 
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probably  on  account  of  their  carbohydrate  diet  favouring  fermentation  and 
their  neglect  of  the  principles  above  enunciated.  Acid-formmg  bacteria  appear 
to  play  an  important  part  in  causing  dental  caries,  so  that  antiseptic  and, 
at  the  same  time,  alkaline  tooth  pastes  or  powders  and  mouth-washes  are 

mchcate  wdi  ^  chUdren  to  clean  their  teeth  after  every  meal,  and  it  is 

necessary  to  curb  any  inordinate  appetite  for  sweets  and  chocolates,  which 
are  so  frequently  taken  between  meals  and  tend  to  favour  dental  caries  and 

to  lead  to  pyorrhoea. 

4  Prevention  of  chill  and  regulation  of  the  bowels.  Chill  is  often  the 
beginning  of  trouble  in  the  tropics,  and  as  a  rule  it  is  due  to  carelessness  The 
old  tropical  resident  has  learned  by  experience  how  to  take  care  of  himself,  but 

the  newcomer  is  often  rash  and  foolish,  neglects 
the  sweater  or  warm  wrap  after  exercise,  or  when 
there  is  a  sudden  fall  of  temperature,  and  suffers 
accordingly.  The  resulting  congestive  effects 
are  more  commonly  seen  in  the  case  of  the 
abdominal  organs  than  the  lungs.  The  liver  or 
the  bowels  are  apt  to  pay  the  penalty  of  neglect¬ 
ing  this  most  important  precaution.  Children 
frequently  kick  the  bedclothes  off  at  night  and, 
if  improperly  clad,  are  very  apt  to  suffer  from 
diarrhoea,  the  result  of  a  chill  and  consequent 
upset  of  4  the  delicate  vasomotor  balance  main¬ 
tained  between  the  peripheral  cutaneous  circu¬ 
lation  and  the  splanchnic  system  ’  (Harston). 

A  proper  regulation  of  the  bowels  conduces 
greatly  not  only  to  good  health  in  the  tropics 
but  to  the  power  of  withstanding  the  depressant 
effects  of  a  hot  climate.  In  this  connexion  it  is 
interesting  to  note  that  experiments  with  mon¬ 
keys  show  that  an  accumulation  of  intestinal 
toxins  leads  to  a  lowered  resistance  to  climatic 
influences.  It  is  impossible  to  lay  down  any 
general  rules  as  regards  the  regulation  of  the 
bowels  because  persons  differ  so  greatly,  but 
it  may  be  said  that  the  desired  effect  should  be  secured  by  proper  training  and 
by  appropriate  dietetic  methods,  including  a  reduction  in  proteids,  rather  than 
by  the  ingestion  of  drugs.  This,  of  course,  is  true  in  all  climates  but  is  perhaps 
specially  so  in  the  tropics,  for  there  purgatives  should  be  used  with  care.  Occa¬ 
sionally  they  act  much  more  strongly  than  might  be  expected  and  have  an 
exhausting  effect.  This  may  be  the  case  even  with  such  a  household  remedy 
as  castor  oil. 

5.  Sleep  and  rest.  A  sufficiency  of  sound,  unbroken  sleep  at  night  is  one 
of  the  best  preventives  against  the  ill  effects  of  tropical  climates.  Unfortun¬ 
ately  it  is  sometimes  hard  to  obtain.  In  the  plains  during  the  height  of  the 
Indian  summer  the  hot  sultry  nights  make  it  difficult  to  obtain  proper  rest 
even  under  a  punkah  or  electric  fan.  In  the  Sudan  during  certain  months 
the  dust-storms,  or  haboubs,  may  truly  be  said  to  make  night  hideous, 
and  they  effectually  banish  sleep.  Violent  and  frequent  thunderstorms  often 
rouse  the  sleeper  in  the  tropics  while  the  mosquito-net  adds  to  his  discomfort. 


Fig.  5.  Medicated  dental  floss 
in  special  receptacle  with  cut-off 
on  cap.  Wellcome  Bureau  of 
Scientific  Research.  (Copyright.) 
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In  this  connexion  it  may  be  mentioned  that  Whyte  demonstrated  an  increase 
in  the  amount  of  organic  matter  in  the  air  inside  a  mosquito-net  as  compared 
with  that  in  the  air  outside  it.  According  to  recent  work,  however,  the  discom¬ 
fort  is  really  due  to  the  net  shutting  off  currents  of  air  which  make  for  coolness. 
As  Leonard  Hill  has  shown,  the  question  of  comfort  is  dependent  on  (1)  air  move¬ 
ment,  (2)  vapour  pressure  of  the  air,  (3)  radiation.  Nets  should  be  roomy  and 
lofty.  A  mosquito-proof  room  or  large  enclosure  is  much  better  than  a  net  and 
permits  the  use  of  an  electric  fan  or  punkah.  Very  often,  where  nets  are  not 
available,  mosquitoes  and  sand- flies  effectually  preclude  sleep.  When  the  nights 
are  hot  and  still  it  is  well  to  substitute  a  blanket  for  the  mattress,  as  this  aids 
the  circulation  of  air. 

Eight  hours’  continuous  sleep  is  required  by  most  people  in  the  tropics  and, 
as  the  day  begins  early,  late  hours  should  be  avoided,  for  they  tend  to  produce 
insomnia,  and  the  latter  often  heralds  a  breakdown.  Customs  differ  in  different 
countries  as  regards  the  daily  siesta.  In  some  parts  of  the  tropics  it  is  discarded 
altogether,  in  others,  notably  in  India,  it  is  almost  universal.  A  good  deal 
depends  upon  the  race.  The  Spanish-American  is  easy  going  and  would  not 
readily  miss  his  daily  nap,  the  more  energetic  Anglo-Saxon  may  dispense  with 
it.  No  hard  and  fast  rule  can  be  laid  down  regarding  it  save  that  it  is  very 
necessary  for  European  women,  if  they  are  to  preserve  their  looks  and  vitality, 
and  for  white  children.  If  possible,  it  should  never  be  indulged  in  immediately 
after  a  meal.  It  is  best  taken  before  the  midday  meal.  If  this  is  impossible  then 
at  least  an  hour  should  elapse  after  lunch  before  one  lies  down  to  sleep. 

Apart  from  actual  sleep  the  value  of  quiet  rest  should  be  recognized,  and 
when  rest  is  taken  in  the  tropics  it  should  be  in  a  recumbent  posture,  either 
in  the  depths  of  a  long  chair  with  the  feet  raised  or  on  a  couch.  A  rest  of  this 
kind,  perhaps  combined  with  a  smoke,  often  soothes  and  refreshes  the  jaded 
worker. 

6.  Food.  The  question  of  food  in  the  tropics,  so  far  as  the  individual 
European  is  concerned,  is  a  difficult  one  to  discuss,  for  customs  vary  greatly 
in  different  tropical  countries  and  custom  is  something  which  cannot  be  lightly 
set  aside  as  of  no  scientific  value.  Further,  the  diet  of  different  European  races 
perpetuates  original  differences  even  in  tropical  countries,  while  yet  again 
individuals,  of  whatever  race,  vary  considerably  in  their  capacity  for  dealing 
with  certain  articles  of  diet.  Hence  it  is  only  possible  in  a  book  of  this  kind 
to  deal  with  general  principles  and  merely  so  far  as  these  are  concerned  with 
that  prophylaxis  against  climatic  effects  which  forms  the  subject  of  this  chapter. 
At  the  same  time  they  are  very  important,  for  it  is  generally  agreed  that  regulation 
of  diet  is  the  most  weighty  factor  in  acclimatization. 

For  one  thing,  there  is  little  doubt  that  the  digestive  powers  are  scarcely 
so  vigorous  in  warm  as  in  cold  climates.  It  is  true  that  this  may  be  due  rather 
to  a  monotonous  dietary  than  to  mere  climatic  influences,  for  it  is  possible 
that  a  sameness  in  the  food  may  tend  to  exhaust  the  particular  juices  required 
for  its  digestion,  but,  even  so,  the  fact  remains  that  large  quantities  of  food 
are  usually  not  well  borne  in  the  tropics. 

For  another  thing,  it  seems  clear,  despite  statements  to  the  contrary,  that 
the  food  required,  while  supplying  sufficient  nourishment,  should  be  such  that 
it  produces  a  minimum  of  heat.  The  constituents  of  the  diet  representing  sources 
of  heat  are  the  proteids,  the  carbohydrates,  and  the  fats.  Of  these  the  fats 
and  oils  are  much  the  most  important.  While  1  grm.  of  proteid  or  carbolry  (Irate 
has  a  heat  value  of  41  calories,  the  figure  for  1  grm.  of  fat  is  9-3.  Hence  the 
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quantity  of  fats  and  oils  taken  should  be  diminished,  otheiwise  obesity, 
dyspepsia,  and  an  over-production  of  heat  may  result,  though  in  countries 
where  much  irritating  sand  is  apt  to  be  swallowed  a  certain  amount  of  oil 
in  the  dietary  is  beneficial.  It  is  worth  noting  that  fats  vary  in  consistency. 
The  fat  of  bacon  is  granular  and  easily  absorbed,  that  of  mutton  is  often  heavy. 
The  fat  of  chicken  and  of  game  is  prone  to  decomposition. 

Mention  has  already  been  made  of  the  distaste  for  animal  food  so  frequently 
noticed  in  hot  climates.  To  some  extent  this  is  possibly  due  to  a  poor  quality 
of  meat  and  to  monotony  in  cooking,  but,  in  all  probability,  it  is  in  part  a  physio¬ 
logical  effect.  Speaking  generally,  bodily  activity  is  diminished  in  the  tropics 
and  so  there  is  less  waste  and  less  necessity  for  that  nitrogenous  food  which 
plays  the  chief  part  in  the  process  of  repair.  Further,  the  proteins  stimulate 
metabolism  and  are  thus  indirectly  important  producers  of  heat.  Hence, 
for  both  reasons,  the  proteid  material  should  also  be  diminished.  An  excessive 
meat  diet  is  very  harmful  unless  the  body  is  being  actively  exercised.  How¬ 
ever  good  the  digestion,  only  a  portion  of  the  meat,  which  for  practical 
purposes  may  be  taken  to  represent  the  protein,  is  converted  in  the  stomach 
into  albumoses  and  peptones.  These  peptones  undergo  further  change  in  the 
small  intestine  and  are  quickly  absorbed  in  the  form  of  such  substances  as 
leucin,  tyrosin,  xanthin,  tryptophan,  uric  acid,  etc.,  which  nourish  the  various 
nitrogenous  tissues  and  fluids  of  the  body,  provide  the  materials  required 
for  growth  and  repair  and,  to  a  certain  extent,  are  sources  of  energy  and 
heat.  Protein,  however,  is  little  concerned  in  the  formation  of  fat  and 
glycogen  and,  when  sufficient  carbohydrate  is  present,  any  absorbed  protein, 
in  excess  of  body  needs,  is  excreted  as  effete  matter  by  the  kidneys. 

But  if  the  meat  diet  is  excessive  there  will  be  undigested  food  in  the  bowel 
along  with  unabsorbed  peptones,  albumoses,  and  the  above-mentioned  crystalline 
substances.  Putrefaction  occurs  and  various  poisons  are  produced  by  further 
metabolic  action  so  that  we  have  the  condition  known  as  intestinal  toxaemia. 
The  liver  fails  to  deal  with  the  toxic  substances,  amongst  which  indol,  putrescin, 
and  cadaverin  may  be  mentioned,  and  they  pass  into  the  blood,  producing  well- 
known  symptoms  which,  however,  are  often  diagnosed  as  of  neurasthenic 
origin. 

It  has  been  well  said  that  the  indigenous  products  of  a  tropical  country  are 
more  suitable  as  food  for  the  inhabitants  than  any  which  can  be  imported  from 
another  country  having  a  totally  different  climate.  Within  limits  this  is  true 
also  for  European  residents,  but  it  must  always  be  remembered  that  their  activities 
differ  from  those  of  the  native  in  many  particulars  and,  further,  that  some 
tropical  countries  furnish  very  little  sustenance  of  any  kind.  Where,  however, 
nature  has  been  lavish  we  find  that  carbohydrate  foods,  as  contained  in  cereals 
and  fruits,  bulk  most  largely.  In  other  words,  the  nourishment  provided 
consists  chiefly  of  sugar  and  starch,  and  it  is  from  these  substances  that  the 
white  man  in  the  tropics  should  chiefly  draw  his  nutriment.  The  change  from 
the  dietary  of  a  cold  country  to  one  suitable  for  a  warm  climate  should  be 
made  gradually.  A  surfeit  of  carbohydrates  must  be  avoided.  Many  persons 
on  first  arriving  in  the  tropics  suffer  from  an  undue  indulgence  in  such  a  starchy 
fruit  as  the  banana.  Just  as  it  takes  time  to  adapt  oneself  to  a  different  climate 
so  it  takes  time  to  become  used  to  an  altered  dietarv. 

When  we  come  to  translate  the  above  principles  into  terms  of  actual  food¬ 
stuffs  a  table  given  by  Ghosh  will  be  found  useful.  He  points  out  that  in  India 
the  proportion  of  animal  food  in  a  suitable  mixed  dietary  should  be  less  than 
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1  in  4,  and  gives  the  following  scale  of  daily  diet  required  for  ordinary 


WORK  : 

Amount. 

Proteid. 

Fat. 

Carbohydrate . 

Bread  . 

8  oz. 

0*64  oz. 

0-12  oz. 

4  oz. 

Meat  . 

.  6  „ 

1*6  „ 

0-9  „ 

Cheese  . 

•  1  „ 

0-31  „ 

0-28  „ 

Eggs  . 

two 

01  „ 

0-23  „ 

Butter 

.  3  oz. 

0  03  ,, 

2-7  „ 

Potatoes  (or  other 

vege- 

tables) 

.  8  „ 

0-44  ,, 

0-36  „ 

2-8  oz. 

Milk  . 

•  8  „ 

0-32  „ 

0-28  „ 

0-37  „ 

Rice 

•  4  „ 

0-4  „ 

0  032  ,, 

3-3  „ 

Fish  . 

.  3  „ 

0-54  „ 

0  09  ,, 

In  countries  like  the  Sudan  or  Mesopotamia,  where  there  is  a  distinct  winter 
season,  a  considerably  larger  quantity  of  meat  may  be  taken  with  advantage 
during  the  cold  weather.  Indeed,  there  is  often  a  craving  for  animal  food  under 
such  conditions  ;  but  it  is  well  to  note  that  this  may  be  due  in  part  to  the  poor 
nutritive  quality  of  the  available  beef  or  mutton,  so  that  too  much  is  often  taken 
in  an  attempt  to  supply  the  bodily  needs.  Sugar  is  a  most  valuable  article 
of  diet  in  the  tropics,  and  especially  so  for  men  on  the  march  or  undertaking 
heavy  manual  labour.  Preserved  dates  and  dried  figs  are  valuable  sources  of 
sugar  and  it  is  wonderful  how  much  can  be  accomplished  when  these  only  are 
available,  provided  plenty  of  hot  liquid  can  be  obtained  at  the  same  time. 

Consideration  of  special  food-stuffs  is  better  deferred  to  the  section  dealing 
with  4  Food  ’  under  the  heading  4  Minor  Tropical  Sanitation  ’,  but  it  is  advisable 
to  say  something  as  regards  the  feeding  of  infants  and  of  children  in  the  tropics, 
though  only  from  the  climatic  point  of  view. 

Harston  states  that  breast-fed  infants  thrive  well  as  a  rule  and  that  the 
quality  of  the  milk  of  European  mothers  in  the  tropics  compares  very  favourably 
with  that  of  human  milk  in  temperate  climates.  He  quotes  in  support  a  table 
giving  the  results  of  analysis  carried  out  in  Manila  in  the  case  of  American 
women.  This  table  also  shows  that  the  proportion  of  proteid  is  less  in  nursing 
mothers  in  the  tropics,  but  the  percentage  of  fat  is  much  higher,  observations 
which  Harston  himself  has  confirmed.  He  believes  that  the  healthy  European 
mother  should  suckle  her  infant  in  the  tropics  and  that  both  benefit  thereby. 
On  the  other  hand,  the  results  obtained  by  Jacob  in  Panama,  working  under 
Darling’s  supervision,  are  not  in  agreement  with  those  shown  in  the  Manila 
table.  In  Panama  it  was  found  that  the  average  milk  of  the  coloured  woman 
is  richer  than  that  of  American  women,  and  that  the  milk  of  the  latter  tends 
to  deteriorate  in  quality  as  the  infant’s  age  increases.  Great  variation  also 
was  found  in  the  quality  of  the  milk  in  different  mothers,  and  it  is  stated  that 
artificial  feeding  in  part  or  in  whole  is  a  necessity  in  Panama.  It  is  clear  that 
each  case  must  be  judged  on  its  merits,  and  that  it  is  very  important  to  have 
the  mother’s  milk  analysed  if  the  child  is  not  thriving.  There  can  be  no  doubt 
that  the  European  mother  should  nurse  her  child  for  two  months  at  least,  but 
not  infrequently  this  is  impossible  and  then  recourse  must  be  had  to  a  wet-nurse 
or  to  artificial  feeding.  The  greatest  care  has  to  be  taken  in  the  selection  of 
wet-nurses  in  the  tropics,  and  both  the  nurse  and  her  child  must  be  examined 
for  signs  of  disease,  the  clinical  examination  being  reinforced  by  such  laboratory 
tests  as  may  be  thought  necessary. 

Opinions  vary  as  regards  the  best  type  of  artificial  feeding  for  European 
infants  in  the  tropics  (p.  260).  Of  course,  if  good  and  pure  cow’s  milk  can  be 
obtained  from  sanitary  dairies,  then  it  should  be  used  diluted  and  sweetened  in 
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the  usual  way.  It  is,  however,  comparatively  rarely  available,  and,  even  when  it 
is  forthcoming,  samples  should  be  carefully  analysed,  for  it  frequently  differs  from 
the  milk  of  cows  in  temperate  climates.  It  is  usually  more  concentrated  and  the 
percentage  of  total  solids  and  of  fat  is  higher.  Failing  cow’s  milk,  goat’s  milk, 
which  is  often  procurable,  may  be  tried  and  has  much  to  commend  it,  notably 
because  its  casein  forms  a  flocculent  curd  and  not  hard  cheesy  masses.  Hence 
it  is  more  easily  digested  than  cow’s  milk.  The  cream  is  in  finer  globules  than 
is  the  fat  of  cow’s  milk  and  thus  it  is  not  so  much  in  evidence,  but  the  quantity 
is  ample.  The  goat  is  practically  immune  to  tuberculosis,  is  a  cleanly  animal, 
and,  if  properly  fed  and  looked  after,  will  not  eat  garbage  or  soiled  fodder,  and 
its  milk  under  these  conditions  is  quite  palatable  and  can  be  4  humanized  ’ 
and  used  with  advantage. 

All  agree  that  buffalo  milk  is  unsuitable  owing  to  its  very  high  fat  content. 

Deeks  of  Panama  states  emphatically  that  the  whole  group  of  malted  milk 
and  prepared  infant  foods,  owing  to  their  high  carbohydrate  content,  is  to  be 
avoided  in  the  tropics.  In  Panama  it  was  found  that  infants,  even  when  they 
could  assimilate  such  foods,  became  fat  and  inactive,  with  slow  and  difficult 
dentition,  and  suffered  from  constipation  or  occasional  attacks  of  diarrhoea. 

In  cases  of  gastro-enteritis  in  China,  Maxwell  has  found  Mellin’s  food 
excellent  given  either  with  or  without  milk.  He  is  opposed  to  the  use  of  con¬ 
densed  milk,  but,  as  Carnegie  Brown  says,  the  disadvantages  of  condensed  milks, 
i.  e.  their  high  4  caloric  ’  value  and  deficiency  in  proteids,  are  to  some  extent 
neutralized  in  a  hot  climate.  There  the  metabolism  of  carbohydrates  is  more 
active  and  the  demand  for  proteids  may  be  longer  delayed  without  harm  to 
the  child. 

As  a  matter  of  fact,  sweetened  condensed  milks  answer  very  well  in  many 
cases,  provided  the  preparation  is  properly  adjusted  to  the  age  of  the  child. 
They  keep  better  than  the  unsweetened  varieties  but  must,  of  course,  be  protected 
from  flies  and  ants.  A  little  anti-scorbutic,  i.  e.  orange  or  lemon,  not  lime-juice, 
from  time  to  time  is  indicated.  It  should  be  remembered  that  no  condensed 
milks  are  absolutely  sterile,  but  good  brands  are  of  course  free  from  pathogenic 
organisms,  are  derived  from  healthy  cows,  and  are  prepared  in  a  cleanly  manner. 
Fluid  sterilized  milks  have  been  for  a  good  many  years  on  the  market.  They 
have  the  disadvantage  of  being  expensive,  and  have  not  come  much  into  use 
for  infant-feeding.  Dried  milks  are  now  employed  to  a  considerable  extent.1 

Banana  flour  is  a  useful  food  for  infants  and  can  be  readily  prepared  in  the 
form  of  a  decoction  as  a  diluent  for  cow’s  milk.  A  heaped  tablespoonful  (1  oz.) 
of  the  crude  flour  is  rubbed  up  with  a  pint  of  water  and  then  boiled  for  five 
minutes.  In  the  Philippines  coco-nut  milk  is  used  to  a  limited  extent  as  a  food 
for  native  infants.  The  suggestion  has  been  made  that  this  substance  merits 
careful  investigation,  as  it  may  possess  nutritional  value  (Musgrave  and  Rich¬ 
mond).  It  is,  however,  prone  to  fermentation. 

Other  aspects  of  infant-feeding  do  not  call  for  consideration  here,  as  they 
are  common  both  to  tropical  and  temperate  climates,  but,  both  in  the  case  of 
infants  and  of  older  children,  the  importance  of  supplying  enough  water  cannot 
be  too  strongly  insisted  upon.  There  is  a  form  of  constipation  amongst  children 
in  the  tropics  which  is  due  to  lack  of  water.  Parents  often  do  not  realize  how 
much  moisture  the  child  loses  from  its  lungs  and  its  skin,  nor  do  they  remember 

1  Both  Harston  and  Blackham  testify  to  the  value  of  dried  milk  as  a  food  for  infants 
in  the  tropics.  Blackham  s  paper,  which  also  advocates  dried  milk  for  use  on  long  voyages, 
will  be  found  in  the  Journal  of  the  Royal  Sanitary  Institute,  Vol.  XLI,  No.  2,  September  1920, 
p.  84.  It  furnishes  useful  information  on  the  preparation,  varieties,  constitution,  and  uses  of 
this  product. 
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that  the  urine  is  concentrated.  The  loss  must  be  made  good,  the  kidneys 
require  flushing  to  prevent  irritation,  and  water  should  be  given  freely  and 
abundantly,  though  only  in  moderation  during  meals. 

As  regards  the  diet  of  older  children  it  should  be  remembered  that  the 
appetite  is  apt  to  be  capricious,  though  this  is  often  merely  the  result  of  fatigue, 
the  digestion  sluggish,  and  that  a  craving  for  spiced  foods,  which  should  be 
combated,  is  often  present.  On  the  other  hand,  the  food  available  is  never  so 
nutritious  as  that  forthcoming  in  temperate  climates.  The  heat  probably  affects 
the  sympathetic  nervous  system  and  profoundly  disturbs  growth  and  nutrition. 
The  skeleton,  as  Harston  points  out,  grows  at  the  expense  of  other  parts  of 
the  body,  and  there  is  a  deficiency  of  fat,  which  has  been  drawn  upon  by  the 
child  to  make  up  for  the  low  food-value  of  its  diet.  As  Aron  says,  4  A  child 
which  does  not  increase  in  weight,  or  which  increases  slowly,  is  so  under-nourished 
that  part  of  its  body  substances  is  being  consumed — the  child’s  body  does  not 
have  the  normal  composition,  it  contains  a  higher  content  of  water,  a  higher 
percentage  of  bones,  and  a  lower  content  of  fat  and  muscular  tissues.  To 
feed  such  a  child  properly  it  is  necessary  to  replace  water  in  its  body  by  fat  and 
proteid  ;  for  a  certain  increase  in  weight  it  will  need  more  food  than  a  normal 
child  of  the  same  weight.’ 

7.  Drink.  The  necessity  of  giving  plenty  of  water  to  infants  and  children  has 
been  mentioned,  and  an  ample  supply  is  also  required  by  adults  in  the  tropics. 
The  quantity  needful  will  vary  greatly  according  to  climate,  general  surround¬ 
ings,  work,  &c.,  and  no  definite  figures  can  be  given.  Hunt  made  some  observa¬ 
tions  during  the  hot  weather  in  the  Deccan,  India,  where  there  is  a  very  low 
percentage  of  moisture,  and  found  that  Europeans  living  in  tents  and  taking 
a  considerable  amount  of  physical  exercise  consumed  not  less  than  three  gallons 
of  water  per  head  per  day.  This  was  the  quantity  laid  down  for  British  troops 
in  Mesopotamia,  but,  as  the  Medical  Advisory  Committee  pointed  out,  the 
physiological  needs  of  the  body  might  well  demand  a  larger  quantity  of  fluid 
during  the  summer  heat.  The  quantity  of  water  supplied  to  troops  should 
never  be  stereotyped  in  such  a  country  as  Mesopotamia.  Even  with  three 
gallons  a  day  the  excretion  of  urine  is  by  no  means  abundant  and,  as  has  been 
indicated,  free  flushing  is  most  important  in  dry,  hot  countries.  Hunt  points 
out  that,  in  some  circumstances,  as  much  as  1-32  gallons  is  required  to  neutralize 
the  mere  heat  of  metabolism,  quite  apart  from  the  heat  added  to  the  body  by 
radiation  and  conduction.  As  the  large  water  reserve,  chiefly  stored  in  the 
muscles,  is,  when  used  up,  only  slowly  replaced,  it  is  necessary  to  inflict  as  few 
restrictions  on  drinking  as  possible.  In  a  still,  moist  atmosphere,  however, 
where  evaporation  is  at  a  minimum,  the  ingestion  of  large  quantities  of  water 
may  merely  increase  the  discomfort  induced  by  a  sodden  skin  and  sodden 
clothes. 

Beverages  must  now  be  considered,  pride  of  place  being  given  to  alcohol. 
Save  in  the  case  of  the  old  and  feeble  alcohol  is  not  a  necessity  in  the  tropics. 
It  is  a  luxury  and,  like  other  luxuries,  may  at  times  be  beneficial,  but  it  must 
always  be  taken  in  moderation,  and  it  is  better  avoided  until  sundown.  The 
question  of  how  much  alcohol  an  individual  can  imbibe  without  harm  resulting 
depends  chiefly  on  the  activity  of  his  emunctories,  and  it  is  little  use  laying 
down  rules  on  the  subject,  although  doubtless  it  is  true  that,  generally  speaking, 
the  body  can  deal  with  one  and  a  half  ounces  of  absolute  alcohol  daily.  Beer, 
it  must  be  remembered,  is  a  food  as  well  as  an  alcoholic  beverage.  There  is 
no  reason  why  a  glass  of  light  beer,  a  whisky  and  soda,  or  a  little  light 
wine  should  not  be  drunk  with  the  evening  meal.  Alcohol  taken  at  this  time 
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often  promotes  appetite  and  aids  digestion,  but  alcohol  between  meals  is  bad, 
chiefly  perhaps  because  a  habit  of  exceeding  the  daily  allowance  is  thereby 
apt  to  be  engendered.  It  is  largely  a  question  of  self-control,  and  it  must  be 
remembered  that,  in  the  tropics,  self-control,  so  far  as  drinks  are  concerned,  is 
very  apt  to  weaken.  It  is  true  that  many  men  in  the  tropics  can  and  do  consume 
cocktails,  liqueurs,  spirits  and  other  forms  of  alcoholic  beverage,  in  quantities 
which  are  undoubtedly  immoderate,  for  considerable  periods  without  much 
apparent  harm ,  but  close  scrutiny  of  such  cases  will  show  that  their  power  of 
work  is  lessened,  and  that  eventually  the  alcohol  begins  to  take  toll  of  them  both 
physically  and  mentally.  They  use  alcohol  as  a  source  of  energy  and  thereby 
deprive  their  bodies  of  essential  food-stuff s.  Further,  if  acute  disease  attacks 
a  man  of  this  class,  who,  let  it  be  remembered,  is  not  necessarily  in  any  sense 
of  the  word  an  alcoholic,  it  will  find  him  an  easier  victim  than  the  man  who  is 
abstemious.  Apart  from  the  question  of  its  habitual  use,  alcohol  is  often  of 
great  service  as  a  restorative,  as,  for  example,  after  a  fatiguing  march,  especially 
if  one  has  got  wet  and  chilled.  Champagne  is  possibly  the  best  form  to  take 
on  such  occasions,  and  it  should  be  used  as  an  aperitif  or  drunk  along  with 
food.  Old  people  in  the  tropics  often  require  alcohol  in  small  quantities,  but  in 
their  case  it  is  a  medicine  rather  than  a  beverage. 

Little  need  be  said  about  tea,  coffee,  and  cocoa,  all  of  which  when  taken  in 
moderation  are  excellent  and  useful  beverages  in  the  tropics,  the  first  two 
especially  so.  On  the  march  they  are  best  sweetened.  Strong  c  Turkish  5  coffee 
made  with  sugar  is  an  excellent  stimulant,  and  may  be  drunk  with  advantage 
during  the  forenoon  in  those  hot,  dry  countries  where  it  is  the  custom  to  work 
from  9  a.m.  to  1.30  or  2  p.m. 

Aerated  drinks  are  useful  to  some  extent,  and  the  carbonic  acid  they  contain 
may,  if  not  in  excess,  aid  digestion.  In  the  tropics,  however,  far  too  much 
aerated  water  is  often  consumed,  and  flatulence  and  other  forms  of  dyspepsia 
are  thereby  induced. 

It  is  worth  noting  that  in  the  tropics  a  very  cold  drink,  however  agreeable, 
is  not  so  efficient  a  thirst-quencher  as  one  which  is  merely  pleasantly  chilled, 
and  that  a  hot  drink  usually  assuages  thirst  better  than  either.  It  is  advisable 
that  ice  should  not  be  added  directly  to  drinks.  They  should  be  cooled  in  an 
ice-chest  or  similar  receptacle. 

CHAPTER  3 

GENERAL  TROPICAL  PROPHYLAXIS 

Synopsis  :  Inoculation,  p.  27  ;  Vaccination,  p.  27  ;  Mosquito-net,  p.  27  ;  Mosquito 
and  fly  veils,  p.  80  ;  Other  anti-mosquito  equipment,  p.  30 ;  Clothing,  p.  30  ;  Water  equip¬ 
ment,  p.  31  ;  Food  equipment,  p.  32  ;  Drugs,  p.  32  ;  Miscellaneous,  p.  34 ;  Native  servants, 
p.  35  ;  Care  of  quarters,  p.  35. 

Under  this  heading  information  is  furnished  briefly  regarding  some  of  the 
prophylactic  measures  which  should  be  adopted  by  persons  going  to  the  tropics, 
after  their  arrival  in  hot  countries  or  during  their  return  to  temperate  regions. 
It  deals  chiefly  with  matters  of  equipment,  the  use  of  drugs,  care  of  quarters, 
and  other  subjects  having  a  bearing  on  personal  hygiene  but  which  have  not, 
so  far,  received  attention.  It  is  impossible  to  formulate  rules  or  make  suggestions 
applicable  to  every  tropical  region  of  the  world.  All  that  can  be  done  is  to 
give  some  general  indications  on  these  points  and  to  differentiate  where  necessary 
between  the  requirements  for  the  dry  and  the  moist  tropics. 
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Inoculation.  Every  one,  but  more  especially  young  adults,  proceeding  to 
a  tropical  country  should  be  inoculated  against  4  enterica  ’,  an  army  term 
which  includes  typhoid  fever  and  the  two  well-recognized  paratyphoid  fevers 
A  and  B.  Even  those  who  have  suffered  from  typhoid  fever  should  undergo 
the  so-called  triple  inoculation,  for  an  attack  of  enteric  fever  does  not  protect 
from  the  paratyphoid  infections,  neither  does  inoculation  merely  with  a  typhoid 
vaccine  ;  hence  in  all  cases  the  combined  vaccine  should  be  employed. 

It  is  probable  that  ere  long  an  efficient  and  non-toxic  vaccine  against  bacillary 
dysentery  will  be  available,  presumably  of  a  polyvalent  type,  and,  if  so,  it 
would  seem  advisable  to  recommend  that  advantage  should  be  taken  of  its 
protective  powers,  especially  in  the  case  of  those  who  propose  to  visit  what  may 
be  called  the  4  wild  ’  tropics  and  are  likely  to  undergo  hardships  and  exposure. 

Inoculation  against  cholera  is  on  rather  a  different  footing.  Cholera  in  the 
tropics  is  a  disease  with  a  distinct  seasonal  incidence,  and  it  should,  as  a  rule, 
be  possible  to  arrange  for  the  inoculation  to  be  done  in  the  country  where  the 
person  is  resident  and  at  a  time  immediately  prior  to  the  period  when  the 
disease  is  likely  to  make  its  appearance. 

In  the  case  of  prophylactic  inoculation  against  plague  somewhat  similar 
considerations  apply.  As  a  rule  only  those  brought  closely  into  association 
with  plague  require  to  undergo  inoculation. 

Vaccination.  It  is  very  necessary  that  those  going  to  tropical  countries 
should  be  vaccinated  against  smallpox,  unless  they  have  suffered  from  the 
disease  or  have  been  successfully  vaccinated  not  more  than  a  year  before  the 
intended  date  of  arrival  in  the  tropics.  The  risk  of  contracting  smallpox  is 
much  greater  in  the  latter  than  in  temperate  climates,  owing  to  the  prevalence 
of  the  disease  amongst  native  communities. 

Mosquito-net.  The  provision  of  a  good  mosquito-net  is  one  of  the  most 
important  of  prophylactic  measures.  For  ordinary  use  in  civil  life  the  large 
oblong  form  (fig.  6)  is  best.  Where  protection  against  mosquitoes  only  is 
required  a  good  stout  mesh  containing  at  least  16  holes  to  the  linear  inch  should 
be  chosen.  If  the  net  is  for  use  in  a  country  where  sand-flies  ( Plilebotomus ) 
abound,  the  mesh  should  be  of  very  fine  but  strong  material  and  should  have 
22  holes  to  the  linear  inch.  The  colour  is  immaterial,  but  for  those  who  have 
to  travel  about  a  green  net  is  useful  as  a  white  one  soon  gets  dirty  and  then 
looks  disreputable. 

Every  net  should  possess  an  extension  of  stout  calico  attached  to  its  lower 
edge  and  at  least  two  feet  in  depth.  The  lower  part  of  this  calico  fringe  is 
tucked  under  the  mattress  or  blanket  upon  which  the  sleeper  lies.  The  upper 
part,  when  the  net  is  in  position,  serves  to  protect  the  sleeper  from  being  bitten 
(fig.  6).  In  its  absence  some  part  of  his  body,  usually  an  arm  or  a  foot,  is 
very  apt  to  come  into  contact  with  the  net  and  be  readily  accessible  to  mosquitoes 
through  the  meshes.  In  some  nets  the  upper  foot  of  calico  is  continued  upwards 
outside  the  mesh,  an  arrangement  which  helps  to  prevent  the  net  tearing  at  the 
junction  of  the  mesh  and  the  calico. 

Objections  are  often  raised  to  this  protective  belt  of  calico  on  the  score  that 
it  tends  to  make  the  net  very  hot,  but  its  advantages  usually  outweigh  its 
disadvantages,  especially  in  very  malarial  countries  where  anophelines  are 
numerous. 

In  the  dry  tropics  the  top  of  the  net  may  be  of  mesh,  in  the  moist  tropics 
it  is  best  made  of  calico.  When  sleeping  out  on  the  decks  of  river  steamers  it 
is  an  advantage  to  have  the  roof  of  the  net  composed  of  stout  calico,  for  sparks 
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from  the  funnel  are  very  apt  to  alight  on  the  top  of  the  net,  and  naturally  holes 
are  burned  in  mesh  much  more  readily  than  in  thick  cotton.  e  net  is  usua  y 
hung  from  rods  forming  a  frame  above  the  bed.  It  is  of  great  importance  that 
the  net  should  be  hung  inside  the  framework  and  not  stretched  over  the  outsi  e 
of  it.  Most  people  who  are  going  to  live  in  the  tropics  for  any  time  take  camp- 
beds  with  them,  and  it  is  important  to  see  that  these  are  furnished  with  mosquito 
rods,  as  makeshifts  obtained  locally  are  usually  very  unsatisfactory,  and  a 
mosquito-net  badly  slung  is  a  source  of  much  annoyance  and  may  lose  much 
of  its  value  as  a  protective  agent.  As  a  rule  it  is  an  unsatisfactory  state  ol 
matters  when  a  mosquito-net  has  to  be  tucked  under  a  blanket.  Hence  when 


Fig.  6.  Mosquito-net  hung  inside  frame  and  provided  with  calico  strips. 

Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 

purchasing  a  camp-bed  a  mattress  should  be  obtained.  Those  made  of  cork 
are  apt  to  be  hard  and  cold.  There  is  a  type  stuffed  with  flock  which  is  com¬ 
fortable,  warm,  and  holds  the  net  down  well  when  the  bed  is  occupied.  Those 
who  intend  travelling  4  light  ’  in  the  tropics  or  who  are  engaged  in  military 
duties  may  require  4  bivouac  5  nets.  Probably  the  most  satisfactory  form  is 
the  latest  Salonika  type  (fig.  7),  which  has  been  devised  as  the  result  of  much 
experience  in  intensely  malarious  regions.  The  mosquito  umbrella  tent,  the 
nature  of  which  is  sufficiently  indicated  by  its  name  and  by  fig.  8,  may  be 
mentioned  as  a  usefnl  contrivance,  easily  packed  and  transported.  Mosquito- 
nets  to  fit  inside  bell-tents  and  other  forms  of  tents  can  also  be  obtained.  A  form 
described  by  Sir  David  Bruce  and  designed  to  fit  the  shape  of  an  ordinary 
double-roof  ridge  tent  (fig.  9)  may  be  specially  mentioned.  It  is  attached  by 
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hooks  and  eyes  to  the  tent  walls.  He  recommends  a  variety  of  net  for  camp  life 
which  is  converted  into  a  closed  bag  by  sewing  it  to  a  floor  or  base  of  calico. 
The  net  in  front  is  double  for  about  three  feet,  the  two  curtains  overlapping, 
and  the  user  slips  in  between  them.  The  mattress  rests  on  the  calico  base  or 
floor  of  the  net,  the  overlapping  parts  of  which  have  a  wide  margin  of  calico 
which  is  tucked  under  the  mattress  after  getting  into  bed. 


(a)  Salonika  pattern  bivouac  mosquito-net  for  two  persons,  covered  with 
two  bivouac  sheets  pitched  and  showing  dug-out.  The  ledges  forming  the 
beds  are  excavated  to  a  depth  of  9  inches  and  the  central  trench  for  accom¬ 
modating  the  feet  for  sitting  to  a  depth  of  18  inches.  Sand-fly  nets  containing 
22  holes  to  the  linear  inch  were  also  used. 


( b )  Net  lowered.  (c)  Net  raised. 

Fig.  7.  Salonika  pattern  mosquito-net. 


The  veranda  of  a  double-roof  ridge  tent  may  be  mosquito-proofed  by 
means  of  a  net  permanently  attached  to  the  tent.  The  external  doorway  of 
the  room  thus  formed  has  three  overlapping  layers  of  net  to  exclude  flies  or 
other  insects.  There  is  a  similarly  guarded  internal  opening  communicating 
with  the  interior  of  the  terit.  The  canvas  of  tents  can  be  made  waterproof  by 
painting  with  the  following  mixture,  as  recommended  by  Lelean  : 


Lamp  black  . 
Driers  . 

Linseed  oil  . 
Soap 


.  .  .  .  56  lb. 

7  lb. 

(dissolved  in  water  5  pints). 

2  gal 
2  lb. 
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Fireproofing  can  be  secured  by  the  use  of  a  solution  of  ammonium  chloiide  or 
phosphate  (1  oz.  to  1  pint)  in  which  the  material  is  dipped  and  then  dried. 

Travellers  in  parts  of  South  America  will  find  hammocks  largely  used,  and 
should  note  that  there  is  a  type  of  net  constructed  for  use  with  hammocks 

Mosquito  and  fly  veils.  Under  certain  circumstances  these  will  be  found,  useful, 
and  one  of  the  best  types  is  the  1  Mosquinette  1  (figs.  10  and  11),  which  is  really 
a  hood,  and  is  both  effective  and  as  comfortable  as  such  a  contrivance  can  be. 
In  tsetse-flv  areas  this  form  of  headgear  is  very  useful,  and  as  employed  against 
house-flies  and  mosquitoes  it  has  the  advantage  that  it  can  be  worn  without 
undue  discomfort  when  a  person  is  lying  down  or  sleeping.  It  can  be  used  when 
the  head  is  uncovered  or  over  the  hat  or  helmet.  It  is  specially  indicated  in 
the  case  of  night  nurses  in  places  where  anophelines  are  numerous. 

Other  anti-mosquito  equipment.  Gloves  are  not  often  required,  shorts 
fitted  with  flaps  have  been  mentioned,  but  mosquito  boots  and  buskins  merit 

a  little  attention.  The  usual  type  of 
mosquito  boot  reaching  to  a  point  a 
little  below  the  knee  does  not  afford 
sufficient  protection  in  regions  where 
mosquitoes  are  very  numerous.  In 
such  places  long  boots  reaching  to  the 
top  of  the  thigh  and  worn  over  the 
nether  garments  are  required  (fig.  12). 
They  are  usually  made  of  soft,  un¬ 
tanned  leather,  but  a  closely-woven 
khaki  drill  answers  very  well.  They 
should  be  furnished  with  soles  and 
have  straps  on  the  outer  side  of  the 
uppers  so  that  they  can  be  attached 
to  the  trouser  buttons. 

In  the  case  of  women,  gaiters  or 
puttees  should  be  worn  unless  two 
pairs  of  stockings,  one  superimposed 
on  the  other,  are  employed. 

Women  in  sleeping-sickness  areas  should  always  protect  their  legs  and 
ankles  by  means  of  leggings,  gaiters,  or  puttees. 

Clothing.  Clothing  in  its  relation  to  prophylaxis  against  the  effects  of 
tropical  climates  has  already  been  considered,  but  it  is  well  to  note  that  persons 
proceeding  to  the  tropics  should  on  no  account  neglect  to  take  warm  clothing 
with  them.  In  many  tropical  countries  the  nights  at  certain  periods  of  the  year 
are  bitterly  cold,  and  in  some  of  the  hottest  countries  in  the  world,  as,  for  example, 
the  Sudan  and  Mesopotamia,  there  are  days  in  the  winter  season  with  very 
chilly  mornings.  Even  if  never  used  in  the  tropics  warm  clothing  is  certain 
to  be  wanted  when  returning  to  temperate  climates,  and  very  often  it  cannot 
be  obtained  abroad.  Civilians  will  usually  require  to  take  with  them  a  thin 
and  a  thick  tweed  or  serge  suit,  some  flannel  and  khaki  drill  suits,  the  latter 
with  riding-breeches  as  well  as  trousers.  Cotton  and  silk  clothing  for  external 
wear  is  as  a  rule  best  obtained  in  the  tropics.  Evening  dress  suits  should  be 
provided  with  kummerbunds  as  well  as  waistcoats.  A  waterproof  with  stitched 
seams  and  sometimes  a  waterproof  cape  will  be  necessary. 

As  regards  underwear  it  is  important  to  take  plenty  of  it,  for  undervests 
and  drawers  wear  out  very  rapidly  in  the  tropics,  having  to  be  so  frequently 


Fig.  8.  Mosquito-proofed  umbrella  tent. 
Edgington  pattern. 
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changed  and  washed.  The  class  of  material  required  has  been  mentioned. 
Both  thin  and  thick  socks  are  a  necessity.  A  helmet  should  form  part  of  the 
original  outfit.  The  best  type  has  already  been  considered.  On  ordinary 
occasions  brown  boots  are  used,  and  at  least  two  pairs  should  be  stout  and 
strong.  The  stitching  in  boots  rots  rapidly  in  the  tropics,  and  a  thoroughly 
satisfactory  tropical  boot  has  yet  to  be  invented.  A  good  supply  of  dubbin  is 
indicated.  The  way  in  which  green  mould  gathers  on  boots  and  other  leather 
articles  in  the  moist  tropics  during  the  rainy  season  is  remarkable,  and  a  copious 
application  of  boot-grease  helps  to  keep  it  in  check. 

Unlined  indiarubber  boots  (gum-boots)  reaching  to  the  knees  will  be  found 
very  useful  both  by  men  and  women  proceeding  to  the  tropics.  They  are 
of  special  value  in  camp  at  night  as  they  are  easily  slipped  on  and  afford  protec¬ 
tion  against  snakes  and  scorpions  as  well  as  against  wet  and  mud. 


Fig.  9.  Double-roof  ridge  tent  without  veranda.  Edgington  pattern. 

The  remarks  made  about  warm  clothing  apply  even  more  forcibly  in  the 
case  of  women,  whose  tropical  clothing  is  usually  very  thin  and  who  are  apt 
to  be  careless  in  protecting  themselves  against  chill. 

Water  equipment.  It  used  to  be  the  fashion  for  nearly  every  one  proceeding 
to  the  tropics  to  procure  a  filter.  Now  a  filter  is  always  a  potential  danger. 
If  one  is  going  to  reside  under  settled  conditions  where  filter  candles  can  be 
properly  looked  after  there  is  no  objection  to  the  use  of  a  reliable  type  such 
as  the  Doulton  or  the  Pasteur  Chamberland  with  pump,  stirrup,  and  spare 
candles.  The  Berkefeld  is  not  reliable  and  should  not  be  used.  It  is  better, 
however,  to  boil  any  water  which  is  doubtful,  and  a  more  generally  useful  piece 
of  equipment  than  a  filter  is  a  water  cooler.  Earthenware  coolers  can  be  got 
locally,  but  a  canvas  bag  or  bucket  which  can  be  filled  with  water  and  hung  up 
in  the  shade,  exposed  to  such  a  breeze  as  may  exist,  should  form  part  of  the 
outfit.  A  felt-covered  siphon  can  be  made  to  serve  the  same  purpose,  but 
is  more  expensive  and  cumbersome. 

Water  sterilization  can  be  carried  out  by  chemical  agents.  Sulphate  of 
soda  tablets  have  their  uses,  especially  perhaps  in  countries  where  there  is  a  risk 
of  schistosome  infection.  Halazone,  which  liberates  free  chlorine,  can  be 
employed  if  carefully  used,  but  it  is  somewhat  unstable  under  tropical  con¬ 
ditions. 
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It  is  well  to  have  ready  at  hand  some  lactic  acid,  vinegar,  or  dilute  hydro¬ 
chloric  acid  when  residing  or  travelling  in  countries  where  cholera  is  endemic 
or  epidemic.  The  lactic  acid  may  be  added  to  tea,  the  vinegar  or  dilute  hydro¬ 
chloric  acid  to  the  drinking  water. 


Some  form  of  rough  water 
strainer  such  as  cotton  cloth 
should  be  available  for  the  use  of 
those  travelling  in  parts  where 
infestation  with  guinea-worm  is  to 
be  feared  and  where  it  may  not 
always  be  easy  to  boil  the  water. 

A  ‘  Sparklet  ’  bottle  with 
a  supply  of  4  Sparklets  ’  may  be 
considered  a  luxury,  but  its  use 
serves  to  improve  an  unpalatable 
water  and  the  aeration  effected 
possibly  aids  digestion  and  im¬ 
proves  appetite.  Alum  for  clearing 
water  should  be  carried.  Lastly, 
a  large  felt-covered  iron  or  alu¬ 
minium  WATER  BOTTLE  with  a 
screw  top  should  be  provided. 
Certain  precautions  which  have  to 
be  taken  in  sterilizing  water  in  such 
a  bottle  by  means  of  chemical 
agents  will  be  considered  later 
(see  Water).  Hence  attention  may 
be  directed  to  the  Lyster  water 
sterilizing  bag  which  was  re¬ 
cently  furnished  to  American  troops 
and  which  has  been  termed  ‘  an 
indispensable  article  of  equipment 
in  the  future  \  It  will  be  found 
described  in  the  section  dealing 
with  water  (p.  117),  and  would 
appear  likely  to  prove  as  useful 
in  civil  life  as  it  has  done  under 
military  conditions. 

Food  equipment.  From  the  hy¬ 
gienic  point  of  view  we  need  only 
here  note  the  great  advantage  of 
adding  a  portable  mincing-machine 
to  any  tropical  outfit  and  the  value 
of  a  thermos  flask.  A  good  book  on 
cookery  is  likely  to  be  most  useful 
as  it  enables  the  tropical  resident  to  vary  his  menu,  a  most  important  matter. 

Drugs.  It  may  be  said  with  considerable  truth  that  the  fewer  drugs  used 
in  the  tropics  the  better.  If  the  principles  of  personal  hygiene  discussed  above 
are  carefully  and  intelligently  followed  there  should  be  little  need  for  prophy¬ 
lactic  medicines.  There  are,  however,  conditions  of  tropical  life  which  some¬ 
times  necessitate  the  use  of  drugs.  To  give  only  one  example.  Many  persons 


Fig.  10.  4  Mosquinette  ’  hood  with  perforation  to 
permit  of  drinking  or  smoking.  The  fabric  of  which 
the  net  is  composed  is  rendered  non-inflammable. 


Fig.  11. 


‘Mosquinette’  hood  as  worn 
during  sleep. 
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find  that  camel-riding  has  a  very  constipating  effect  and  that,  as  a  result, 
laxatives  are  required  during  journeys  made  by  camel. 

Although  owing  to  military  experience  in  the  field  it  is  now  the 
fashion  to  decry  the  value  of  quinine  as  a  prophylactic  in  malaria,  there 
can  be  no  doubt  of  its  utility  under  ordinary  peace  conditions  in  tropical 
countries  where  malaria  is  rife.  The  question  is  very  largely  one  of  dosage, 
the  dose  of  sporozoites  and  the  dose  of  quinine.  As  a  rule  the  former  is  not 
so  excessive  but  that  reasonable 
doses  of  quinine,  not  exceeding  10 
grains  a  day,  can  cope  with  the 
infection,  and  hence  quinine  pro¬ 
phylaxis  must  still  be  considered 
a  useful  part  of  personal  hygiene  in 
the  tropics.  It  is,  however,  not 
nearly  so  efficient  a  preventer  of 
malaria  as  the  systematic  use  of 
a  mosquito-net.  The  taking  of 
quinine  should  be  commenced  two 
or  three  days  before  reaching  the 
malarious  locality  and  should  be 
continued  for  some  time  after 
leaving  it.  The  actual  period  will 
depend  upon  circumstances,  but  a 
week  is  advisable. 

Some  form  of  mosquito  re- 
pellant  may  with  advantage  be 
added  to  the  outfit,  but  these  pre¬ 
parations  possess  only  a  limited 
value.  There  are  many  varieties,  of 
which  perhaps  ‘  Sketofax  ’  is  as  good 

as  any  on  the  market.  Bamber  oil, 

*/ 

which  consists  of  citronella  oil  lj 
parts,  kerosene  1  part,  and  coco-nut 
oil  2  parts,  with  1  per  cent  carbolic 
acid  added,  is  distinctly  useful  and 
can  as  a  rule  be  prepared  locally. 

An  insect  powder,  such  as  Keating’s, 
is  a  necessity.  Pyrethrum  powder 
which  is  very  deadly  to  ants  is  of 
value,  for  these  predaceous  creatures 

are  a  great  nuisance  in  the  way  of  attacking  food-stuffs,  while  experimentally 
they  have  been  shown  capable  of  conveying  the  bacilli  of  typhoid  fever  and 
of  cholera. 

Tincture  of  iodine  should  always  be  carried,  not  only  for  application  to 
wounds  and  abrasions,  but  because  it  allays  the  irritation  due  to  the  bites  of 
mosquitoes  and  sand-flies. 

In  some  tropical  countries  ticks  are  a  great  nuisance,  and  it  is  well  to  be 
furnished  with  some  oil  of  turpentine  in  order  to  make  them  loose  their  hold 
when  they  bury  their  rostra  in  the  skin.  Tick  cases  can  be  obtained  containing 
the  turpentine  and  also  the  instruments  and  dressings  required  for  dealing 
with  ticks  and  the  wounds  they  inflict. 


Fig.  12.  Long  mosquito  boots.  Wellcome 
Bureau  of  Scientific  Research.  (Copyright.) 
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PERSONAL  HYGIENE 


From  the  preventive  point  of  view  the  following  short  list  of  drugs  may 
be  given  : 


Quinine,  bihydrocliloride  or  bisulphate.  If 
in  compressed  form,  not  sugar-coated. 
Castor  oil, 

Sulphate  of  soda, 

Seidlitz  powders, 

Cascara  sagrada. 

Mercury  and  colocynth  pills, 

Colocynth  and  hyoscyamus  pills, 

Aloin  pills, 

Calomel, 

Rhubarb. 

Chlorodyne, 

Lead  and  opium  pills. 

Castor  oil  with  or  without  laudanum  or 
brandy. 

Caffeine  with  antipyrin  or  phenacetin. 
Boracic  acid. 

Tincture  of  iodine. 

Permanganate  of  potash. 

Gold  chloride. 


Alum. 

Sulphate  of  soda  tablets, 
Halazone. 

Insect  repellants. 
Insecticide  powders. 

Oil  of  turpentine. 
Sulphaqua  Bath  Charge. 


I 

{ 


For  malaria. 


For  constipation  and  disordered  liver. 

To  prevent  bilious  attacks,  toxic  headaches, 
etc. 


For  colic  and  diarrhoea. 

For  irritative  diarrhoea  apt  to  become  dys¬ 
enteric  or  choleraic. 

To  ward  off  congestive  and  heat  headaches. 

For  eye  hygiene  and  as  an  antiseptic  generally. 

As  an  application  for  wounds  and  abrasions 
and  insect  bites. 

As  a  general  antiseptic  and  for  use  in  snake 
bite  and  scorpion  sting. 

For  use  in  snake  bite.  Employed  only  in  the 
form  of  an  injection,  therefore  not  for  lay 


use. 

For  clearing  muddy  water. 

|  For  water  sterilization. 

For  mosquitoes,  sand-flies,  etc. 

For  lice,  fleas,  bed-bugs,  and  ants. 

For  ticks. 

For  prickly  heat.  Supplied  in  packets,  and 
highly  recommended  for  relieving  the 
irritation.  (Ryan.) 


Miscellaneous.  Pocket  cases  containing  toilet  papers  are  now  supplied, 
and  are  both  convenient  and  hygienic  as  the  paper  is  kept  clean  and  free  from 
dust,  an  important  matter  in  certain  tropical  countries. 

It  seems  advisable  to  state  that  a  sufficiency  of  towels  should  be  provided, 
for  towels  are  not  only  used  for  washing  purposes  in  the  tropics  but  have 
frequently  to  be  employed  for  the  dry  ‘  rub-down  and  a  good  supply  of  rough 
towels  adds  both  to  comfort  and  health.  A  portable  bath  is  a  necessity. 
A  good  sun  umbrella  is  a  useful  addition  to  a  man’s  outfit  and  is  a  necessity 
in  the  case  of  women. 

Dental  floss  has  been  mentioned.  An  ample  quantity  should  be  taken,  as 
it  can  rarely  be  obtained  abroad.  A  nail-brush  is  a  more  valuable  commodity, 
in  the  tropics  than  in  temperate  climates.  It  is,  indeed,  an  important  hygienic 
article,  and  cheap  varieties  should  be  avoided. 

An  electric  torch  with  spare  batteries  is  always  valuable.  In  some 
countries  its  use  at  night  will  diminish  the  risk  of  snake-bite,  while  it  is  an 
excellent  plan  to  take  it  to  bed  and  employ  it  inside  the  mosquito-net  in  a  search 
for  mosquitoes  before  settling  to  sleep. 

Smoked  or  tinted  spectacles  (goggles)  should  not  be  forgotten.  A  form 
which  protects  the  eyes  both  from  sun-glare  and  dust  should  be  chosen.  See 
section  on  Ophthalmology,  Vol.  III. 

A  small  first-aid  equipment  is  essential  and  should  include  temporary 
rubber  tooth  stopping.  Lastly  a  clinical  thermometer  may  be  included  in  this 
list  on  the  principle  that  forewarned  is  forearmed. 
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Native  servants.  Where  possible,  it  is  a  wise  precaution  to  have  native 
servants  medically  examined  before  engaging  them.  If  this  were  done  as 
a  routine  measure  the  risk  of  employing  servants  suffering  from  such  diseases 
as  leprosy,  tubercle,  bronchial  spirochsetosis,  syphilis,  and  so  forth  would  be 
lessened  or  obviated,  while  the  medical  man  might  also  be  able  to  detect  any 
applicants  who  were  victims  of  the  drug  habits  so  common  and  troublesome 
amongst  native  servants  in  certain  parts  of  the  tropics. 

Care  of  quarters.  The  motto  4  Where  ignorance  is  bliss  ’tis  folly  to  be 
wise  ’,  however  comforting,  is  not  applicable  when  it  becomes  a  question  of 
domestic  hygiene  in  the  tropics,  and  especially  of  the  inspection  of  kitchens 
and  their  annexes  and  of  servants’  latrines,  where  the  latter  exist. 

Where  regular  inspections  are  carried  out  native  servants  soon  learn  that 
it  pays  to  be  cleanly,  but  it  must  be  confessed  that  it  requires  a  great  deal  of 
energy  and  force  of  character  to  keep  them  up  to  the  mark.  Stables  usually 
require  a  good  deal  of  looking  after,  especially  as  regards  the  presence  of  4  fly 
nurseries  ’  in  or  about  them. 

Native  washermen  or  washerwomen  in  some  tropical  countries  have 
a  filthy  habit  of  squirting  water  from  their  mouths  over  clothes  which  are 
being  ironed.  As  it  is  exceedingly  difficult  to  check  this  insanitary  custom  it 
is  comforting  to  reflect  that  the  hot  iron  probably  obviates  any  actual  danger 
connected  with  it. 

Furniture  in  tropical  houses  should  be  light  and  easily  moved.  Pieces  of 
furniture  should  not  stand  close  up  against  walls,  for  then  mosquitoes  can  hide 
behind  them  undisturbed. 

Tanks,  cisterns,  and  other  water  receptacles  should  be  periodically  inspected. 

The  best  way  of  preventing  ants  from  getting  at  food-stuffs  on  tables  and 
dressers  is  to  place  the  legs  of  these  pieces  of  furniture  in  vessels  containing 
not  water  but  kerosene,  cresol,  sanitas-okol,  or  some  other  liquid  in  which 
mosquitoes  will  not  breed.  Mosquitoes  are  very  apt  to  rest  amongst  clothes, 
and  especially  dark-coloured  clothes  and  leather  articles.  When  these  are 
hung  up  against  a  wall  they  should  be  swathed  in  a  white  cloth  reaching  to  the 
ground,  as  this  to  some  extent  prevents  them  from  harbouring  mosquitoes. 

These  4  hygienic  hints  ’  might  be  greatly  extended,  but  the  more  important 
matters  have  been  mentioned,  and  considerations  of  space  preclude  further 
discussion  of  subjects,  some  of  which  may  appear  trivial,  but  none  ot  which 
should  be  ignored. 


SUB-SECTION  B 

MINOR  TROPICAL  SANITATION 

Introduction.  Considerations  of  space  have  made  it  necessary  to  curtail 
the  article  on  Tropical  Hygiene  in  many  directions.  The  subject  is  so  vast 
that  an  adequate  treatise  upon  it  would  easily  extend  to  the  size  of  the  complete 
volume  of  which  the  following  section  forms  a  comparatively  small  pait.  Under 
these  circumstances  it  has  been  thought  advisable  to  deal  solely  with  what  may 
be  called  4  Minor  Tropical  Sanitation  ’.  It  is  true  that  this  is  a  somewhat  elastic 
term,  and  it  is  also  true  that  much  which  it  includes  is  far  from  being  minoi  in 
importance,  but  the  title  is  a  convenient  one  and  permits  the  inclusion  ot  ccitain 
matters  not  always  dealt  with  in  books  on  tropical  sanitation  while  sanctioning 
the  exclusion  of  many  subjects  which  are  fully  explained  in  such  works. 
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HABITATIONS  AND  THEIR  ANNEXES 

Synopsis  :  European  houses — Site,  p.  36  ;  Materials,  p.  37  ;  General  considerations,  p.  38  ; 
Construction,  p.  39  ;  Mosquito-proofing  a  house,  p.  54. 

Annexes,  p.  58. 

Native  dwellings — Huts,  p.  60  ;  Designing  a  native  house,  p.  61  ;  Native  prisons,  p.  63. 

Camps,  p.  63. 

EUROPEAN  HOUSES. 

In  considering  the  erection  of  a  healthy  dwelling-house  for  Europeans  in 
the  tropics,  much  will  depend  on  whether  the  building  can  be  regarded  as 
a  separate  entity  or  has  to  be  viewed  as  part  of  a  settlement  and  its  relation  to 
its  neighbours  taken  into  account.  The  question  of  towns  and  town-planning 
lies  outside  the  scope  of  this  section  and  the  individual  house  alone  will  be 
considered. 

Site.  In  choosing  a  site  the  following  points  require  attention  : 

1.  The  opportunities  for  securing  a  good  water  supply. 

2.  The  facilities  existing  for  food  supply  and  for  the  removal  of  excreta  and 
refuse. 

3.  The  direction  of  the  prevailing  winds,  especially  with  reference  to  the 
situation  of  any  neighbouring  swamps  or  native  locations. 

As  regards  the  site  itself  it  is  desirable  that  : 

1.  The  soil  should  be  permeable  and  clean.  ‘  Made  ’  ground  must  be  avoided. 
Sandy  or  gravelly  soil  is  best.  Like  clay,  such  soil  bears  weight  well  but,  unlike 
clay,  it  is  porous  and  does  not  shrink  or  swell  with  changes  in  the  weather.  Such 
movements  taking  place  in  clay  cause  cracks  in  buildings  placed  upon  it. 

2.  The  situation  should  be  elevated,  preferably  on  a  slope  with  good  natural 
drainage,  not  in  any  hollow,  dry  and  with  a  cheerful  outlook.  Sometimes  the 
presence  of  dense  bush  makes  it  difficult  to  determine  levels.  In  such  a  case 
the  ground  which  keeps  driest  at  the  height  of  the  rainy  season  should  be  selected, 
so  long  as  it  is  not  near  a  swamp.  If  this  cannot  be  done  it  may  be  better  to 
choose  a  site  on  lower  ground  and  effect  a  good  clearance  of  vegetation  between 
it  and  the  swamp. 

3.  There  should  be  sufficient  air  space,  plenty  of  light,  and  a  free  circula¬ 
tion  of  air. 

4.  It  should  permit  of  the  house  facing  north  and  south. 

5.  In  order  to  avoid  excessive  humidity  it  should  be  a  certain  distance  from 
the  sea,  from  large  bodies  of  water,  and  from  swamps. 

The  evil  results  of  placing  houses  too  close  to  the  banks  of  tropical  rivers 
have  frequently  been  apparent  in  the  case  of  government  and  trading  posts. 
To  save  the  expense  and  trouble  of  transport,  houses  are  too  often  erected  near 
anopheline  nurseries  in  swampy  river  stretches  or  in  pools  left  by  the  falling 
river.  Moreover,  river  banks  are  very  apt  to  be  polluted  by  natives  and  various 
nuisances  thereby  created  in  close  proximity  to  European  dwellings.  Hence 
in  places  where  no  efficient  sanitary  staff  exists  a  site  near  a  river  bank  should 
only  be  chosen  when  a  careful  consideration  of  all  the  conditions  shows  that  it 
is  free  from  danger.  It  is  interesting  to  note  that  Shilluk  villages  on  the  White 
Nile  are  almost  invariably  situated  a  long  distance  from  the  river  bank. 
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6.  It  should  be  well  away  from  marshes,  rice  fields,  native  quarters,  stables, 
cowsheds,  and  other  places  which  are  apt  to  be  insanitary. 

7.  The  level  of  the  ground  water  should  be  constant  but  where  this  cannot 
be  secured,  then  the  ground  water  at  its  highest  level  should  not  approach  to 
within  less  than  8  feet  from  the  surface. 

Materials.  Some  of  these  possess  a  special  hygienic  importance  in  the 
tropics,  for  it  must  be  remembered  that  in  a  hot  country  a  house  both  absorbs 
and  gives  off  heat.  Under  each  condition  the  health  and  comfort  of  the 
inhabitants  may  be  affected. 

The  materials  themselves  vary  according  to  the  country  and  the  climate 
and  require  no  detailed  consideration  here. 

Mud  is  commonly  used,  either  alone  or  worked  up  with  chopped  straw  of 
some  kind.  When  employed  as  a  plaster  it  is  frequently  mixed  with  cow-dung. 
It  may  be  utilized  in  the  form  of  bricks  or  as  a  putty-like  mass  supported  by 
wattle-work  and  allowed  to  set  in  situ.  Bricks,  stone,  coral  rock,  concrete,  and 
wood  are  other  substances  used  for  foundations  and  walls. 

Pent  roofs  are  often  made  of  corrugated  sheet  iron.  Thatch  is  also  employed. 
In  Arab  countries  the  flat  roof  is  made  of  mud,  worked  up  with  cow-dung  or 
stable  manure  and  laid  on  boarding  or  on  straw  matting  and  rope  netting. 

Sand  bricks  for  house  walls  have  a  certain  vogue  in  Egypt  but  do  not  weather 
very  well.  The  use  of  cement  concrete  blocks  is  increasing  and  these  have 
many  advantages.  Hollow  concrete  blocks  are  said  to  have  little  superiority 
over  those  which  are  solid.  They  can,  however,  sometimes  be  employed  with 
advantage  for  interior  partition  walls. 

Houses  built  largely  of  wood  are  not  very  suitable  as  permanent  dwellings. 
They  rapidly  fall  into  disrepair,  are  apt  to  be  destroyed  by  termites  where 
these  exist,  tend  to  harbour  vermin,  and  become  very  inflammable. 

The  woods  used  in  house  construction  should  if  possible  be  indigenous. 
Whatever  wood  is  used  it  should  be  carefully  seasoned.  Other  materials 
commonly  entering  into  house  construction  are  tiles,  mortar,  cement,  plaster, 
asphalt,  felt,  canvas,  and  iron.  The  last,  in  the  form  of  girders,  is  often  used 
in  roof  construction  in  countries  where  flat  roofs  are  the  fashion.  The  use  of 
rolled  steel  joists  with  brick  arching  between  and  a  waterproofing  material 
over  all  has  proved  very  satisfactory.  In  places  where  timber  is  scarce  or  has 
become  very  expensive,  as  in  Burma,  reinforced  concrete  has  been  used  to 
replace  wooden  posts,  girders,  wall  plates  and  quarterings,  and  is  said  to  have 
proved  highly  successful.  Reinforced  concrete  also  finds  a  use  as  a  building 
material  in  countries  where  earthquakes  are  common  and  severe. 

Earthquake-proof  buildings  have  now  been  erected  in  several  tropical  towns, 
as,  for  example,  Kingston,  Jamaica  (fig.  13). 

It  should  be  noted  that  stone,  brick,  and  wood  are  bad  conductors  of  heat. 
They  warm  up  slowly  but  retain  the  heat  longer  than  good  conductors  such  as 
metals.  The  specific  heat  of  wood  compared  to  that  of  air  is  as  1  : 1-083.  Specific 
heat  is  the  amount  of  heat  needed  to  raise  the  unit-volume  (one  gramme  or 
one  cubic  centimetre)  of  any  substance  through  1°  C. 

The  question  of  materials  is  unfortunately  often  governed  chiefly  by  the 
local  conditions  rather  than  by  strict  hygienic  considerations,  but  it  is  desirable 
not  to  forget  the  latter  even  though  one  may  be  driven  4  to  cut  the  coat  to 
suit  the  cloth  ’  and  to  employ  whatever  may  be  readily  available  and  not  too 
expensive. 

In  a  dry  country  mud  has  many  advantages.  It  permits  ventilation  through 
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it  and  does  not  retain  and  radiate  heat  like  brick  or  stone.  It  is  cheap,  and 
houses  can  be  easily  constructed  from  it  even  when  there  is  very  little  in  t  e 
way  of  skilled  labour.  On  the  other  hand,  in  countries  where  the  rainfall  is 
heavy  it  is  better  to  employ  brick  or  stone.  Stone  is  cooler  and  more  durable 
than  brick  but  not  so  easily  handled  and  its  greater  weight  necessitates  a  stronger 
foundation.  It  is,  as  a  rule,  more  impervious  to  driving  ram  than  brick  and 
usually  has  a  better  appearance.  Door  and  window  fittings  are  more  readily 

adiusted  in  a  brick  or  stone  house  than  in  a  mud  dwelling. 

General  considerations.  Before  proceeding  to  the  question  of  construction 
certain  points  should  be  considered.  One  of  these  is  the  distance  of  the  house 
from  the  equator,  for  the  sun’s  movements  are  a  determining  factor  in  con¬ 
struction.  At  the  equator  the  angle  at  which  the  sun’s  rays  strike  a  house  is 


Fig.  13.  Earthquake-proof  buildings,  Kingston,  Jamaica.  Wellcome 
Bureau  of  Scientific  Research.  (Copyright.) 


not  the  same  as  in  the  case  of  a  house  situated  either  north  or  south,  near  one  of 
the  tropics,  and  this  fact  must  be  taken  into  account  when  constructing  roofs 
and  verandas.  In  latitudes  some  distance  north  of  the  equator  the  south  side 
of  the  house  must  be  protected ;  in  those  south  of  the  line  the  northern  aspect 
must  be  shielded  from  the  sun. 

The  direction  of  the  prevailing  winds  has  been  mentioned  in  relation  to  the 
site.  It  has  to  be  considered  when  building  the  house,  for  it  is  very  important 
that  the  wind  should  blow  through  it,  if  possible  in  an  oblique  direction 
(Schilling). 

Sometimes  in  planning  the  house  arrangements  can  be  made  whereby  the 
bedrooms  get  the  benefit  of  the  night  winds  while  the  living  rooms  are  cooled 
by  the  winds  which  blow  through  the  day.  Such  a  lay-out  is  very  desirable. 

As  a  rule  the  long  side  of  the  house  should  run  from  east  to  west.  Arab 
builders  in  desert  countries  sometimes  design  houses  the  main  bulk  of  which 
is  to  the  east,  the  building  tapering  to  the  west,  a  very  wise  provision  so  far  as 
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attaining  coolness  goes.  The  inconvenience  of  a  house  of  this  shape  may, 
however,  outweigh  its  hygienic  advantages.  Still  the  idea  is  worthy  of  con¬ 
sideration  in  designing  European  houses. 

It  has  been  said  that,  as  a  rule,  the  long  side  of  the  house  should  run  from 
east  to  west,  but  in  certain  parts  of  the  tropics  this  is  not  desirable,  and  in  this 
connexion  one  cannot  do  better  than  quote  the  remarks  of  Dr.  Cameron  Blair 
in  his  Sanitary  Report  of  the  Northern  Provinces ,  Nigeria ,  1917.  He  says  : 

‘  Attempts  are  always  made  to  have  buildings — particularly  residential  ones — 
oriented  correctly  where  possible.  In  the  greater  part  of  the  Northern  Provinces, 
however,  the  course  of  the  sun  is  to  the  south  of  the  straight  line  from  east  to  west. 
Were  a  building,  therefore,  oriented  truly  instead  of  correctly,  the  result  would  be 
that,  during  practically  two-thirds  of  the  year,  the  sun  would  run  parallel  with  the 
southern  veranda  ;  for  the  country  lies  between  the  Equator  and  the  Northern  Tropic. 
The  general  practice  aimed  at,  therefore,  is  to  cant  buildings  round  so  that  their  length 
lies  from  E.N.E.  to  W.S.W.  By  this  arrangement,  the  sun  can  only  penetrate  the 
eastern  end  of  the  southern  veranda  for  a  brief  space  in  the  early  morning  ;  and  the 
western  end  of  the  northern  one,  for  a  brief  space  in  the  afternoon  ;  the  lateral  walls 
thus  receive  a  minimum  of  direct  sun-rays.’ 

Such  an  arrangement  is,  of  course,  of  wide  application. 

It  is  a  great  matter  to  design  a  residence  which  shall  be  comfortable,  for 
club  life  in  the  tropics  too  often  tends  towards  alcoholism,  and  a  man  is  less 
likely  to  become  a  victim  of  this  habit  if  he  possesses  a  comfortable  abode. 

A  house  should  not  be  too  low,  for  a  moderate  height  ensures  better  perflation 
of  air.  In  most  parts  of  the  tropics  it  is  a  distinct  advantage  to  erect  a  two-storied 
house  because  houses  of  one  story  are  apt  to  be  infested  in  the  evenings  by  such 
insects  as  mosquitoes  and  Chironomidse.  One  can  usually  to  a  great  extent 
escape  the  attentions  of  these  pests  by  seeking  refuge  in  the  upper  part  of  the 
dwelling.  If  a  two-storied  house  can  be  obtained  it  is  an  advantage  to  protect 
the  doorways  and  windows,  or  at  least  the  windows,  of  the  lower  story  with  iron 
gratings  so  that  the  doors  and  windows  can  be  safely  left  open  at  night,  permit¬ 
ting  the  entry  of  comparatively  cool  night  air. 

An  interesting  experiment  in  tropical  ventilation  has  recently  been  carried 
out  by  Mr.  J.  Wallace,  C.E.,  of  Bombay,  in  the  case  of  a  flat-roofed  house.  A 
square  shaft  of  light  sheet-iron  10  feet  high  and  22  inches  square  was  set  up 
on  a  suitable  opening  in  the  roof.  The  air  within  had  a  temperature  of  97°  F., 
and  on  passing  out  of  the  shaft  it  was  raised  to  113°.  The  flow  of  air  was 
at  the  rate  of  26,850  cubic  feet  per  hour  during  the  hottest  part  of  the  day.  It 
would  thus  seem  that  it  is  possible  in  hot  climates  to  commandeer  the  sun’s 
energy  for  the  purpose  of  efficient  ventilation. 

In  countries  where  plague  occurs  it  is  unwise  to  permit  a  house  to  be  built, 
part  of  which  is  intended  to  serve  as  a  dwelling-place  and  part  as  a  shop. 

Construction.  In  many  tropical  countries  the  foundations  of  a  house  must 
be  carried  deep  enough  to  avoid  disturbance  owing  to  surface  cracks  in  the 
soil.  This  is  especially  the  case  when  the  latter  consists  of  sandy  clay.  A  depth 
of  from  3-6  feet  is  generally  sufficient  and  the  maximum  load  on  the  foundation 
should  not  exceed  1  ton  per  square  foot  (1  kilo  per  square  centimetre).  If 
necessary,  the  foundations  can  be  reinforced  with  steel,  which  serves  to  prevent 
cracking  of  the  walls. 

From  the  sanitary  standpoint  the  question  of  damp  in  relation  to  the 
foundation  has  to  be  considered.  The  term  foundation  includes  not  only  the 
footings  from  which  the  walls  rise,  but  also  the  soil  supporting  the  structuie 
of  the  house.  A  6-inch  layer  of  cement-concrete  extending  6  inches  beyond  the 
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footings  on  every  side  will  render  a  damp  site  impervious.  In  addition  it  is 
advisable  to  provide  a  good  solid  plinth  from  4-6  feet  high.  Sometimes  it  is 
considered  better  to  raise  the  house  on  pillars  or  arches  which,  like  the  plinth, 
protect  to  some  extent  against  damp  and  vermin,  especially  termites,  render 
the  house  more  accessible  to  breezes,  and  make  for  privacy  as  people  cannot 
so  easily  see  into  it. 

Pillars  and  arches  permit  free  ventilation  under  the  house,  but  too  often  the 
space  beneath  the  superstructure  becomes  a  receptacle  for  rubbish  of  all  kinds, 
or  is  neglected  until  it  becomes  unsightly.  It  is  well  to  cover  it  with  clean 
gravel  if  the  latter  can  be  obtained. 

Whatever  method  is  employed  damp-proof  courses  must  be  inserted  in  the 
walls  at  a  point  above  the  soil  level  but  below  the  floor  level.  This  impervious 
layer  should  be  laid  horizontally  through  the  entire  thickness  of  each  wall  or, 
if  the  wall  be  double,  through  the  entire  thickness  of  each  part,  to  j3revent  damp 
rising  in  the  walls,  which  otherwise  it  will  do  in  the  rainy  season,  attaining 
a  height  of  5  or  6  feet.  Nangle  has  pointed  out  that  the  level  of  the  damp-proof 
course  above  the  ground  outside  should  never  be  less  than  16 \  inches.  If  lower, 
the  rain  beats  up  from  the  ground  and  wets  the  walls  above  the  damp-proof 
course  thus  causing  rising  damp  in  the  wall.  The  damp-proof  course  may  consist 
of  any  material  impermeable  to  moisture  which  can  be  incorporated  in  the 
wall  and  is  strong  enough  to  withstand  the  pressure  of  the  superincumbent 
structure  without  breaking  or  being  squeezed  out  between  the  joints  and 
thereby  so  thinned  as  to  be  useless.  The  latter  fault  is  found  in  some  samples 
of  asphalt  which  soften  at  high  temperatures,  but  a  good  asphalt  may  serve  the 
purpose  in  a  layer  2  inches  thick,  and  it  has  the  merit  of  being  cheap. 

Cement,  slate,  enamelled  bricks,  sheet  lead,  perforated  stone-ware,  tiles, 
or  well  tarred  bricks  may  be  used. 

A  9-inch  brick  wall  unprotected  by  a  veranda  will  not  always  withstand 
driving  tropical  rain,  and  hence  should  be  rendered  waterproof  outside  or 
rough-cast  with  cement  and  sand.  4  Cork-stone  ’,  a  preparation  made  from  cork 
chips  and  cement,  has  been  recommended  for  facing  house  walls.  If  treated 
with  tar  or  asphalt  it  resists  damp,  but  its  crevices  are  apt  to  harbour  vermin. 

The  inner  surfaces  of  walls  are  usually  plastered  and  then  lime-washed  or 
whitewashed.  They  can  also  be  treated  with  oil  paint  or  special  preparations 
which  give  a  smooth,  easily  cleaned  surface.  A  plain  cement  plaster  painted  is 
probably  the  most  satisfactory.  Coloured  glazed  tiles  make  an  excellent  lining 
but  are  expensive.  It  is  important  to  avoid  covered  up  crevices  in  the  walls. 
Thus  behind  skirting  boards  plaster  should  always  be  carried  down  to  the 
floor  level  as  otherwise  a  cavity  is  left  which  often  harbours  dust,  mice,  and 
cockroaches. 

Double  walls  are  costly  if  built  of  brick,  but  a  thin  outer  and  inner  wall  of 
cement  has  been  suggested.  If  the  space  between  them  be  filled  with  sand 
or  asphalt  such  walls  are  heat-proof  and  do  not  harbour  rats.  They  can  be 
strengthened  by  the  introduction  of  supporting  iron  cross-bars. 

It  is,  however,  more  important  that  the  roof  should  be  double,  though  con¬ 
siderations  of  cost  often  make  it  difficult  to  realize  this  desideratum.  Roofs 
made  of  straw  thatch  or  palm  leaves,  though  cool  and  dry,  are  inflammable  and 
apt  to  harbour  vermin.  They  must  have  a  steep  pitch  as  otherwise  they  rot 
after  being  soaked  with  rain.  Most  other  types  of  roofs  may  have  an  inclination 
of  15°  to  30°,  save  in  those  parts  of  the  tropics  where  they  may  have  to  bear 
the  weight  of  snow — a  rare  occurrence. 
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A  corrugated  or  galvanized  iron  roof  is  hot,  ugly  unless  painted  an  agreeable 
colour,  and  heavy  rain  falling  on  it  makes  such  a  noise  that  it  may  be  impossible 
for  the  occupant  of  the  house  to  get  restful  sleep.  Moreover,  if  exposed  to  salt 
sea-air  in  the  tropics  corrugated  iron  rapidly  deteriorates. 

A  wooden  roof  below  the  corrugated  iron  portion  does  away  to  some  extent 
with  the  first  objection,  while  it  is  not  a  bad  plan  to  place  a  thatch  roof  either 
on  the  corrugated  iron  or  slightly  above  it,  provided  the  space  thus  formed 
does  not  become  the  home  of  bats  and  vermin. 


Fig.  14.  Bat-proof  house  with  special  type  of  ceiling,  as  designed  for  the 
southern  Sudan  by  Major  Thwaites,  R.E.,  attached  Egyptian  Army. 


Figs.  14, 15,  16,  17  show  a  type  of  house  designed  by  Major  Thwaites,  R.E., 
and  recently  erected  at  stations  in  the  southern  Sudan.  It  will  be  seen  that 
special  attention  has  been  paid  to  the  structure  of  the  roof.  The  design  is  a  good 
one  and  houses  with  these  roofs  have  proved  cool,  comfortable,  and  free  from 
vermin.  The  only  faults  are  that  the  portion  of  the  roof  forming  the  veranda  is 
not  ventilated,  and  that  the  construction  is  rather  costly.  The  space  between 
roof  and  ceiling  should  have  ventilating  openings,  which  must  be  protected 
against  the  entrance  of  birds,  bats,  and  other  vermin. 

Tiles  are  now  used  a  good  deal  in  the  case  of  sloping  roofs,  and  double-tiled 
roofs  have  been  suggested.  Tiles  require  a  pitch  of  45°  or  thereabouts,  and 
necessitate  heavier  supporting  woodwork,  so  that  they  are  expensive. 
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Slates  or  asbestos  slates  laid  on  a  slope  of  30°  may  be  tried,  but  good  slates 
cannot  often  be  obtained  in  the  tropics.  Red  asphalt  shingle  roofing  appears 
to  have  been  found  satisfactory  for  frame  buildings  m  the  Panama  Canal  zone. 

Flat  roofs  are  hotter  than  pent  roofs  and  do  not  adapt  themselves  so  well  to 
ventilation,  but  they  possibly  aid  in  the  dissipation  of  heat  during  the  mg  it 
and  they  form  excellent  sleeping  places  in  hot  weather.  When  so  used  they 
should  be  provided  with  some  kind  of  shed  or  shelter  to  protect  from  dust  and 
rain  and  to  shield  against  the  rays  of  the  early  morning  sun  in  the  case  of  those 
who  need  not  rise  at  daybreak  or  are  indulging  in  what  is  called  a  European 
morning  ’.  Flat  roofs  must  have  just  enough  slope  to  allow  rain  water  to 
flow  off  them.  This  usually  finds  its  way  through  spouts  to  the  rain  gutter 
on  the  veranda,  if  such  a  gutter  exists.  In  the  Trojncal  Diseases  Bulletin , 
Vol.  XIII,  1919,  Colonel  King  directs  attention  to  what  are  known  as  4  Stoney’s 
roofs  ’,  which  are  used  in  the  buildings  of  the  Madras  Railway  and  which  are 
stated*  to  have  the  merits  of  being  cheap,  cool  and  affording  a  minimum  surface 

for  the  attachment  of  dust.  Thev 
consist  of  brick  arch  work, 
timber  being  employed  only  in 
constructing  4  centres  ’  for  arch 
formation.  These  are  removed 
as  the  section  of  the  work  is 
completed,  and  do  not  form  an 
integral  part  of  the  roof.  For 
large  span  roofs  large  hollow 
bricks  are  employed.  Each  is 
9  inches  square  and  occupies 
the  same  space  as  two  ordinary 
stock  bricks.  In  this  way  there 
is  secured  a  reduction  of  weight, 

END  ELEVATION  a  reduction  of  thrust  and  there¬ 

fore  a  saving  in  the  strength  of 
Fig.  15.  Bat-proof  house  with  special  type  of  .  ,  Poonomv  in  the 

ceiling,  as  designed  for  the  southern  Sudan  by  Major  tie  rods,  etc.,  ecoi  Omy  ill  TUG 

Thwaites,  R.E.,  attached  Egyptian  Army.  labour  of  building,  and  a  greater 

coolness.  These  large  bricks  are 
only  necessary  where  the  span  of  the  roof  exceeds  12  ft.  This  form  of  roof 
does  not  leak,  and  Stoney  describes  his  method  of  making  even  thin,  lialf-brick 
(4-J-  inches)  arch  roofs  watertight  as  follows  : 

4  As  soon  as  the  plaster  is  quite  hard  set  and  dry,  paint  it  over  uniformly  with 
boiled  tar  kept  thin  and  warm  ;  when  this  is  dry  give  a  second  coat  of  the  same,  and, 
as  fast  a  a  man  paints  this  on,  another  should  sift  on  it  and  rub  into  it  fine  dry  sand, 
which  adheres  firmly  to  this  second  coat,  giving  it  a  surface  like  rough  sand-paper  ; 
allow  this  to  dry,  and  give  two  coats  of  good  whitewash. 

The  whitewash  applied  to  this  rough  surface  does  not  wash  off  easily  with  rain, 
and  changes  the  colour  of  the  roof  from  black  to  white,  adding  thereby  to  its  appearance 
and  making  it  cooler.’1 

A  great  advantage  of  these  roofs  is  said  to  be  that  they  favour  rapid  con¬ 
struction,  as  the  timber  centres  need  only  be  left  one  night  in  position  under 
a  completed  bay.  Hence  no  time  is  lost,  as  in  the  construction  of  concrete  arch 
roofs,  where  the  centres  have  to  be  left  in  position  for  quite  a  long  period. 

This  type  of  roof  would  appear  to  be  somewhat  similar  to  a  form  common 
to  many  European  houses  in  the  northern  Sudan,  where  rolled  steel  joists  are 

1  Leonard  Hill  cites  a  case  where  the  effect  of  a  coat  of  limewash,  containing  15  per  cent 
of  vegetable  oil,  was  to  lower  the  temperature  under  a  roof  from  124°  to  98°  F. 
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Fig.  10.  Bat-proof  house  with  special  type  of  ceiling,  as  designed  for  the  southern  Sudan  by  Major  Tliwaites,  R.E., 

attached  Egyptian  Army. 
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Fig.  17.  Bat-proof  house  with  special  type  of  ceiling,  as  designed  for  the 
southern  Sudan  by  Major  Thwaites,  R.E.,  attached  Egyptian  Army. 
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Fig.  18.  Details  of  European  bungalow,  Khartoum.  Third  Report,  1908. 
Wellcome  Tropical  Research  Laboratories,  Khartoum. 
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employed  with  brick  jack-arching  between,  the  whole  being  covered  with 
a  waterproofing  material.  It  is  possible  to  construct  a  double  roof  of  this 
kind,  the  outer  part  of  which  is  of  very  light  construction  (Fig.  18).  Such 
a  roof,  of  course,  makes  for  coolness. 

The  question  of  roof  guttering  is  an  important  one,  because  rain 
channels,  owing  to  blockage  or  sagging,  so  frequently  become  breeding- 
places  for  mosquitoes.  It  is  a  common  practice  to  puncture  those  parts  of 
gutters  which  sag,  but  this  is  not  a  very  good  way  of  remedying  the  nuisance. 
In  countries  where  rain  falls  in  torrents  almost  continuously  for  many  days 
they  are  superfluous  and  wherever  possible  they  should  be  omitted.  It  is  better 
to  prolong  the  eaves  so  that  the  rain  may  be  carried  clear  of  the  house  walls 
(Fig.  19).  An  arrangement  can  often  be  made  whereby  it  will  then  drip  on 
to  a  concrete  and  suitably  drained  surface.  The  substitution  of  roof  storm 
boards  for  gutters  has  been  recommended  and  these  boards  have  been 


Fig.  19.  House  with  extended  eaves.  Sierra  Leone  Annual  Medical  Report,  1911. 


employed  on  the  Gold  Coast  with,  it  is  said,  satisfactory  results.  They  are 
stated  to  be  more  economical,  more  easy  to  put  up  and  not  to  leak  or  rust 
through  or  hold  stagnant  water  ( Medical  and  Sanitary  Report  of  the  Gold 
Coast ,  1913). 

The  veranda  is  one  of  the  most  important  parts  of  a  tropical  house.  It  should 
be  at  least  3jr  metres  wide  and  should  always  be  ventilated,  as  otherwise  a  cushion 
of  hot,  stagnant  air  lies  up  against  the  side  of  the  house. 

There  are  two  chief  ways  of  ventilating  a  veranda,  and  these  are  shown 
in  Figs.  18  and  20. 

Fig.  20  is  a  photograph  of  the  house  of  the  late  German  Medical  Officer  of 
Health  at  Dar-es-Salaam,  East  Africa.  The  lower  veranda  shows  an  ingenious 
method  of  attaching  the  shade  roof  to  pillars  in  such  a  way  that  a  free  circulation 
of  air  is  obtained.  Fig.  18  indicates  the  more  usual  method  employed  in  cases 
where  the  veranda  roof  projects  directly  from  the  house  wall. 

The  overlap  must  be  sufficient  to  prevent  rain  from  driving  through  the 
aperture,  and  it  is  well  to  screen  the  latter  in  order  to  exclude  vermin. 

Where  the  veranda  is  not  of  the  stone  portico  type  so  common  in  India  ; 
it  is  an  advantage  if  its  roof  be  double.  The  upper  portion  may  consist  of 


46  MINOR  TROPICAL  SANITATION 

corrugated  iron  or  wood  covered  with  asphalted  felt  or  tiles  ;  the  lower  poition 
of  boards,  there  being  a  closed  space  of  about  4  inches  depth  between  the  two 

layers.  , 

The  side  of  the  house  most  exposed  to  the  sun  (north  ol  the  equator,  tne 

south  side  and  vice  versa)  must  be  provided  with  a  wider  veranda  than  the 
shady  side.  Sometimes  the  veranda  is  carried  right  round  the  house,  but  except 
perhaps  in  regions  near  the  equator,  this  is  not  a  necessity  if  in  other  lespects, 
i.  e.  as  regards  windows,  etc.,  the  house  is  properly  designed  for  tropical 

conditions.  . 

The  veranda  floor  should  slope  outwards  to  the  parapet  01  balustrade  so 
that  rain  driven  in  by  the  wind  may  quickly  drain  away  through  appropriate 
openings. 


Fig.  20.  Type  of  European  house,  Dar-es-Salaam.  Note  clerestory  windows, 
screened  upper  veranda  and  method  of  ventilating  lower  veranda.  The  verandas 
shown  are  on  the  northern  aspect  of  the  house  and  are  continued  on  the  eastern 
aspect.  The  western  aspect,  which  is  also  shown,  has  no  verandas,  nor  has  the 
southern  face.  Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 

Care  must  be  taken  that  the  veranda  does  not  make  the  rooms  too  dark, 
for  mosquitoes  and  other  noxious  creatures  love  darkness  rather  than  light. 
The  exact  degree  of  shade  provided  will  vary  in  individual  cases.  It  is  usually 
possible  to  render  a  veranda  more  shady  by  means  of  Venetian  blinds,  native 
mats  or  special  screens  fixed  on  rollers. 

While  verandas  are  highly  desirable  they  are  not  an  absolute  necessity  in 
hot  dry  countries  so  far  as  securing  coolness  within  the  house  is  concerned. 

Houses  with  thick  walls  of  mud  or  clay,  whitewashed  on  the  outside,  with 
roofs  of  thick  matting  preferably  plastered  over  and  coloured  light,  can  be 
kept  wonderfully  cool,  provided  the  windows  are  shuttered  and  they  and 
the  doors  are  kept  closed  during  the  heat  of  the  day.  Ziemann  records  a  case 
in  Angola  where  in  a  house  of  this  type  the  temperature  was  22°  C.  while  outside 
it  was  54°  C.  In  this  instance  the  doors  and  windows  were  opened  only  at 
night. 

A  makeshift  veranda  or  window-shade  is  shown  in  Fig.  21,  which  represents 
the  method  adopted  in  a  British  hospital  at  Dodoma,  East  Africa. 
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The  Spanish  method  often  dispenses  with  verandas,  at  least  externally,  the 
house,  usually  square  in  shape,  being  built  round  a  patio  on  to  which  the  living 
rooms  open.  They  may  be  shaded  by  a  veranda,  but  the  outer  walls  are  smooth, 
light  coloured,  unprotected,  and  possess  few  windows,  which  are  kept  shuttered 
during  the  day.  This  is  the  common  type  of  house  in  tropical  South  America. 
Examples  of  cold-weather  Indian  houses  designed  for  the  new  Delhi  are  shown 
in  Figs.  22  to  27  inclusive.  A  fairly  cheap  and  comfortable  type  of  European 
bungalow  erected  in  Khartoum  is  exemplified  by  Figs.  28  and  29. 

The  height  of  the  rooms  is  an  important  matter  in  tropical  houses.  It  should 
not  be  less  than  ten  feet,  and  in  one-story  dwellings  may  with  advantage  be 


Fig.  21.  Improvised  method  of  shading  window  against  sun’s  rays. 


more,  for  the  heat  radiated  from  a  roof  is  in  inverse  ratio  to  the  square  of  its 
distance.  The  rooms  themselves  should  be  as  large  and  airy  as  possible. 
Clerestory  windows  may  with  advantage  be  placed  high  up  in  the  walls  of  lofty 
rooms.  Fig.  20  shows  them  above  the  level  where  the  upper  veranda  projects 
from  the  wall.  They  aid  in  the  lighting  and  ventilation  and  do  not  cause  direct 
draughts. 

Cement  tiles  make  a  good  hygienic  floor,  but  wood  is  generally  employed. 
It  must  be  well  seasoned,  otherwise  it  is  apt  to  suffer  from  dry-rot  due  to  a  fungus. 
This  not  only  leads  to  expense  but  may  possibly  be  a  cause  of  ill-health.  Investi¬ 
gations  are  required  on  this  subject,  but  certainly  it  is  not  agreeable  to  live  in 
a  house  to  which  dry-rot  has  gained  access.  Unseasoned  floor  boarding  is  also 
apt  to  shrink  and  leave  chinks  in  which  dust  and  dirt  accumulate.  Nail  holes 
are  likewise  troublesome  but  need  not  be  open  and  visible  if  the  method  called 
4  secret  nailing  ’  be  employed,  when  one  board  is  laid  at  a  time  and  the  nail  is 
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,  -Figs.  22-24.  Indian  cold-weather  five-roomed  house  planned  by  architects  on  the  staff  of  the  Public  Works 
Department,  Delhi.  Courtesy  of  H.  T.  Keeling,  Esq.,  C.S.I.  Fig.  22.  Elevation.  Fig.  23.  Ground  floor  plan. 
Fig.  24.  Side  Elevation  ;  Section  A — B  ;  Plan  showing  clerestories. 
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Fig.  27. 

Figs.  25-27.  Indian  cold-weather  house  capable  of  being  occupied  in  hot  weather.  Designed  by 
Mr.  Herbert  Baker,  F.R.I.B.A.,  for  the  new  Delhi.  Courtesy  of  H.  T.  Keeling,  Esq.,  C.S.i. 
Fig.  25.  Elevation.  Fig.  26.  Sections  A-A,  B-B.  Fig.  27.  Ground  floor  plan. 
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driven  in  just  where  the  upper  surface  of  the  tongue  forms  an  angle  with  the 
body  of  the  floor  board. 

Ceilings  must  be  carefully  constructed  and  heavy  beams  avoided  in  countries 
where  termites  occur. 

A  common  mistake  in  the  tropics  is  to  make  the  windows  too  large,  at  least 
in  buildings  not  provided  with  verandas.  Too  much  sun  and,  in  some  countries, 
too  much  dust  and  hot  wind  are  thereby  admitted.  The  fewer  windows  in  the 
east  and  west  walls  of  a  house  the  better.  All  windows  should  be  fitted  with 
jalousies.  For  a  climate  like  that  of  the  Red  Sea  littoral  Crossland  has  recom¬ 
mended  the  provision  of  sliding  louvred  shutters  inside  the  glass  frames  and 
sliding  doors  louvred  to  the  bottom  so  that,  the  slats  being  set  at  an  angle  of  45°, 
the  wind  is  deflected  upwards  by  them  and  reaches  the  face  and  body  of  any  one 
seated  in  the  room,  thus  making  for  coolness. 

Sliding  doors  are  apt  to  stick,  but  this  disadvantage  can  be  obviated  in  large 
measure  by  placing  their  handles  as  low  as  possible  and  soaping,  not  greasing, 
the  grooves  in  which  they  run. 

The  same  author  points  out  that,  while  it  is  necessary  in  the  case  of  inland 
houses  to  close  all  windows  and  doors  during  the  heat  of  the  day,  it  may  not  be 
advisable  to  follow  this  procedure  in  the  case  of  houses  situated  on  the  sea-coast. 
In  such  a  locality  every  advantage  should  be  taken  of  the  air  movements  which 
are  so  frequent  in  close  proximity  to  the  ocean. 

In  certain  tropical  countries  it  is  very  necessary  to  provide  the  living  rooms 
with  fireplaces,  for  stoves  make  a  poor  substitute  if  there  is  really  coffi  weather, 
and  are  not  so  hygienic. 

Store  rooms  should  be  specially  well  ventilated.  The  same  is  true  of  rooms 
in  which  water  closets  or  dry  closets  are  situated.  It  is  often  necessary  to 
place  the  latter  away  from  the  main  building  as,  for  example,  when  a  pail 
system  is  in  operation  and  the  question  of  collection  has  to  be  considered. 
It  is  important  to  see  that,  in  malarial  countries,  such  places  are  made  mosquito- 
proof  in  addition  to  the  general  mosquito-proofing  plan  for  the  house  which 
will  be  considered  immediately.  They  are  often  excluded  from  the  scheme, 
and  yet  it  is  just  in  such  sanitary  annexes  that  mosquitoes  are  often  found. 
The  floors  of  such  closet  apartments  require  to  be  of  impervious,  well-laid 
material,  such  as  non-absorbent  tiles,  and  a  dry  closet  should  be  so  placed  that 
it  is  not  necessary  to  enter  the  house  for  the  purpose  of  removing  the  pail. 

Opinions  vary  a  good  deal  about  the  best  colour  for  the  external  aspect  of 
a  tropical  house.  All  agree  that  the  colour  of  the  roof  should  be  light  in  order  to 
reflect  heat,  but  in  practice  it  is  very  difficult  to  maintain  a  light-coloured  roof. 
One  should,  however,  approach  to  the  ideal  as  far  as  possible.  Walls  should  also 
theoretically  be  light  coloured,  but  questions  of  glare,  of  maintenance  and  of 
capacity  for  showing  up  dirt  and  stains  have  all  to  be  considered.  Probably 
a  dull  light  yellow — a  kind  of  cream  colour — is  really  best. 

The  internal  surface  of  walls  should  be  white  or  light  coloured.  A  pale  green 
or  blue  is  restful.  Wall  papers  should  be  avoided.  Mats  and  rugs  should  take 
the  place  of  carpets. 

As  regards  artificial  lighting,  electric  light  is  of  course  the  best  and  most 
hygienic  form.  Oil  gas  and  acetylene  gas  give  off  much  heat.  Hanging  petroleum 
lamps  and  candles  in  glass  globes  surmounting  metal  stands  (the  shamadans 
of  the  Arabs)  may  be  mentioned. 

Coolness  and  movement  of  the  air  are  still  secured  by  the  punkah,  of  which 
the  electrically-driven  type  is  employed  where  power  is  available ;  but  electric 
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fans  are  replacing  punkahs.  Clockwork  and  oil-driven  fans  are  not  very 
satisfactory.  Various  schemes  for  cooling  a  house  by  means  of  a  central 
refrigerating  apparatus  have  been  advanced,  but  they  are  costly  and  their 
consideration  is  outside  the  scope  of  this  book.  Much  can  be  done  by  the  use 
of  khas-khas  tatties,  though  they  carry  with  them  the  risk  of  chill.  Watering 
the  floor  of  the  veranda  is  a  simple  if  temporary  measure. 

It  remains  to  discuss  the  question  of  mosquito-proofing  a  house  in  the  tropics 
by  means  of  wire  gauze.  Three  chief  methods  may  be  followed  : 

1.  The  whole  house  may  be  caged  (fig.  30). 

2.  Individual  rooms  may  be  protected. 

3.  A  portion  of  the  veranda  may  be  converted  into  a  mosquito-proof  room 
(fig.  20). 


Fig.  30.  Mosquito-proofed  houses  at  Colon,  Panama  Canal  Zone.  Wellcome 
Bureau  of  Scientific  Research.  (Copyright.) 

1.  The  first  method,  which  is  that  employed  by  the  Americans  in  the  Panama 
Canal  Zone,  is  effective  and  thorough,  but  it  is  very  costly  and  has  the  disadvan¬ 
tage  of  excluding  to  a  very  considerable  degree  those  currents  of  air  which  are 
so  welcome  in  the  hot  moist  tropics.  Hence  houses  thus  protected  are  un¬ 
doubtedly  somewhat  stuffy  and  they  also  produce  on  certain  minds  an  impression 
of  being  6  cabined,  cribbed,  confined  ’,  which  possibly  tends  to  strengthen 
any  neurasthenic  tendency  that  may  exist.  On  the  other  hand,  this  method 
mitigates  sun-glare,  excludes  flies,  moths,  and  other  insects,  and  probably  lessens 
the  amount  of  moisture  in  the  air  within  the  house,  while  most  persons  speedily 
become  inured  to  living  a  caged  existence  when  indoors.  Any  such  arrange¬ 
ment  must  be  permanent  ;  in  other  words,  the  house  must  be  built  to  the 
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Fig.  31.  Type  of  house  specially  designed  for  the  tropics  by  Dr.  T.  F.  G.  Mayer.  Annals  of  Tropical  Medicine  and 
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mosquito-proof  design.  Wire  mesh  screens  which  can  be  fitted,  when  desired, 
into  the  veranda  openings  will  not  serve  the  purpose  when  a  whole  house  has 
to  be  protected. 

Fig.  31  represents  a  special  mosquito-proof  and  storm-proof  house  for  the 
tropics  designed  by  Dr.  T.  F.  G.  Mayer  of  the  West  African  Medical  Staff  and 
constructed  for  him  by  Messrs.  Humphreys,  Ltd.,  of  Knightsbridge.  It  would 
appear  very  suitable  for  housing  one  or  two  individuals.  The  following  is 
Dr.  Mayer’s  description  : 

4  The  house  .  .  .  is  constructed  almost  entirely  of  steel  ;  wood-work  is  reduced  to 
a  minimum,  and,  where  its  use  is  unavoidable,  is  specially  treated  to  withstand  the 
attacks  of  insects,  especially  white  ants. 

The  house  is  built  on  a  plinth  of  concrete  and  has  a  floor  and  a  low  wall  of  similar 
material.  Their  surfaces  are  cement-rendered.  The  walls  are  continuous  with  a  steel 
framing,  filled  in  completely  with  mosquito  netting  made  of  a  specially  woven  com¬ 
posite  material  proved  to  be  stronger  and  more  durable  than  any  other.  This  netting 
is  sandwiched  between  perforated  metal  sheets,  which  prevent  bulging  and  render 
entry  impossible  except  by  the  spring  doors  at  each  end  of  the  lobby-entrances. 

The  roof  is  covered  with  non-conducting  fibro-cement  slates  and  is  ventilated  by 
means  of  louvre  windows  at  each  end.  It  is  completely  shut  off  from  the  room  below 
by  an  asbestos  ceiling. 

There  are  no  walls  or  partitions  within  the  mosquito  proofing,  so  that  whatever 
breeze  there  may  be,  blows  straight  through  the  house  from  one  side  to  the  other. 
Should  this  wind  be  too  cold  or  too  strong,  as  for  instance  during  storms,  it  can  be 
cut  off  at  will  by  shutters  which  are  provided  all  round  the  house  and  which  are  capable 
of  closing  the  whole  of  it.  These  are  manipulated  from  within  by  turning  a  handle, 
and  can  be  made  either  to  come  down  from  above,  as  illustrated,  or  to  move  upwards 
from  below. 

The  division  of  the  interior  of  the  house  is  left  to  the  occupant,  the  idea  being  the 
minimum  required  for  privacy,  and  it  is  suggested  that  by  the  use  of  sun-blinds, 
screens,  and  curtains,  the  open  character  of  the  house  may  be  preserved,  but  permanent 
brick  or  stone  walls  may  be  built  if  desired. 

It  is  possible  tr  make  the  house  of  any  number  of  stories,  and  to  build  it  on  piles 
if  desired.’ 

The  plan  shown  as  fig.  32  is  that  given  by  James  and  Gunasekara  in  their 
Report  on  Malaria  at  the  Port  of  Talaimannar,  Ceylon.  In  considering  the 
question  of  housing  for  the  European  Staff  of  the  railway  there  they  tabulate 
the  following  principles  : 

‘  (1)  Tlie  houses  should  be,  as  a  rule,  square,  and  may  be  of  one  or  two  storeys. 

(2)  They  should  be  raised  from  the  ground,  preferably  on  an  extensive  plinth  of 
concrete  surfaced  with  cement. 

(3)  The  whole  area  of  the  plinth  should  be  utilized  for  the  erection  of  a  large 
mosquito-proof  “  shed  ”,  inside  which  the  house  proper  will  be  built. 

(4)  The  4 4  shed  ”  consists  of  the  following  parts  :  (a)  Pillars  of  iron,  stone,  or  wood, 
erected  at  the  corners  and  along  the  outer  limits  of  the  plinth  to  support  the  roof ; 

( b )  between  the  pillars  a  dwarf  wall,  and  upon  it  a  framework  filled  in  with  mosquito- 
proof  copper  wire  gauze  of  18  meshes  to  the  inch  ;  (c)  at  two  places  in  the  skeleton 
walls  double  doors,  mosquito-proofed,  and  both  opening  outwards.  They  should  be 
made  to  close  automatically  (N.B. — It  is  essential  to  the  success  of  mosquito-proofed 
houses  that  all  doors  should  open  outwards)  ;  (d)  a  ceiling  of  wood  or  of  asbestos 
material,  resting  on  and  closely  applied  to  the  top  framework  and  girders  in  such 
a  manner  that  the  roof  is  completely  shut  off  from  the  remainder  of  the  shed  ;  ( e )  a  sun¬ 
proof  and  rain-proof  roof,  which  is  ventilated,  and  of  which  the  eaves  project  as  far 
as  possible  beyond  the  framework  and  are  not  provided  with  gutters — the  rain  drippino- 
from  them  being  allowed  to  fall  into  a  concrete  drain  laid  all  round  the  house  ;  (f)  the 
result  is  a  large  square  mosquito-proof  structure  with  walls  of  mosquito-proof  wire 
gauze,  a  ceiling  of  wood,  and  a  floor  of  cement,  and  the  whole  covered  by  a  roof ; 
(g)  all  that  now  remains  to  be  done  is  to  reserve  a  broad  space  all  round  inside  the 
structure  to  serve  as  a  veranda,  and  then  to  partition  off  the  remaining  space  into 
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rooms.  It  is  not  necessary  for  these  partitions  to  be  very  solid  structures,  and  they 
should  be  opened  wherever  possible  by  large  arches  and  windows.  Doors  to  the  arches 
are  not  necessary.  It  is  important  that  no  partition  should  be  built  which  will  cut  off 
a  through  draught  of  air  from  front  to  back  and  from  side  to  side  of  the  house  ;  ( li )  the 
house  should  be  orientated  so  as  to  obtain  the  greatest  advantage  from  the  winds  of 
the  south-west  and  north-east  monsoons.’ 
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Fig.  32.  Plan  of  mosquito-proofed  house.  James,  Tropical  Diseases  Bulletin. 


The  reason  why  doors  should  not  be  made  to  open  inwards  into  rooms  is 
because  mosquitoes  resting  on  the  outside  of  such  doors  will  be  brushed  into 
the  room  by  the  person  entering.  When  a  double  door  is  provided  the  outer 
one  should  be  so  far  from  the  inner  that  a  person  standing  between  them 
cannot  hold  both  open  at  the  same  time.  The  automatic  closing  may  be 
effected  by  means  of  a  weighted  cord  over  a  pulley  or  by  hanging  the  door  at 
a  slight  angle  and  heavily  weighting  the  lower  part  on  its  inner  side  near  its 
outer  edge. 

Double  doors  are  only  needed  in  places  where  mosquitoes  are  very 
numerous. 

The  type  of  wire  gauze  to  be  employed  will  vary  with  the  locality.  In  the 
case  of  houses  near  the  sea,  iron  and  even  4  tinned  ’  iron  wire  gauze  soon  perishes, 
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and  a  pure  copper  or  a  mixture  of  copper  and  zinc,  containing  over  90  per  cent 
of  copper  or,  if  expense  is  no  object,  oxidized  phosphor  bronze  must  be  used. 
The  admixture  of  any  iron  shortens  the  life  of  the  gauze.  The  amount  present 
should  not  exceed  0-5  per  cent.  Eighteen  strands  to  the  inch  is  the  mesh  used 
in  the  Panama  Canal  Zone.  In  parts  of  the  tropics  remote  from  any  littoral 
iron  or  4  tinned  ’  iron  gauze  may  meet  the  case.  A  brass  gauze  is  manufactured 
which  is  strong  but  expensive.  Gauze  should  never  be  cut.  It  should  be  used 
in  its  full  width,  otherwise  it  is  not  so  strong  or  lasting.  Each  separate  piece 
should  have  a  surface  measurement  of  not  more  than  1-5  metres  (Orenstein). 

2.  As  regards  the  screening  of  individual  rooms  one  cannot  do  better  than 
quote  the  very  sound  recommendations  of  Sir  Ronald  Ross  concerning  the 
protection  of  windows.  He  says  : 

4  The  question  how  the  gauze  should  best  be  applied  to  the  windows  has  been  much 
discussed,  especially  by  Laveran  (1907),  who  gives  many  diagrams  and  pictures. 
As  a  matter  of  fact,  the  question  has  generally  to  be  decided  according  to  the  form  of 
the  windows  already  existing  in  a  house.  The  problem  is  an  easy  one  with  sliding 
sashes.  In  such  cases  I  advocate  that  the  wire-gauze  be  permanently  nailed,  with 
nails  of  the  same  metal  (in  order  to  prevent  galvanic  rust),  outside  the  window  ;  that 
is,  if  the  shutters  are  hung  inside.  For  French  windows,  which  open  outwards  on 
hinges,  the  problem  is  much  more  difficult,  because  if  the  wire-gauze  is  fixed  inside, 
the  windows  cannot  be  opened.  Many  types  are  adopted  in  such  cases,  but  they  are 
not  always  satisfactory.  Movable  wire-gauze  frames  which  require  trouble  to  put  up 
are  sure  to  be  neglected  by  servants.  In  my  opinion  it  is  best  in  such  cases  to  refit 
the  windows  so  that  they  can  be  made  to  open  inwards,  and  then  to  fix  the  wire- 
gauze  outside,  or  vice  versa.  Further  details  are  better  left  to  the  intelligence  of  the 
reader.  In  climates  which  are  never  cold,  the  glass  of  the  windows  can  be  replaced 
entirely  by  wire-gauze,  thus  simplifying  the  problem.’ 

3.  Except  in  very  malarious  localities,  the  plan  of  converting  a  portion  of  the 
veranda  into  a  mosquito-proof  room  has  much  to  commend  it.  If  mosquitoes 
are  numerous  double  doors  should  be  provided,  but  otherwise  a  single  door 
opening  outwards  and  closing  automatically  is  sufficient.  If  mosquitoes  do 
enter  they  usually  fly  to  the  gauze,  on  which  they  can  be  readily  detected  and 
killed.  Where  a  house  is  furnished  with  electric  fans,  one  of  these  useful 
adjuncts  should  find  a  place  in  the  mosquito-proof  room.  It  should  be  noted 
that  mosquitoes  cannot  endure  the  draught  set  up  by  a  fan  in  motion  and  it  is 
sometimes  possible,  though  rarely  advisable,  to  dispense  with  a  net  if  an  over¬ 
head  fan  is  available.  It  is  hardly  necessary  to  say  that  all  wire-gauze  screens 
require  constant  supervision. 

ANNEXES. 

Generally  speaking  these  consist  of  the  kitchen  with  scullery  and  larder, 
the  water-closet  or  dry  closet,  the  servants’  quarters  and  the  stables.  In  the 
older  West  Indian  houses  the  large  stone-built  bath  often  occupies  a  separate 
building  and  is  undoubtedly,  unless  well  screened,  a  source  of  danger. 

It  is  advisable  to  have  the  kitchen  premises  outside  the  main  building  and 
in  the  4  wet  ’  tropics  there  should  be  a  covered  way  connecting  the  two.  The 
servants’  quarters  should  not  be  built  right  up  against  the  kitchen  but  should 
be  at  a  little  distance.  The  question  of  screening  servants’  quarters  is  a  difficult 
one.  If  the  servants  live  in  thatched  huts  it  is  impossible  to  protect  them 
properly.  If  they  live  in  good  brick  or  stone  buildings  it  is  possible,  but  their 
careless  habits  usually  make  the  precaution  of  no  avail  and  all  the  money  spent 
on  screening  is  wasted.  Yet  it  is  not  only  very  annoying  when  servants  go 
down  with  malaria,  but  the  interference  with  comfort  which  results  prejudices 
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the  master’s  health,  while  if  the  servants  become  gamete  carriers  they  are 
a  potential  source  of  infection  close  at  hand.  The  course  to  be  followed  must 
be  decided  by  circumstances  and  by  the  amount  of  discipline  it  is  possible  to 
enforce. 

In  most  tropical  countries  it  is  very  important  to  see  that  the  inner  aspects 
of  the  walls  of  servants’  rooms  are  of  such  a  nature  that  they  do  not  harbour 
bed-bugs.  Brick  walls  should  be  plastered,  the  plaster  rendered  to  present 
a  smooth  surface  and  kept  in  good  repair.  Cracks  and  crevices  must  be  avoided, 
for  once  bed-bug  nurseries  are  established  even  the  use  of  a  painter’s  lamp  may 
fail  to  stamp  them  out  and  it  may  be  necessary  to  resort  to  fumigation  with 
hydrocyanic  acid  gas.  On  this  account  native  servants  should  not  be  housed 
in  wooden  buildings  if  it  can  be  avoided. 

The  construction  of  kitchen  buildings,  closet  apartments,  and  servants’ 
quarters  must  conform  to  the  usual  hygienic  requirements  as  regards  impervious 
floors,  ventilation,  etc.  In  places  where  bucket  removal  is  the  conservancy 
method  in  vogue  small  openings  guarded  by  doors  are  usually  provided  and 
through  these  the  pails  are  withdrawn  or  replaced.  Hanging  flap  doors  are 
a  mistake,  for  they  soon  get  damaged  and  are  often  wrenched  away  from  their 
fastenings.  It  is  better  to  hinge  the  door,  preferably  a  metal  one,  on  one  side 
and  furnish  it  with  a  strong  bolt. 

The  immediate  surroundings  of  the  house  itself  merit  a  short  note.  The 
apron  ’  of  cement  or  concrete  surrounding  the  main  building,  sloping  gently 
from  the  basement  and  properly  drained,  has  been  mentioned.  It  is  a 
necessity  only  in  the  damp  tropics  though  desirable  also  elsewhere.  Simpson 
recommends  a  belt  of  sharp  gravel  beyond  this  to  discourage  snakes.  Beyond 
the  gravel  a  short  sward  is  the  best  kind  of  vegetation.  This  may  be  formed 
of  Bahama  or  Dub  grass  ( Cynodon  dactylon),  which  is  the  Neghil  grass  of  the 
Arabs  commonly  grown  in  the  Sudan.  Other  tropical  sward  grasses  are  Steno- 
taphrum  americanum,  vel  secundatum  (St.  Augustine  grass)  and  Axonopus 
compressus  ( Paspalum  platycaulon,  carpet  grass).  The  former  is  more  suited 
for  slightly  saline  soil  and  Dr.  Stapf,  of  Ivew  Gardens,  the  authority  on  this 
subject,  considers  that  it  would  stand  a  fairly  dry  climate.  The  latter  does  well 
under  humid  conditions  such  as  obtain  on  littorals. 

NATIVE  DWELLINGS. 

Although  these  invariably  fall  short  of  the  hygienic  ideal  it  seems  to  be  the 
rule  that,  under  natural  conditions,  the  type  of  habitation  which  the  native  has 
devised  for  himself  is  in  many  respects  well  adapted  to  his  needs  and  is  the 
outcome  of  long  experience.  Moreover  the  native  dwelling  does  not  altogether 
exclude  sanitary  principles  in  the  mode  of  its  construction.  The  failure  to 
attain  a  good  hygienic  level  is  more  often  due  to  the  way  the  house  or  hut  is  used 
than  to  the  way  it  is  built.  The  habits  of  the  native,  i.  e.  his  love  of  overcrowd¬ 
ing,  the  promiscuous  manner  in  which  he  feeds,  the  fact  that  the  domestic 
animals  share  his  quarters,  are  often  more  at  fault  than  his  architecture.  The 
latter  differs,  of  course,  greatly  in  different  parts  of  the  tropics,  and  cannot  here 
be  discussed,  but  the  sanitary  reformer  should  be  careful  to  study  the  local 
problem  carefully  before  he  begins  interfering.  When  he  does  initiate  a  change 
he  should  do  so  gradually,  incorporate  in  his  new  type  of  dwelling  such  features 
of  the  old  one  as  are  not  objectionable,  and  try  to  look  at  the  question  from  the 
native’s  point  of  view.  Otherwise  his  well-meant  endeavours  may  result  in  an 
emigration  of  the  people  he  wishes  to  benefit. 
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It  must  be  remembered  that  in  nearly  all  tropical  countries  the  natives  use 
their  houses  chiefly  as  sleeping  places.  The  inhabitants  spend  most  ot  their 
time  in  the  open  air,  if  not  outside  the  house  precincts  at  least  in  the  courtyard, 
where  such  exists.  Even  in  countries  such  as  Mesopotamia  and  the  Punjab, 
where  in  the  summer  the  sun’s  heat  is  intense,  and  where  it  is  the  custom  to  have 
underground  ventilated  apartments,  the  so-called  sirdab  or  tykhana,  the  above 
rule  holds  good,  for  generally  the  people  occupy  the  house  merely  to  sleep  m  it. 
Hence  we  have  to  consider  the  house  chiefly  as  a  bedroom,  a  fact  which  partly 
explains  why  native  houses,  as  apart  from  huts,  usually  have  small  windows, 
a  paucity  of  these  in  any  case,  and  narrow  doors.  Such  an  arrangement  helps 


Fig.  33. T*  Native  hut,  Police  Lines,  Kisumu,  B.E.A.  Note  Kavirondo 
method  of  thatching,  gap  in  thatch  above  door,  raised  plinth  and  rat-course  of 
corrugated  iron  to  prevent  rats  from  burrowing  up  the  wall. 

to  keep  the  house  cool  for  the  night  hours,  while  during  the  night  it  serves'*  to 
exclude  chill  airs  or  the  severe  cold  which,  at  certain  seasons,  characterizes  the 
nights  in  some  tropical  countries. 

Huts.  As  regards  huts,  fig.  33  shows  an  excellent  design.  It  is  a  photo¬ 
graph  of  the  type  of  hut  erected  by  Captain  Paterson,  R.A.M.C.,  of  the  West 
African  Medical  Service,  for  the  use  of  his  native  sanitary  staff  at  Kisumu, 
British  East  Africa.  Note  the  excellent  thatched  roof  with  overhanging  eaves 
and  the  notch  in  it  above  and  in  front  of  the  door,  a  device  to  prevent  damage 
to  the  head  when  entering  the  hut.  This  roof  is  supported  by  vertical  wooden 
posts  rising  from  the  mud-brick  wall  and  a  good  ventilation  space  exists  all 
round  between  the  inner  surface  of  the  thatch  and  the  top  of  the  wall.  The 
latter,  which  may  with  advantage  be  whitewashed,  is  rendered  smooth  (4  laiped  ’) 
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and  is  furnished  with  a  damp-proof  course  of  corrugated  iron,  the  outer  free 
edge  of  which  overhangs  and  which  acts  as  a  deterrent  to  rats  trying  to  burrow 
upwards  through  the  wall  in  an  endeavour  to  nest  in  the  thatch.  Tarred  bricks 
make  a  good  and  cheap  form  of  damp-proof  course  for  huts.  A  plinth  is  pro¬ 
vided  level  with  the  top  of  the  doorstep.  It  consists  of  well-puddled  mud. 
The  floor  is  either  beaten  hard  or  covered  with  a  layer  of  cement.  It  should  be 
noted,  however,  that  unless  the  latter  is  of  good  quality  and  properly  laid  it  is 
better  omitted,  for  otherwise  it  soon  cracks  and  disintegrates,  whereas  a  well- 
made  native  floor  of  earth  is  wonderfully  impervious  and,  if  kept  clean,  quite 
satisfactory  from  a  hygienic  point  of  view,  at  least  for  a  considerable  time. 
Arrangements  should  be  made  whereby  the  floor  can  be  dug  up  and  removed 
if  it  shows  signs  of  becoming  foul,  a  new  layer  of  mud  being  introduced. 

Some  authorities  hold  that  the  use  of  cow-dung  in  making  the  walls  and 
floors  of  native  dwellings  should  be  discouraged  or  prohibited  as  it  attracts  flies 
and  moisture.  Though  it  may  create  somewhat  of  a  nuisance  during  con¬ 
struction  it  is  difficult  to  see  that,  after  it  has  set,  such  cow-dung  plaster  is  in 
any  way  offensive  or  non-hygienic.  If  equally  good  results  can  be  obtained 
without  its  use  it  is  doubtless  better  omitted,  but  where  this  is  not  the  case  it 
should  not  be  utterly  condemned.  Indeed  a  mixture  of  ant-heap  earth  and 
cow-dung  has  been  specially  recommended  as  forming  an  excellent  floor  and 
serves  as  a  prophylactic  measure  against  Ornithodorus  moubata,  the  tick  vector 
of  African  relapsing  fever.  (See  Vol.  II.) 

Speaking  generally,  the  points  to  which  attention  must  be  specially  directed 
in  designing  and  building  a  native  house  are  : 

1.  Provision  of  a  good  plinth  at  least  2  feet  in  depth. 

2.  Provision  of  as  impermeable  a  floor  as  possible  and  of  smooth  intact 
surfaces  to  the  internal  aspects  of  walls. 

3.  Provision  of  a  damp-proof  course. 

4.  Provision  of  a  good  roof.  In  all  probability  a  good  thatch  of  grass  or 
straw  must  be  adjudged  the  best.  Such  a  roof  can  be  made  rain-tight  and  is 
cool  and  comfortable.  Moreover,  in  the  colder  part  of  the  tropics  it  retains 
a  fair  amount  of  the  heat  absorbed  during  the  day,  and  this  is  an  advantage, 
especially  in  mountainous  regions.  Lastly  it  is,  as  a  rule,  easily  repaired  or 
renewed.  Its  chief  disadvantage  is  its  inflammability,  but  most  natives  are 
very  skilled  in  dealing  with  fires.  Vermin  are  apt  to  lodge  in  it,  but  precau¬ 
tionary  measures  can  often  be  taken  against  them,  while  it  must  be  admitted 
that  a  well-laid  thatch  roof  is  a  much  more  sightly  production  than  one  con¬ 
structed  of  cheap  native  tiles,  flattened  sheets  of  tin,  matting,  and  other  make¬ 
shifts. 

In  Arab  countries  the  flat  roof  is  employed,  and  has  the  same  advantages 
as  have  been  mentioned  in  connexion  with  its  use  for  European  dwellings. 
In  Egypt,  however,  the  flat  roof  has  often  all  manner  of  rubbish  piled  upon  it 
and  serves  as  a  latrine  for  the  women  of  the  household.  An  attempt  has 
recently  been  made  to  introduce  the  domed  roof  into  the  houses  of  the  fellaheen, 
and  this  certainly  possesses  some  advantages. 

5.  Provision  of  adequate  means  of  ventilation.  During  the  day,  especially 
if  there  is  a  movement  of  air,  the  materials  usually  employed  in  native  dwellings 
and  their  manner  of  construction  make  for  efficient  ventilation.  At  night, 
however,  the  breeze  often  vanishes  and  this,  combined  with  the  habit,  so  far  as 
houses  are  concerned,  of  closing  fast  the  doors  and  windows  and  blocking  up 
every  crack  or  crevice  with  mud  or  rags,  places  ventilation  at  a  minimum  so 
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that  the  air,  contaminated  by  the  transpiration  and  respiration  of  men  and 
animals  and  possibly  also  by  the  products  of  combustion  given  off  by  a  fire, 
becomes  stagnant  and  fetid.  The  evil  results  are  well  seen  in  the  case  of  the 
wooden  negro  cabins  in  the  West  Indies.  The  fear  of  ‘  jumbies  ’  causes  their 
occupants  to  seal  them  up  very  effectively  at  night  and  consequently  pul¬ 
monary  tuberculosis  is  rife,  as,  for  example,  amongst  the  black  population 
of  Grenada. 

It  is  impossible  to  give  any  useful  figures  as  regards  the  amount  of  cubic 
space  required  by  natives  in  their  habitations.  Schilling,  basing  his  calculations 
on  certain  data  states  that  in  a  hut  of  3X3X3  metres  not  more  than  two 
adults  should  sleep  even  when  there  is  a  four-hourly  change  of  air,  but  recent 
work  by  Leonard  Hill  and  others  has  altered  our  old  ideas  embodied  in  the 
so-called  chemical  theory  of  ventilation.  It  has  been  shown  that  neither  excess 
of  CO.,  in  a  badly  ventilated  room  nor  diminution  in  oxygen  is  a  harmful  factor. 
The  organic  matter  on  which  so  much  stress  used  to  be  Jaid  does  not  seem  to 
exist  as  a  poison.  The  points  to  be  considered  in  connexion  with 
ventilation  are  (1)  bacterial  infection,  and  here  it  is  well  to  remember  that 
in  the  case  of  the  tubercle  bacillus  the  danger  zone  is  a  metre,  and  (2)  the  cooling 
and  evaporative  power  exerted  on  the  skin  and  the  respiratory  tract.  It  will 
be  seen,  therefore,  that  no  rule  can  be  laid  down  as  to  the  quantity  of  air  to  be 
supplied  per  hour  to  the  occupants  of  a  native  dwelling.  The  important  point 
is  to  have  as  much  ventilation  both  by  day  and  night  as  is  consistent  with  com¬ 
fort  ;  the  cooling  and  evaporative  powers  of  the  air  being,  when  necessary, 
measured  by  such  an  instrument  as  the  katathermometer  of  Leonard  Hill. 

Thatched  huts  can  easily  be  constructed  to  provide  adequate  means  of 
ventilation  in  the  dry  season  by  arranging  for  an  air  space  between  the  roof  and 
the  wall.  The  difficnlty  is  to  exclude  driving  tropical  rain  during  the  wet 
period  of  the  year.  This  can  only  be  done  by  prolonging  the  eaves  as  shown 
in  fig.  33,  an  arrangement  which  to  some  extent  interferes  with  the  free  circula¬ 
tion  of  air.  Sometimes  a  circular  and  well-shielded  opening  is  introduced  near 
the  apex  of  the  roof  itself,  corresponding  to  the  ridge  ventilation  of  a  pent  roof. 
The  more  ambitious  house  must  be  furnished  with  windows,  but,  as  these  are 
very  likely  to  be  thrown  out  of  use  by  the  occupants,  an  effort  should  be  made 
to  provide  means  of  ventilation  which  are  unlikely  to  be  subjected  to  inter¬ 
ference.  Owing  to  the  inaccessibility  of  the  opening,  roof-ridge  ventilation  is 
usually  the  best  method. 

In  domed  dwellings  apertures  high  up  in  the  arch  and  protected  from  rain 
are  useful.  In  flat-roofed  houses  the  problem  is  a  very  difficult  one.  Small 
clerestory  windows  high  up  near  the  ceiling  form  probably  the  best  solution. 

6.  Prohibition  of  subsidiary  buildings  in  courtyards.  This  is  a  most 
important  matter.  To  begin  with  a  native  house  is  furnished  with  a  compara¬ 
tively  large  open  courtyard.  The  landlord  or  tenant,  however,  conceives  the 
money-making  idea  of  leasing  out  this  space  for  building  purposes ;  it  then 
soon  becomes  crowded  with  every  kind  of  apology  for  a  human  habitation. 
The  result  is  the  creation  of  a  most  insanitary  area.  In  places  where  there  is 
a  proper  sanitary  administration  stringent  by-laws  must  be  adopted  to  prevent 
or  abolish  such  a  state  of  things. 

The  ever-present  difficulty  in  housing  natives  properly  is  the  lack  of  funds. 
Hence,  although  it  lies  rather  outside  the  scope  of  this  section,  it  seems  advisable 
to  direct  attention  to  the  admirable  scheme  initiated  in  Durban,  Natal,  where, 
by  obtaining  complete  control  of  the  manufacture  and  sale  of  Kaffir  beer,  the 
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municipality  has  not  only  put  down  a  nuisance  but  raises  annually  a  large 
sum  of  money,  which  is  chiefly  devoted  to  the  erection  of  model  dwellings  for 
the  native  population.  This  scheme  involves  the  establishment  of  communal 
kitchens,  institutions  which  have  also  been  introduced  at  Mombasa  in  con¬ 
nexion  with  the  new  police  lines  there  and  which,  if  properly  managed,  have 
much  to  commend  them. 

A  few  words  may  here  be  said  as  regards  native  prisons  in  the  tropics,  for  the 
health  of  their  inmates  depends  very  greatly  on  whether  or  not  such  prisons  are 
constructed  on  hygienic  principles.  There  can  be  no  doubt  that  to  furnish 
native  prisons  with  earthen  floors,  even  if  these  floors  are  beaten  hard  and  free 
from  cracks,  is  to  court  disaster.  Again  and  again  it  has  been  noted  that 
epidemics  of  pneumonia  are  liable  to  occur  in  prisons  where  the  sleeping  rooms 
have  earthen  floors,  while  where  the  latter  are  replaced  by  tiled  or  cemented 
floors  the  liability  of  the  inmates  to  these  outbreaks  is  either  greatly  diminished 
or  wholly  abolished.  Not  only  the  floor  but  the  walls,  at  least  half-way  to  the 
ceiling,  should  also  be  constructed  of  an  impermeable  and  easily  cleaned  material, 
and  it  is  very  important  to  have  free  ventilation  and  to  allow  as  much  light  as 
possible  to  enter  the  cells. 

CAMPS. 

Mess-tents.  In  the  case  of  camps,  and  especially  military  camps,  it  is  very 
important  to  have  a  special  hut  or  tent  or  marquee  set  aside  for  messing  pur¬ 
poses.  Otherwise  there  is  a  great  risk  of  fragments  of  food,  dirty  tins  and 
other  refuse  accumulating  in  the  living  rooms  or  tents.  Flies  are  thereby 
attracted  and  an  unhygienic  condition  results. 

Cooking  areas  should  be  delimited  and  railed  off  in  some  way  to  exclude 
traffic  through  them.  A  good  hard  floor  which  can  be  swept  and  is  as  imper¬ 
meable  as  possible  should  be  provided  and  suitable  head  cover  erected. 

Cook-houses  should  not  be  screened  to  keep  out  flies  unless  the  work  can 
be  thoroughly  done,  double,  self-closing  doors  provided  and  adequate  super¬ 
vision  maintained.  In  military  camps  in  hot  countries  it  is  far  better  to  ensure 
that  the  cook-house  is  well  ventilated,  to  see  that  it  is  as  shady  as  possible,  and 
that  its  door  faces  south  if  in  the  northern  hemisphere  and  north  if  in  southern 
latitudes. 

A  very  excellent  type  of  cheap,  temporary  cook-house  adaptable  to  the 
needs  both  of  British  and  Indian  units  is  that  designed  for  field  use  by  Lieut. - 
Colonel  A.  L.  Otway,  R.A.M.C.,  and  erected  by  him  without  any  help  from 
expert  engineers  and  solely  with  unskilled  Indian  labour.  Hence  it  is  easily 
constructed  and  suitable  for  most  parts  of  the  tropics,  except  perhaps  where 
there  are  very  heavy  rains.  It  may  be  called  the  fenestrated  pattern  and  is 
built  of  mud  bricks.  The  accompanying  photograph  (fig.  34)  and  the  plans 
(figs.  35  and  36)  reproduced  by  the  kind  permission  of  Lieut. -Colonel  Otway 
show  the  chief  features  of  this  type  of  kitchen.  It  embodies  the  desiderata 
already  mentioned,  except  that  it  is  not  provided  with  a  double  door.  This, 
however,  can  easily  be  furnished  in  places  where  flies  are  very  numerous,  and 
otherwise  the  building  answers  admirably. 

The  collection  and  disposal  of  sullage  waters  in  camps  are  subjects  considered 
in  a  separate  chapter,  but  something  may  here  be  said  regarding  ablution 
benches  and  cook-house  tables,  as  experience  in  the  late  war  has  led  to  various 
improvements  in  them. 

An  ablution  bench,  which  is  usually  of  wood,  should  always  be  furnished 
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with  a  rail  on  which  clothes  and  towels  can  be  hung,  as  otherwise  they  are  often 
thrown  on  the  ground  and  become  soiled.  The  towel  rail  may  conveniently 
form  part  of  the  bench,  while  separate  rails  for  clothes  can  be  erected  close  to 
the  benches.  The  bench  may  be  single  or  double  and  should  be  channelled 
and  sloped  to  carry  away  the  washings.  Sometimes  it  is  arranged  in  flaps 
carrying  basins.  The  hinged  flap  is  raised  and  the  basins  are  emptied  into  the 
channel.  Sometimes  the  men  wash  in  running  water  issuing  from  taps  attached 
to  a  pipe  placed  above  the  bench.  This  is  a  wasteful  method  and  it  is  better  to 
provide  tins  or  basins.  Soap  holders  should  also  be  provided,  and,  in  order  to 
prevent  pieces  of  soap  being  carried  over  into  the  mixing  pit  or  on  to  the  grid 
above  the  grease  trap,  a  little  barrier  of  perforated  tin  should  be  fixed  close  to 
the  lower  end  of  the  trough. 


Fig.  34.  Improvised  fenestrated  mud-brick  camp  kitchen  as  designed  by 
Lt.-Col.  A.  L.  Otway,  R.A.M.C.  Exterior  view. 

Whenever  possible  the  table  should  stand  on  a  cement  floor  which  is  also 
sloped  and  contains  a  channel. 

Dish-washing  tables  for  camp  kitchens  should  be  constructed  on  sanitary 
principles.  According  to  Major  Von  Zelinski  of  the  United  States  Army  the 
following  points  require  consideration  : 

‘  1 .  To  avoid  splashing  and  dripping  of  wash-water  about  the  ground,  which  latter 
is  a  source  of  attraction  to  flies. 

2.  To  save  time,  effort,  and  ready  soiling  of  fatigue  clothes  in  performing  the  duties 
of  this  detail. 

3.  To  obtain  the  benefits  of  sunlight  and  free  aeration  after  dishes  and  cooking 
utensils  have  been  washed  and  dried. 

4.  To  avoid  the  accumulation  of  grease  and  other  organic  material,  as  is  the  case 
around  and  upon  tables  or  benches  ordinarily  used  for  this  purpose.’ 

He  recommends  the  table  shown  in  fig.  37.  All  the  parts  are  readily 
accessible  and,  to  a  great  extent,  removable.  The  size  of  the  table  will  vary 
with  that  of  the  mess. 
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Fig.  35.  Plan  of  improvised  fenestrated  mud-brick  camp  kitchen  for  British 
troops,  as  designed  by  Lt.-Col.  A.  L.  Otway,  R.A.M.C.  . 
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Fig.  36.  Plan  of  improvised  fenestrated  mud-brick  camp  kitchen  for  Indian 
troops,  as  designed  by  Lt.-Col.  A.  L.  Otway,  R.A.M.C. 
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A  box  of  sand  sterilized  by  boiling  in  a  4  dixie  ’  (ETrdu  =  degshi)  may  with 
advantage  be  attached  to  any  kitchen  table  as  scrubbing  with  sand  is  an 
excellent  way  of  cleaning  a  greasy  surface,  especially  in  the  case  of  corrugated 
iron,  which  is  sometimes  employed  as  a  table  top.  White  wood  ash  is  even 
better,  as  one  can  be  certain  that  it  has  been  sterilized  when  being  prepared. 
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Fig.  37.  Special  type  of  table  for  washing  dishes.  Redrawn 

after  Zelinski. 


CHAPTER  5 

FOOD 


Synopsis  :  I.  Tropical  food-stuffs. 

(a)  Animal :  Meat,  p.  68  ;  Eggs,  p.  69  ;  Milk,  p.  69  ;  Butter,  p.  71 ;  Cheese,  p.  72  ; 
Turtle,  p.  72  ;  Fish,  p.  72  ;  ( b )  Vegetable  :  Cereals,  p.  76  ;  Bread  substitutes,  p.  77  ; 
Pulses,  p.  77  ;  Roots  and  tubers,  p.  79  ;  Vegetables,  p.  80  ;  Vegetable  oils,  p.  81  ;  Edible 
nuts,  p.  82  ;  Fruits,  p.  82  ;  Sugars,  p.  84  ;  Condiments,  p.  85  ;  Beverages,  p.  85. 

II.  Storage  and  preservation  of  food. 

Cold  Storage,  p.  86  ;  Storage  of  food  in  the  house,  p.  89  ;  Tinned  foods,  p.  90  ;  Eggs, 

p.  92. 

No  attempt  will  here  be  made  to  discuss  the  principles  of  dietetics  in  the 
tropics.  As  space  is  limited  it  is  thought  better  merely  to  deal  briefly  with 
the  chief  articles  of  diet  met  with  in  hot  countries  and  then  to  consider  the 
hygienic  aspects  of  food  supply,  i.  e.  questions  of  storage,  preservation,  and 
handling  of  food. 
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I.  TROPICAL  FOOD-STUFFS 

(a)  ANIMAL. 

Beef  and  Mutton  arc  usually  procurable  in  most  tropical  countries,  at  least 
in  coast  towns  and  large  inland  centres.  Beef  is  often  tough  and  tasteless  and 
mutton  may  be  described  as  the  staple  ‘  butcher’s  meat  ’  of  the  tropics.  Where 
‘mutton  clubs’  exist,  as  at  most  stations  in  India,  an  excellent  quality  of 
mutton  is  obtainable  but,  as  a  rule,  the  tropical  resident  has  to  be  content  with 
an  inferior  class  of  meat. 

Where  cold  storage  facilities  are  found,  as  at  certain  tropical  seaports, 
imported  frozen  beef  and  mutton  lend  variety  to  the  dietary  and  are  in  great 
request ;  but  they  must  be  consumed  quickly  after  leaving  the  ice-house,  as 
decomposition  sets  in  rapidly  under  hot  and  moist  conditions.  Fresh  meat 
should  never  be  kept  more  than  24  hours. 

Venison  is  obtainable  in  certain  countries  and  affords  a  welcome  change, 
It  resembles  mutton  rather  than  beef  but  is  not  so  rich  in  fat. 

Goat  flesh  is  sometimes  substituted  for  mutton,  but  is  chiefly  eaten  by 
natives,  especially  in  India,  where  it  enters  largely  into  the  dietary  of  the 
Hindus.  Europeans  sometimes  object  to  its  taste,  but  in  the  case  of  a  well-fed 
animal  its  short  fibres  make  it  tender,  while  the  comparative  absence  of  fat 
renders  it  more  easily  digested  than  either  beef  or  mutton.  Too  often,  however, 
the  meat  is  stringy  and  unsavoury,  for  the  goat  in  the  tropics,  at  least  in  the 
neighbourhood  of  towns,  develops  scavenger  habits  and  picks  up  a  precarious 
livelihood  which  does  not  tend  to  enhance  its  value  as  a  food  product.  Kid’s 
meat  is  preferable  to  that  of  the  adult  animal. 

Pork  is  rarely  eaten  by  the  European  in  the  tropics,  for  the  pig  has  a  bad 
reputation  as  a  scavenger  and  foul  feeder  and  its  proneness  to  parasitic  diseases, 
such  as  trichinosis  and  cysticercus  infestation,  is  well  known.  Moreover  pork  is 
a  fat  meat  and  hence  is  apt  to  be  indigestible. 

Poultry.  The  domestic  fowl  enters  very  largely  into  the  tropical  dietary. 
As  the  muscle  fibre  is  not  permeated  by  fat  it  is  easily  digested,  and  the  flesh  of 
young  birds  which  have  been  well  fed  is  tender  and  also  nutritious,  being  rich 
in  proteid  and  in  phosphates.  There  is  little  difference  in  nutritive  value 
between  the  dark  and  the  light  meat.  The  toughness  and  poor  quality 
of  the  tropical  chicken  is  unfortunately  proverbial,  and  there  is  no  doubt 
that  a  great  deal  could  be  done  to  improve  its  flesh  for  the  table.  The 
native  habit  of  cutting  the  bird’s  throat  and  allowing  it  to  bleed  to  death 
is  both  cruel  and  wasteful,  for  it  leads  to  deterioration  in  the  quality  of 
the  flesh. 

No  attempt  seems  to  have  been  made  in  the  tropics,  at  least  on  a  large  scale, 
to  substitute  fat  capons  and  poulardes  for  the  ordinary  market  fowls.  Although 
the  castration  of  fowls  intended  for  food  may  possibly  be  condemned  on  humani¬ 
tarian  grounds  it  seems  probable  that  the  introduction  of  this  method,  largely 
employed  in  Europe  and  the  United  States,  would  greatly  improve  the  tropical 
chicken  as  an  article  of  diet.  It  should,  however,  be  noted  that  Laurie,  the 
poultry  expert  at  Adelaide,  South  Australia,  states  that  as  the  result  of  capon- 
izing  experiments  it  has  been  shown  that  it  is  much  better  to  rely  on  fattening, 
as  the  to  5  months’  old  chicken  is  a  far  more  profitable  production  than  the 
caponized  fowl.  In  the  tropics,  however,  the  difficulty  is  to  fatten  fowls 
satisfactorily,  for  proper  modern  fattening  plants  are  required  as  well  as  con¬ 
siderable  care  and  experience. 
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Other  forms  of  poultry  and  the  different  varieties  of  game  bird  available  in 
most  tropical  countries  cannot  here  be  noticed,  with  the  exception  of  the  pigeon, 
which  figures  nearly  as  largely  as  the  chicken  in  the  tropical  menu.  It  is  well 
known  that  a  somewhat  exclusive  diet  of  pigeons  soon  palls  upon  one,  but  the 
pigeon  is  a  useful  bird,  though  in  the  tropics  it  is  far  too  frequently  eaten  when 
immature.  It  is  a  mistake  to  kill  the  nestlings  for  food.  The  young  adult 
bird  is  preferable  both  because  it  furnishes  a  larger  meal  and  because  it  is  better 
flavoured.  It  is  true  the  nestlings  are  fat,  but  from  the'  European  standpoint 
this  is  not  an  advantage. 

Eggs.  These  are  a  great  stand-by  in  the  tropics,  but  unfortunately  hen’s 
eggs  in  hot  countries  are  usually  very  small.  This  is  chiefly  due  to  lack  of  care 
in  the  breeding  and  feeding  of  fowls,  and  Europeans  who  keep  their  own  fowls 
and  attend  carefully  to  these  points  reap  a  reward  in  the  shape  of  larger  eggs. 
The  egg  is  an  excellent  nitrogenous  food  for  the  tropics  and  the  yolk  is  rich  in 
fat  and  phosphorus,  the  latter  in  organic  combination.  Phosphoric  acid,  lime, 
and  iron  are  the  chief  mineral  constituents  of  the  yolk.  The  iron  is  probably 
combined  with  nuclein  and  its  presence  renders  the  yolk  a  useful  food  in  cases 
of  anaemia,  which  is  so  common  after  malaria  and  other  debilitating  tropical 
diseases. 

Eggs  tend  to  decompose  very  quickly  in  hot  climates.  This  is  due 
in  part  to  the  porosity  of  their  shells,  and  the  tendency  can  be  averted 
by  the  use  of  one  or  other  of  the  methods  mentioned  later  under  food 
preservation. 

The  so-called  ‘  egg  powders  ’  sold  as  substitutes  for  eggs  consist  chiefly 
of  starch,  and  the  custards  prepared  from  them  have  little  nutritive 
value. 

Milk.  The  cow  is  the  chief  source  of  milk  in  the  tropics,  especially  of  that 
intended  for  European  consumption,  but  a  good  deal  of  buffalo  milk  is  used 
both  in  India  and  Egypt,  and  goat’s  milk  is  very  largely  consumed  by  the 
natives  of  Africa  and  India.  The  milk  of  the  ewe  is  also  a  staple  article  of  food 
amongst  various  peoples  in  the  tropics.  That  of  the  camel  enters  largely  into 
the  dietary  of  many  Arab  tribes,  while  ass’s  milk  and  mare’s  milk  are  also  drunk 
in  several  parts  of  the  tropical  world.  In  the  main  all  these  milks  resemble 
one  another,  but  each  possesses  certain  characteristics  which  it  is  well  to  note. 
Cow’s  milk  in  the  tropics,  at  least  as  it  comes  from  the  cow,  usually  compares 
favourably,  so  far  as  composition  is  concerned,  with  the  milk  obtainable  in 
England.  The  yield  is  often  low,  but  the  milk  is  concentrated  and  shows 
a  higher  percentage  of  fat  and  total  solids.  As,  however,  the  composition 
varies  with  the  breed  of  cow,  the  period  after  calving,  the  feeding  available,  and, 
in  some  countries,  the  season  of  the  year,  it  is  not  easy  to  establish  a  definite 
standard. 

In  the  northern  Sudan  the  following  averages  were  obtained  : 

Total  Solids.  Fat.  Solids  Sp.Gr. 

■  not  fat.  at  60°  F . 

14-72  5-45  9-27  1032-1 

There  appeared  to  be  no  appreciable  seasonal  variation. 

The  question  of  a  milk  standard  for  India  has  been  the  subject  ol  much 
discussion.  The  quality  of  the  milk  varies  so  much  in  different  parts  ol  that 
country  that  Joshi  has  advocated  the  establishment  of  local  milk  standards. 
As  the  result  of  the  analysis  of  500  specimens  of  milk  he  suggests  the  following 
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chemical  milk  standard  for  Bombay  and  Western  India,  buffaloes’  milk  and 
cows’  milk  being  contrasted  in  the  table  : 


Fat  per  cent. 

Non-fatty  Solids  per  cent. 

Average. 

Lowest  legal 
limit. 

Average. 

Lowest  legal 
limit. 

Buffaloes’  milk 

6-5  to  7-5 

5 

9  to  9-5 

8-5 

Cows’  milk  . 

4  to  5 

3-5 

8-5  to  9 

8-0 

The  following  bacterial  standard  for  Bombay  milk  has  been  proposed  as 
a  provisional  measure  : 

(a)  Microbes  per  c.c  :  These  should  not  exceed  two  millions  in  the  cold 
weather  (November  to  March),  and  five  millions  during  the  hot  and  rainy 
seasons  (April  to  October)  ;  (b)  Lactose  fermenters  :  These  should  be  absent 
in  a  dilution  of  1  :  100  in  the  cold  season  and  1  :  1,000  during  the  other  seasons  ; 
(c)  Microscopic  examination  of  the  sediment  should  show  only  a  few 
leucocytes  and  perhaps  a  few  cocci  and  bacilli,  but  pus  cells  and  (pathogenic) 
streptococci  should  be  always  absent  ;  ( d )  Pathogenic  microbes,  e.  g., 

tubercle  bacilli,  cholera  vibrio,  B.  typhosus,  etc.,  should  be  always  absent. 
It  should  be  remembered  that  in  tropical  countries  the  cow  not  infrequently 
develops  scavenger  habits  which  lead  to  deterioration  in  the  quality  of  its  milk. 
Bovine  tuberculosis  is  undoubtedly  rare  in  the  tropics  where  the  cattle, 
as  a  rule,  live  an  open-air  life. 

It  will  be  noted  that  buffalo  milk  has  a  high  fat  content  and  a  larger  pro¬ 
portion  of  total  solids  than  cow’s  milk.  It  is  not  so  easily  digested  as  the  latter, 
and  is  unsuitable  as  a  food  for  infants.  Blackham  states  that  his  analyses  in 
India  indicate  that  the  amount  of  butter  fat  in  buffalo  milk  is  most  in  warm 
and  moist  climates  such  as  Bengal,  and  least  in  hot  or  cold  and  dry  climates 
such  as  Peshawar.  He  found  the  percentage  of  fat  lower  than  that  recorded 
in  analyses  by  various  authorities,  his  figure  for  124  examinations  being  5-98. 
In  the  case  both  of  buffaloes  and  cows,  the  quality,  colour,  and  flavour  of  the 
milk  are  influenced  by  the  time  of  milking  and  the  number  of  times  the  animal 
is  milked,  there  being  usually  two  milkings  in  the  day.  There  is  more  fat  in 
the  last  part  of  the  milk. 

In  India  cream  is  usually  obtained  from  buffalo  milk. 

The  Public  Health  Department  of  Egypt  has  adopted  the  following  standards 
for  buffalo  and  cow  milk  : 


Figures  below  this  are  regarded  as  presumptive  evidence  of  adulteration. 
Useful  information  concerning  the  composition  of  cow’s  and  goat’s  milk  is 
contained  in  the  Report  and  Notes  of  the  Public  Health  Laboratories,  Cairo, 
for  1918,  while  Levine  in  the  Philippine  Journal  of  Science,  Vol.  XY,  No.  1,  for 
July  1919,  gives  an  account  of  the  milk  produced  in  southern  China.  It  is 
derived  from  both  buffaloes  and  cows. 

Water  is  frequently  added  to  milk  in  the  tropics  and,  as  stated  in  a  report 
on  the  milk  supply  of  Poona,  ‘  the  price  varies  with  the  quality,  there  being 
a  close  connexion  between  the  price  and  the  amount  of  water  added  ;  for 
instance  all  milk  sold  at  less  than  six  seers  for  one  rupee  (Is.  Id.  per  gallon) 
is  almost  certain  to  be  adulterated  ’  (Mann). 


Buffalo  milk  j  foLs,'  not  fat 
Cow  milk  |  Solids,' not  fat 


Not  less  than  5  per  cent 
>5  j?  8*5 ,,  ,, 

Q 

55  55  55  °  55  55 

J5  5  9  J5  8*5  ,,  ,, 
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In  this  connexion  mention  may  be  made  of  a  simple  test  devised  by  Knappe 
for  the  rapid  detection  of  the  addition  of  water  to  milk.  Ten  cubic  centimetres 
of  milk  are  treated  with  a  few  drops  of  rennet  solution  until  the  milk  begins  to 
coagulate.  It  is  then  heated  on  a  water  bath  at  35°  to  40°  C.  for  two  minutes 
and  stirred  with  a  thick  platinum  rod  so  as  to  break  up  the  casein.  Thereafter 
it  is  poured  through  an  extremely  fine  gauze  thimble  placed  in  the  upper  part 
of  a  tube  which  is  narrowed  below  and  graduated  to  10  c.c.  The  serum  is  pressed 
out  of  the  casein  with  a  glass  rod,  and  if  more  than  8  c.c.  collect  below  the 
presence  of  added  water  is  indicated. 

Its  association  with  undulant  fever  has  caused  goat’s  milk  to  be  viewed 
with  some  suspicion  in  many  tropical  countries,  but  apart  from  this  goat’s  milk 
has  much  to  commend  it.  The  goat  is  a  cleanly  animal  and  is  practically 
immune  to  tuberculosis.  It  is  often  said  that  goat’s  milk  has  a  strong  odour 
and  a  flavour  suggestive  of  the  animal  from  which  it  is  derived,  but  it  has  been 
shown  that  any  special  odour  and  flavour  are  due  to  conditions  of  feeding. 
If  goats  are  allowed  to  roam  about  and  browse  on  all  kinds  of  vegetation  their 
milk  is  apt  to  be  strong  in  odour,  but  a  she-goat  properly  and  carefully  fed  and 
kept  apart  from  the  male  yields  a  milk  which,  so  far  as  odour  and  flavour  go, 
is  indistinguishable  from  cow’s  milk. 

Goat’s  milk  is  usually  richer  in  cream  but  poorer  in  proteid  than  cow’s  milk. 
Snell  has  pointed  out  that  the  amount  of  fat  present  must  be  tested  with  a  proper 
butyrometer,  for  the  cream  is  in  much  finer  globules  than  in  cow’s  milk  and 
does  not  so  easily  separate  out.  It  is  interesting  to  note  that  recent  American 
work  has  shown  that  goat’s  milk  differs  from  cow’s  milk  (1)  in  containing 
tricalcium,  dimagnesium,  trimagnesium,  and  monopotassium  phosphates,  and 
(2)  in  containing  no  monomagnesium  or  dipotassium  phosphates.  Like  cow’s 
milk  and  human  milk  it  contains  potassium  citrate.  It  seems  to  possess  the 
greatest  variety  of  salts,  and  the  chlorides  are  present  in  much  larger  quantities 
than  in  cow’s  milk  or  human  milk.  These  observations  should  be  repeated 
in  the  tropics  where  goat’s  milk  is  so  greatly  in  request. 

Records  of  analyses  of  samples  of  buffalo,  cow,  and  goat  milk  at  Manila 
will  be  found  in  the  Philippine  Journal  of  Science ,  Vol.  II,  Section  B,  1907 
(Musgrave  and  Richmond). 

Ewe’s  milk.  Colonel  King  has  furnished  information  to  show  that  the  fat 
content  of  ewe’s  milk  is  high,  a  fair  average  analysis  being  water  81-3,  total 
solids  18-7,  fat  6-8,  sugar  4-8,  proteids  6-3,  and  ash  0-8.  (Vieth). 

Camel’s  milk.  An  analysis  by  Doremus,  also  kindly  furnished  by  Col.  King, 
gives  the  following  :  water  87-13,  solids  12-87,  fat  2-87,  sugar  5-39,  casein  3-49, 
albumin  0-38,  and  ash  0-34. 

It  has  a  laxative  effect,  a  property  also  shared  by  ass’s  milk.  Ass’s  milk  is 
poor  in  fat  and  has  also  less  proteid  and  mineral  matter  than  cow’s  milk.  Mare’s 
milk  resembles  it  but  is  richer  in  sugar. 

Butter.  It  is  but  rarely  that  good  fresh  butter  can  be  obtained  in  the 
tropics,  except  in  a  few  favoured  places  where  a  dairy  organization  exists  or  in 
the  case  of  those  who  keep  their  own  cows.  Recourse  has  often  to  be  had  to 
tinned  butter  of  which  there  are  several  good  brands  on  the  market.  Its  flavour 
can  often  be  improved  by  beating  it  up  well  in  pure,  cold  water  before  use. 

Native  cooks  employ  various  oils  and  fats  in  preparing  food.  They  are  apt 
to  use  too  much  when  cooking  European  foods  and  some  of  the  oils  used,  such 
as  the  semna  or  sim-sim  ( Sesamum  indicum )  of  Egypt  and  the  Sudan,  if  in 
excess,  impart  a  disagreeable  taste  to  the  viands.  The  clarified  native  butter 
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in  India  is  called  ghee.  This  important  product  cannot  be  here  considered  but 
reference  should  be  made  to  Professor  Simpson’s  work  which  describes  its 
manufacture,  details  its  uses  and  furnishes  information  as  regards  its  adulterants 
and  the  standard  which  has  been  established  for  it. 

Cheese.  As  a  rule  imported  cheese  is  consumed  in  the  tropics.  It  should 
be  noted  that  in  countries  where  undulant  fever  occurs  the  Micrococcus  meli - 
tensis  may  persist  in  a  living  state  in  white  cheeses  made  from  contaminated 
milk  for  a  period  of  three  months.  Ripened  cheeses  and  those  allowed  to 
ferment  are  said  to  be  safe. 

Turtle.  Green  turtle  frequently  figures  in  the  tropical  menu.  Both  the 
soup  and  the  flesh  require  seasoning  to  give  them  the  best  flavour.  In  the 
West  Indies  the  flesh  and  fat  (a  species  of  gelatin)  adhering  to  the  shell  of  the 
belly  form  a  popular  dish  under  the  name  of  ‘  boucan  Turtle  meat  is  also 
used  after  salting  or  drying  in  the  sun.  The  ‘  jerked  ’  flesh  is  usually  made 
into  soup.  Turtle  is  easily  digested  but  has  not  a  high  nutritive  value.  The 
eggs  of  marine  turtles  are  edible  and  those  of  certain  river  turtles  are  also  eaten, 
notably  in  South  America  and  the  East  Indian  Archipelago. 

Fish.  Fish  flesh  lacks  the  extractives  which  in  beef  and  mutton  serve  to 
stimulate  appetite  and  digestion,  and  hence  an  exclusive  fish  dietary  is  not 
to  be  recommended,  more  especially  in  the  tropics  where  such  stimulation  is 
very  desirable.  At  the  same  time  fish,  except  the  fat  fish,  as,  for  example, 
herring,  salmon,  mackerel  and  mullet,  and  possibly  also  cod,  is  more 
easily  digested  than  meat  and  it  has  a  high  nutritive  value.  Indeed  Drummond 
has  shown  that  the  coagulable  proteins  of  the  muscle  tissue  of  cod,  herring, 
and  canned  salmon  have  a  nutritive  value  as  high  as  those  derived  from 
beef.  Fish  makes  a  very  welcome  addition  to  the  somewhat  monotonous 
tropical  dietary  and  fatty  fish  may  prove  to  be  valuable  sources  of  fat-soluble 
vitamine. 

As  a  rule  sea-fish  are  the  more  palatable  and,  if  only  cold  storage  and  cold 
transport  facilities  were  more  generally  provided  in  tropical  countries,  this 
valuable  source  of  food  would  be  available  in  many  inland  centres  which  at  the 
present  time  have  to  do  without  fish  altogether  or  have  to  rely  on  fresh-water 
fish.  These  can  be  obtained  in  quantities  only  when  the  community  is  close  to  a 
large  river  or  lake,  but  they  are  by  no  means  to  be  despised. 

Fish  caught  in  the  tropics  should  be  kept  alive  if  possible  until  they  are 
required  to  b  i  cooked.  If  this  cannot  be  done  they  should  be  cleaned  and  kept 
in  the  shade,  sea-fish  being  placed  in  sea-water  if  no  cold  storage  is  available. 
Gross  of  McGill  University  has  shown  that  eviscerated  fish  from  which  the  gills 
have  not  been  removed  putrefy  more  rapidly  than  those  in  which  this  has  been 
done,  and  he  recommends  that  they  be  removed  as  a  preservative  measure. 

It  is  of  interest  to  mention  some  of  the  more  important  edible  fishes  of  the 
tropics.  More  extensive  lists  than  can  be  given  here,  but  lists  which  unfor¬ 
tunately  do  not  include  much  about  Africa,  will  be  found  in  the  excellent  and 
practical  little  handbook  called  Food  for  the  Tropics  by  Macknight  (1904),  to 
which  frequent  reference  has  been  made  in  writing  this  section. 

Most  salt-water  fishes  are  used  as  food,  though  under  certain  conditions  and 
at  certain  seasons  some  are  unwholesome  or  actually  poisonous.  When  it  is 
stated  that  as  many  as  350  different  species  appear  for  sale  in  the  markets  at 
Honolulu  and  Hawaii  it  will  be  apparent  that  it  is  only  possible  to  mention 
some  of  the  best  known  and  most  prized. 

1.  Salt-water  fishes.  The  family  Carangidae  or  Pampanos,  common  in  West 
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Indian  waters,  possesses  many  species  valued  as  food.  With  the  exception  of 
Caranx  bartholomei ,  the  green  cavalla,  those  belonging  to  the  genus  Caranx 
which  do  not  possess  a  well-marked  black  spot  on  the  gill  covers  should  be 
excluded.  One  of  the  Carangidae,  Carangus  sem,  the  Ulua,  is  reputed  the  finest 
large  food  fish  of  the  Southern  Seas.  Trachinotus  carolinus,  a  Pampano  of  the 
Gulf  of  Mexico,  is  also  very  highly  esteemed. 

Amongst  the  family  Scombridae  or  mackerels  may  be  mentioned  the  King- 
fish  S comber omorus  cavalla ,  also  a  West  Indian  fish  of  high  repute.  The  adult 
fish  is  known  as  the  Cero  ;  the  young  king-fish  commonly  called  Coramour 
is  a  great  delicacy.  In  the  Gulf  of  Mexico  and  parts  of  the  Caribbean  the 
excellent  Spanish  mackerel  ( S .  maculatus )  is  found.  Allied  to  the  mackerels 
is  the  very  rich  and  delicate  Moon-fish  or  Great  Opah,  Lampris  luna ,  and  the 
Blue-fish,  Pomatomus  saltatrix.  Other  West  Indian  sea-fish  which  may  be 
mentioned  are  the  Barracuda,  Sphyrcena,  the  Schnappers,  notably  a  fish  called 


Fig.  38.  Mugil  hospes  Jordan  &  Culver.  A  species  of  mullet,  one-third 
natural  size.  Common  at  Panama.  Note  that  pectoral  fin  is  much  longer 
than  that  of  M.  curerna.  After  Jordan,  from  The  Fishes  of  Sinaloa.  (Leland 
Stanford  Jr.  University  Publications.) 

Yellow-tail,1  Lutianus  chrysurus,  the  Flying-fish  ( Exoccetus ),  much  prized  as 
a  breakfast  dish,  and  species  of  Sea-bass,  Serranidte,  Needle-fishes,  Esoeidse, 
mullets  (fig.  38),  flounders,  and  plaice.  Special  mention  may  be  made  of  the 
Mutton-snapper  of  Cuba,  Lutianus  analis,  the  Pargo  criollo,  which  is  an  excellent 
fish  and  never  unwholesome.  Another  species  of  Lutianus  is  shown  in  fig.  39. 
while  fig.  40  represents  a  highly-prized  variety  of  sardine. 

Some  of  the  above,  such  as  certain  species  of  Caranx,  are  taken  off  the  South 
American  coast  where  at  Rio  de  Janeiro  the  mullet,  Mugil  liza,  is  a  good  food 
fish.  Certain  of  the  dolphins,  Coryphsenidae,  are  edible  fish  while  the  Agulha- 
creola,  Hemirhamphus  brasiliensis,  is  known  in  the  fish  markets  of  Rio  de  Janeiro 
and  Bahia.  Fig.  41  shows  a  species  of  Hemirhamphus  found  in  Panama  waters. 

In  Asiatic  waters  another  Hemirhamphus,  H.  cantori,  the  Guard-fish,  is  used 
for  food  while  the  Shad-fisli,  Clupea  ilisha  or  Hilsa  (Indian  salmon)  and  the 
Seir-fish,  Cybium  commersonii,  are  well  known.  The  latter  is  caught  also  at 
Zanzibar  and  off  the  East  African  coast.  Species  of  Mullet  and  of  Pomfret, 
Stromateus,  are  largely  used,  fresh  or  salted,  while  the  famous  Bombay  Duck 
is  a  sea-fisli,  Iiarpodon  nehereus.  An  illustration  of  the  valuable  Milk-fish  of  the 

1  The  Californian  Yellow-tail,  Seriola  dorsalis,  also  an  edible  fish,  is  one  of  the  Carangidae 
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Philippine  Islands  is  given  in  fig.  42  and  Plate  I  shows  three  well-known  Philip¬ 
pine  sea-fish  belonging  to  different  genera. 

The  tropical  seas  of  Africa  furnish  many  excellent  fish,  such  as  the  Seir-fish 
already  mentioned,  various  species  of  Pomfret  and  Caranx,  skates  of  several 


Fig.  39.  Lutianus  jordani  Gilbert.  Panama.  Average  length  of  adult  fish  40  cm. 
(After  Gilbert  and  Starks  :  Stanford  University,  California.) 


Fig.  40.  Sardinella  stolifera  Jordan  &  Gilbert.  A  species  of  sardine  exceed¬ 
ingly  abundant  in  the  Astillero  at  Mazatlan.  The  flesh  is  very  rich  and  delicate, 

No  fish  of  less  than  ^lb.  weight  is  saleable  in  the  market  at  Mazatlan.  (After 
Jordan,  from  The  Fishes  of  Sinaloa.)  (Leland  Stanford  Jr.  University 
Publications.) 

kinds,  including  the  Blue  skate,  Stromateus  niger ,  and  mullets  such  as  Mugil 
cephalus,  found  on  the  West  Coast. 

Maeknight  furnishes  a  comparatively  lengthy  list  of  the  edible  fish  found  in 
the  South  Pacific  and  in  Australasian  waters.  In  addition  to  those  of  the  herring 
family  which  he  gives,  Clupea  pallasi  may  be  mentioned,  also  the  Uku  of  Hawaii, 
Aprion  virescens.  Bass,  bream,  mullet,  a  species  of  seir-fish,  the  jew  fish  and  the 
javelin  fish  figure  in  the  list,  which  also  includes  Nereis,  a  small  marine  worm 
esteemed  a  great  luxury  in  certain  of  the  Pacific  Islands  and  known  as  4  Palolo  \ 
2.  Fresh-water  fishes.  A  very  few  notes  about  these  must  suffice.  As 
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Fig.  1. — Epinephelus  mecjachir  Richardson.  Lapo-lapo,  Grouper. 

Fig.  2. — Oaranx  speciosu.s  Forskal.  Talakitok.  Pompano.  Fair  average  length, 
34  cm. 

Fig.  3 . — Lutianus  dodecacanthus  Bleeker.  Mayamaya,  Red  snapper.  Good 
average  length,  35  cm. 

After  Seale.  Philippine  Journal  of  Science.  A.  Vol.  3.  1908. 
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regards  Africa  the  edible  fish  of  the  Nile  are  on  the  whole  similar  to  those  found 
in  the  Congo,  Niger,  Zambesi,  and  other  large  tropical  rivers.  Amongst  them 
the  Siluridse  or  Cat-fishes  may  be  mentioned  as  they  are  much  used  for  food, 
especially  by  natives.  Many  have  an  earthy  taste  which  is  not  appreciated  by 
the  European  palate,  but  some  do  not  possess  this  quality  in  any  marked  degree. 
Species  of  the  genera  Synodontis ,  Bagrus,  Clarias,  and  Schilbe  may  be  cited. 
Schilbe  mystus ,  the  Shilbaya  of  the  Arabs,  though  small,  is  well  flavoured.  The 
family  of  Mormyrids,  which  are  electric  fish,  are  of  some  value  as  food,  but 
of  more  importance  is  a  species  of  the  family  Serranidae,  Lates  niloticus,  the 


Fig.  41.  Hemirhamphus  saltator.  Panama.  Averages  from  41  to  46  cm.  in  entire 
length.  (After  Gilbert  ^nd  Starks  :  Stanford  University  California.) 


Fig.  42.  Bangos,  Milk-fish.  Chanos  chanos  Forskal.  This  fish  is  well  adapted 
to  pond  culture  ;  it  thrives  best  in  brackish  water.  The  adult  fish  may  reach 
a  length  of  1*2  metre.  (After  Seale,  Philippine  J  ournal  of  Science,  A.  Vol.  Ill,  1908.) 


so-called  mountain  perch,  the  smaller  individuals  of  which  are  excellent.  Another 
well-known  Nile  fish  is  the  Bulti,  Tilapia  nilotica ,  belonging  to  the  Cichlidse. 

The  Rohu,  Labeo  rohita,  is  one  of  the  best  known  fresh-water  edible  fishes 
of  India  and  Burma  where  Cat-fish  of  the  genus  Clarias  are  also  used  as  food. 
The  Cyprinidae  or  Carp  family  likewise  furnish  food  fishes,  as,  for  example,  the 
Catla,  Catla  buchanani  and  the  Mahaseer,  Barbus  mosal,  the  latter  found  in 
mountain  streams. 

The  Mango-fish,  Polynemus  paradiseus ,  may  also  be  mentioned.  In  Bengal 
it  is  called  Topsi-mutchi. 

Carp  form  the  chief  edible  fish  of  Southern  China, .while  the  small,  nearly 
transparent  Pak-fan-eu  or  White  Rice  fish  are  considered  a  delicacy. 

3.  Shell-fish.  It  is  probably  the  wisest  plan  to  look  upon  all  tropical 
shell-fish  with  suspicion.  Many  of  them  are  distinctly  unwholesome  and  even 

1  The  rivers  of  South  America  abound  in  edible  fish.  Here  mention  can  only  be  made  of 
the  huge  Pira-rucu  or  Cod-fish  of  the  Amazons  ( Arapaima  gigas )  and  of  Pescada,  also  a  fish 
of  the  Amazon  system.  The  flesh  of  the  former  is  coarse  but  is  highly  valued  by  the  natives  ; 
that  of  the  latter  is  delicate  and  flaky.  The  Pescada  itself  attains  a  weight  of  about  six  pounds. 
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poisonous  when  ont  of  season  and,  under  tropical  conditions,  it  is  rarely  possible 
to  be  certain  as  to  their  source,  while  they  are  often  exposed  to  contamination 
and  deteriorate  rapidly  after  collection.  This  applies  specially  to  those  which  are 
eaten  raw,  e.  g.  oysters,  but  is  sometimes  true  also  of  cooked  shell-fish  such 
as  mussels.  Prawns  may  give  rise  to  intestinal  irritation  and  at  all  times  require 
careful  cooking. 

(b)  VEGETABLE. 

(i)  Cereals.  Although  wheat,  barley,  and  oats  are  grown  in  certain  parts  of 
the  tropics  they  need  not  be  here  considered. 

Maize  (Zea  Mays)  is  said  originally  to  have  been  a  native  of  South  America 
and  is  very  largely  used  both  in  Tropical  America  and  Tropical  Africa  where  the 
Swahilis  call  it  Mahindi  and  the  Haussas  Mussara.  In  South  Africa  it  is  known  as 
mealies  or  Mielie.  It  is  also  employed  as  a  food-stuff  in  India  and  is,  indeed, 
called  Indian  corn  (Makkai  or  Bhutta).  It  is  the  Dura  Shami  of  Egypt  and  the 
Sudan.  Its  deficiency  in  gluten  prevents  bread  being  made  from  it  unless  it 
is  mixed  with  wheat  flour.  It  contains  much  fat,  twice  as  much  as  in  wheat, 
and  is  apt  to  develop  a  rancid  flavour  on  keeping,  but  when  fresh  and  properly 
cooked  it  is  a  very  valuable  native  food.  In  Central  Africa  certain  tribes  prefer 
certain  classes  of  mealie-meal,  and  its  preparation  for  large  bodies  of  men  is 
a  most  important  matter  requiring  care  and  supervision.  Otherwise,  in  the 
case,  say  of  carriers,  there  is  likely  to  be  trouble  owing  to  digestive  disorders 
and  the  distaste  of  the  men  for  the  fare  provided,  which  is  in  the  form  of  porridge. 
The  difficulty  is  due  to  the  fact  that  maize  contains  much  husk  and  the  starch- 
containing  cells  have  to  be  opened  by  grinding.  As  native  methods  are  primitive 
their  flour  is  rather  coarse,  but  once  natives  become  used  to  finer  grades  of  flour 
they  prefer  them  and  reject  coarser  varieties.  The  young  cobs,  especially  of 
the  variety  known  as  sugar-corn,  boiled  and  eaten  with  butter  are  esteemed 
a  delicacy  by  Europeans  who  also  in.  certain  places  use  the  young  succulent 
ears  and  cook  them  with  Lima  beans  to  form  the  dish  known  as  4  Succotash  ’. 
Parched  maize,  made  chiefly  from  sugar-corn,  is  a  common  food  among  the  hill 
tribes  of  India,  as  it  is  easily  carried  by  people  who  have  to  travel  long  distances. 
The  4  tortilla  5  of  South  America  is  a  roasted  cake  made  of  maize  while  cornflour 
is  a  maize  product  prepared  by  washing  away  the  proteid  and  fat  till  little  but 
starch  remains. 

El  gofio  is  a  food-stuff  which  has  been  raised  for  use  in  warm  climates  and 
recommended  as  a  ration  for  soldiers.  It  is  manufactured  from  different  flours, 
including  those  obtained  from  wheat,  maize,  barley,  rye,  white  lupine,  chick 
peas,  and  beans  and  is  said,  along  with  milk  and  eggs,  to  furnish  ample  nourish¬ 
ment  in  the  tropics. 

Millet.  Various  species  of  millet  are  grown  in  hot  countries,  the  best  known 
being  Guinea  Corn,  Kaffir  Corn  or  Great  Millet  (i Sorghum  vulgare).  It  is  a  very 
important  grain  food  for  natives  in  Africa,  India,  the  West  Indies,  and  China, 
being  known  as  Dura  in  North  Africa  and  Arabia,  Dawa  in  Haussa,  Matarna 
in  East  Africa,  Mabele  in  South  Africa,  Juar  or  Joar  in  Hindustani,  Kau-liang 
in  China.  The  seeds  arc  ground  and  the  meal  made  into  cakes  or  porridge. 
The  small-seeded  Bulrush  Millet  (Pennisetum  typlioideum ),  the  Dukhn  of  the 
Arabs,  Lajra  of  the  Hindu  and  Matesi  of  Central  and  East  Africa,  merits  mention, 
as  does  the  somewhat  similar  Eleusine  coracana ,  called  Telebun  in  the  Sudan  and 
Ragi  in  parts  of  India.  A  very  small  African  Millet  is  Eragrostis  abyssinica  or 
Teff  and  there  are  other  species,  such  as  Little  Millet  ( Panicum  miliaceum). 
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Rice  ( Oryza  sativa)  is  paddy  deprived  of  its  husk.  It  contains  76  per  cent 
of  starch  but  is  poor  in  other  constituents.  Rice  is  digested  slowly  owing  to 
its  high  starch  content  but  is  very  completely  absorbed  from  the  alimentary 
canal  and  therefore  possesses  a  high  nutritive  value.  It  is  one  of  the  staple 
foods  of  the  tropics  and  should  be  taken  along  with  food  rich  in  nitrogenous 
substances  such  as  the  pulses,  eggs,  fish,  and  ghee.  Rice  sticks,  made  by  boiling 
rice  and  sugar  together  until  a  glue  is  formed  which  is  then  moulded  into  the 
shape  of  a  stick,  are  a  common  article  of  diet  for  native  children  in  the  Philippines. 

Hill  rice  or  dry  land  rice  is  a  variety  (0.  montana)  grown  on  sloping  ground 
which  is  not  terraced  to  hold  up  water. 

Bread  substitutes.  Apart  from  the  cereals,  three  important  substitutes 
for  bread  deserve  mention  : 

Breadfruit  (Artocarpus  incisa)  is  found  chiefly  in  the  Far  East  and  the 
Pacific  Islands.  Thirteen  varieties  of  it  are  known.  Breadfruit  has  been 
analysed  and  found  to  have  approximately  the  food  value  of  ordinary  Irish 
potatoes,  at  least  when  containing  nearly  the  same  percentage  of  moisture.  It 
is  cooked  in  a  variety  of  ways  before  being  eaten. 

Plantain  ( Musa  sapientum,  var.  paradisiaca).  In  India  bananas  are  called 
plantains,  and  hence  a  good  deal  of  confusion  has  arisen,  but  the  plantain,  of 
which  there  are  many  varieties,  is  quite  distinct,  being  longer  and  larger  than 
the  banana,  which  is  the  fruit  of  Musa  sapientum  ( vide  infra).  Unlike  the  banana 
the  plantain  is  not  sweet  and  is  not  allowed  to  ripen,  the  fully  grown  but  still 
green  fruit  being  peeled  and  cooked  for  table  use.  A  flour  or  meal  is  prepared 
from  it  known  as  4  conquintay  ’  in  the  West  Indies  and  British  Guiana.  Grated 
plantain  is  often  made  into  puddings. 

Sago  is  obtained  from  several  species  of  sago  palm,  notably  Metroxylon 
Rumphii  and  M.  sagu,  the  starch  being  washed  out  of  the  pith  and  dried.  It 
contains  86^-  per  cent  of  starch  and  takes  the  place  of  rice  in  eastern  islands  of 
the  East  Indian  Archipelago. 

(ii)  Pulses.  These  are  represented  by  beans,  the  grams  of  India,  peas 
and  lentils,  and  are  rich  in  nitrogen,  starch,  and  phosphates.  The  ash  of  the 
lentil,  and  especially  the  Egyptian  lentil,  contains  much  iron. 

The  Lima  bean  or  sugar  bean  of  the  West  Indies,  Phaseolus  lunatus,  is 
a  native  of  Tropical  America  where  it  enters  largely  into  the  dietary.  The  seeds 
vary  in  colour  from  purplish  black  or  deep  brown  (as  grown  for  4  Green  Manur¬ 
ing  ’  soil  in  Java  and  Mauritius)  through  pink  with  purple  splotches  (as  grown 
for  local  consumption  and  export  in  Burma,  the  so-called  pegya  beans)  to  pale 
cream  (as  grown  for  food  in  Madagascar  and  South  America).  It  should  be 
noted  that  the  dark  coloured  varieties  yield  up  to  0  J  per  cent  of  prussic  acid 
when  ground  up  and  moistened  with  water  and  have  at  various  times  been 
responsible  for  poisoning  cases,  both  in  men  and  animals.  The  Burmese  variety, 
though  it  yields  prussic  acid,  contains  it  in  such  small  quantities  that  it  is 
harmless.  The  prussic  acid  content  seems  to  be  highest  in  seasons  that  are 
unusually  dry.  Phaseolus  mungo  is  the  green  gram  of  India,  called  Mung  in 
Hindustani,  Munge  in  Arabia,  and  by  a  number  of  names  in  East  Africa.  There 
are  green,  yellow,  and  black-seeded  varieties.  The  black  gram  of  India  is 
a  variety  (var.  radiatus)  of  the  above,  and  is  considered  the  best.  Its  common 
Hindustani  name  is  Urd  and  it  forms  the  chief  constituent  of  the  water  biscuits 
known  in  Bombay  as  4  papad  ’  (Macknight).  Red  gram  is  the  Cajan  or  Pigeon 
pea,  Cajanus  indicus,  or  Dal,  called  Toovar  or  Arahar  by  the  Hindus  and  Kadjan 
by  the  Arabs.  In  the  Sudan  it  goes  by  the  name  of  Ads  Sudani  or  Sudan  lentils. 
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It  has  recently  been  introduced  as  a  food  into  India  where  it  is  Known  as  Ads 
Afrangi.  In  the  West  Indies  the  small  variety  is  called  No  Eye  Pea,  and  the 
large,  Congo  Pea.  East  African  names  for  it  are  Baraz,  Thur,  and  Mbalasi. 

The  moth  bean,  so  called  from  its  Hindu  name  (Moth),  is  Phaseolus  aconiti- 
folius  and  is  an  important  crop  in  certain  parts  of  India.  It  is  used  for  making 
cakes. 

The  soy  bean  ( Glycine  hispida)  has  the  largest  nitrogen  content  of  all  the 
pulses  and  is  rich  also  in  fat  but  poor  in  starch.  It  is  a  native  of  Cochin-China, 
Japan,  and  Java  and  is  used  extensively  in  China  and  Japan  as  a  cheese,  known 
in  these  countries  respectively  by  the  names  of  Ten-hu  and  Tofu.  It  is  also 
employed  in  the  form  of  sauces  and  pastes  which,  being  rich  in  proteid,  are 
well  suited  for  consumption  with  rice.  See  page  77.  In  India  it  is  called  Bhat. 

The  catiang  bean  (Vigna  catiang),  known  in  Hindustan  as  Lobia  or  Chowli 
and  in  Arabic-speaking  countries  as  Lubia,  is  very  extensively  grown  throughout 
the  tropics  but  its  food  value  is  less  than  that  of  black  gram. 

The  velvet  bean  ( Mucuna  nivea )  is  grown  in  the  East  Indies  and  has  been 
introduced  into  Nyasaland,  where  it  is  said  to  have  been  much  appreciated  by 
the  natives  during  the  partial  famine  of  1913.  The  young  immature  pods  are 
eaten  as  a  green  vegetable,  their  tough  outer  skins  being  first  removed.  There 
is  some  evidence  to  show  that  the  ripe  seeds  when  used  as  baked  beans  may 
act  as  an  intestinal  irritant. 

Other  pulses  of  this  kind  which  may  be  mentioned  are  :  Cyamopsis  psoraliodes 
or  Guar  bean  ;  Cicer  arietinum,  the  chick  pea  or  chena  ;  Pisum  arvense, 
the  field  pea  ;  Dolichos  biflorus  or  Horse-gram  ;  Dolichos  lablab  vulgare  or 
Indian  bean  ;  Lathyrus  sativus  or  khesari  dal  which,  under  certain  conditions, 
may  produce  lathyrism  ;  Pitliecolobium  dulce,  Inga  bean  ;  Canavalia  ensiformis, 
the  Sword  bean  or  Jack  bean  of  Sierra  Leone. 

The  ground-nut  or  peanut  [Arachis  hypogea),  known  in  the  Sudan  as  Ful 
Sudani,  by  the  Swahilis  as  Njugu,  amongst  the  Haussas  as  Geda,  in  Hindu  as 
Mung-phali,  in  Chinese  as  Loh-hwa-sang,  and  in  the  West  Indies  as  Pindar, 
closely  resembles  the  true  nuts  though  botanically  it  is  one  of  the  pulses.  It  is 
rich  in  proteids  and  fats  and  is  a  valuable  food-stuff  widely  distributed  through¬ 
out  the  tropics.  It  furnishes  an  excellent  oil  which  has  good  keeping  qualities. 

New  work  by  Mackenzie  Wallis  has  shown  that  the  ground-nut  is  a  specially 
valuable  source  of  protein.  His  conclusions  are  so  important  that  they  are  here 
reproduced  from  the  Indian  J ournal  of  Medical  Research  : 

‘  It  would  seem  that  in  a  country  like  India,  where  this  legume  grows  in  abundance, 
that  Nature  has  provided  a  cheap  and  efficient  source  of  nitrogenous  material  to 
supplement  the  diet  of  the  native,  which  is  rich  in  carbohydrates  and  poor  in  protein. 
The  surprising  fact  is  that  so  little  attention  has  been  paid  to  this  in  the  past,  possibly 
due  to  the  lack  of  organization  in  the  ground-nut  industry.  The  adoption  of  ground¬ 
nut  cake  as  a  food  can  be  urged  both  on  scientific  grounds  and  also  from  economic 
considerations.  Wheat,  oats,  and  several  other  cereals  are  markedly  deficient  in  the 
so-called  basic  amino-acids,  and  we  have  in  ground-nut  cake  the  largest  amount  of 
these  building  stones  of  any  known  cake.  Further,  we  know  that  many  of  these 
cereals  will  not  by  themselves  support  life  because  of  such  deficiencies,  but  directly 
they  are  made  good  then  growth  and  nutrition  can  be  maintained.  What  better 
source  of  these  deficiencies  in  wheat,  etc.,  could  we  find  than  in  the  ground-nut  cake  ? 
Now,  ground-nut  cake,  in  order  to  render  it  palatable,  easily  digested,  and  free  from 
any  objectionable  taste,  requires  to  be  properly  prepared.  The  ground-nuts  as  ob¬ 
tained  after  decortication  require  to  be  washed  free  from  grit,  dirt,  stones,  etc.,  and 
then  the  red  skin  coating  the  kernels  must  be  removed  as  completely  as  possible.  The 
clean  white  kernels  are  now  subjected  to  hydraulic  pressure  to  remove  the  Arachis 
oil.  After  this  expression,  which  should  always  be  carried  out  in  the  cold,  the  ground- 
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nut  cake  still  contains  too  much  oil— between  9  and  10  per  cent  or  even  as  much  as 
15  per  cent.  Such  a  cake  when  ground  up  will  yield  a  flour  with  a  taste  of  the  ground¬ 
nut,  which  is  slightly  bitter.  Further,  there  is  too  much  oil  in  it  to  make  it  really 
serviceable  for  the  making  of  bread  or  biscuits.  A  large  number  of  experiments  were 
carried  out  with  such  a  cake,  but  it  was  found  that  the  bread  made  from  it  was  always 
too  heavy.  Now  by  simply  warming  the  cake  and  then  subjecting  it  again  to  hydraulic 
pressure,  some  of  this  oil  is  removed.  The  cake  is  now  ground  up,  and  yields  an 
excellent  flour,  which  possesses  a  slightly  sweet  taste,  and  is  far  superior  in  every  way 
to  the  cake  containing  10  per  cent  or  more  of  oil.  The  small  amount  of  oil  remaining, 
usually  about  5  per  cent,  is  on  the  whole  beneficial,  since  it  tends  to  preserve  the 
flour,  increase  its  nutritive  properties,  and  makes  a  light  and  easily  preserved  biscuit. 
All  objections  to  the  ground-nut  as  an  article  of  food  are  thus  removed,  since  the  oil 
is  the  constituent  responsible  for  any  undesirable  effects.  For  the  manufacture  of 
nutramine  (ground-nut  flour),  therefore,  it  is  essential  to  control  the  whole  process 
and  to  see  that  it  is  efficiently  and  properly  prepared  and  up  to  the  standard  laid 
down  in  this  paper.  That  this  is  possible  is  obvious  since  no  elaborate  machinery 
is  required— only  attention  to  details.  The  fact  that  a  cake  which  has  hitherto  been 
regarded  as  a  waste  product  can  form  such  a  valuable  food- stuff  is  a  sufficient  in¬ 
centive  to  manufacturers  to  endeavour  to  produce  a  standard  quality,  since  by  so 
doing  they  materially  improve  the  commercial  value  of  the  Arachis  oil.  Having  ob¬ 
tained  a  good  flour,  the  possibilities  of  utilizing  it  are  almost  unlimited.  The  pre¬ 
paration  of  nutramine  biscuits  has  so  far  been  attended  with  success  and  every  one 
who  has  sampled  them  has  expressed  satisfaction.  Bread  made  with  nutramine 
flour  alone  is  apt  to  be  heavy  unless  eggs  are  used  as  recommended  in  the  previous 
paper.  Using  a  mixture  of  nutramine  and  wheat  flour  in  the  ratio  of  1  to  4,  good 
results  are  obtained  for  both  bread  and  biscuits.  On  the  whole  such  a  mixture  is 
preferable  although  quite  useful  biscuits  can  be  made  from  nutramine  alone.  Finally, 
it  has  been  shown  that  there  is  an  abundance  of  ground-nuts  in  India,  which  are  of 
commercial  value  for  their  oil-yielding  capacity,  and  consequently  nutramine  flour 
can  be  prepared  and  sold  at  a  very  cheap  rate.  In  view  of  the  shortage  of  the  world’s 
food  supplies,  both  now  and  after  the  termination  of  the  war,  it  would  appear  advisable 
to  consider  the  utility  of  developing  this  industry  with  a  view  to  the  preparation  of 
nutramine  on  a  large  scale.’ 

An  interesting  paper  embodying  the  results  of  a  research  which  established 
the  ready  digestibility  of  steam-cooked  soy  beans  and  peanuts  is  that  by 
Holmes  in  the  Journal  American  Medical  Association,  Vol.  74,  No.  12, 

March  20,  1920. 

Ground-nut  soup  is  most  palatable,  and  a  ground-nut  stew  with  condiments 
is  a  favourite  West  African  dish.  In  French  Guinea  and  Northern  Nigeria  the 
place  of  the  ground-nut  is  taken  to  some  extent  by  a  plant  belonging  to  an 
allied  genus  cultivated  there  and  known  as  the  Bambarra  nut,  V oandzeia 
subterranea.  Its  Haussa  name  is  Paruru. 

The  lentil  (Lens  esculenta ),  the  Ads  of  Egypt  and  the  Sudan,  the  Musuri 
of  India,  is  exceptionally  rich  in  proteids  and,  as  its  sulphur  content  is  small, 
is  more  easily  digested  and  less  apt  to  cause  flatulence  than  either  peas  or  beans 
(Hutchison).  As  already  stated,  the  ash  contains  much  iron.  The  small  varieties 
are  the  best. 

As  regards  the  pulses  generally  it  may  be  said  that,  being  poor  in  fat,  they 
should,  in  the  absence  of  animal  food,  be  consumed  along  with  fatty  foods  or 
cooked  in  butter,  ghee,  or  other  edible  oil. 

It  is  interesting  to  note  that  many  of  the  coloured  beans,  or  so-called  ‘brown 
haricots’,  were  during  the  late  war  introduced  into  this  country  for  human 
consumption,  with  the  result  that  increased  attention  has  been  directed  to  them 
as  sources  of  food  supply. 

(iii)  Roots  and  tubers.  Only  those  peculiar  to  the  tropics  will  be  here 
considered. 
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Yam  (Dioscorea).  This  is  sometimes  confounded  with  the  sweet  potato, 
which  is  a  different  root  and  contains  sugar.  Macknight  mentions  six  important 
varieties  of  yam  and  gives  their  native  names  in  various  countries.  The  common 
yam  is  the  tuber  of  Dioscorea  sativa,  a  climbing  plant,  and  has  a  wide  tropical 
distribution.  Yams  are  roasted  or  baked  and  taste  a  little  like  potatoes.  When 
sliced  and  dried  in  the  sun  they  keep  well  and  are  known  as  biscuits.  Boiled 
yams  sliced  and  fried  in  butter  form  a  fair  substitute  for  toast  in  parts  of  West 
Africa  where  bread  is  not  obtainable.  A  yam  meal  can  be  prepared  like  banana 
meal  (p.  83)  and  may  be  mixed  with  wheaten  flour  to  form  a  bread. 

Yams  contain  79*6  per  cent  of  water  and  15-3  per  cent  of  carbohydrate 
which  is  chiefly  starch.  In  West  Africa  they  form  the  staple  food  of  the 
inhabitants  in  the  zone  beyond  the  forests  of  the  Gold  Coast  and  in  Southern 
Nigeria. 

Sweet  potato  ( Batatas ).  Ipomcea  Batatas  came  originally  from  South 
America,  but  is  cultivated  generally  throughout  the  tropics.  In  Hindustani  it  is 
called  Mita  alou,  in  Haussa,  Dankali.  It  has  a  higher  carbohydrate  content 
than  the  yarn  and  contains  sugar.  It  is  usually  eaten  as  a  pudding. 

Taro  is  the  South  Pacific  name  for  the  root  of  Colocasia  antiquorum,  var. 
esculenta,  so  well  known  throughout  East  Africa  as  Mahogo.  It  is  the  Koko 
of  West  Africa,  the  Kolkas  of  the  Arabs,  the  Kamu  of  the  Haussas,  and  in  India 
is  often  called  Kachu.  It  is  an  important  native  food-stuff  though  its  nutritive 
value  is  not  high  and,  when  cooked,  its  anti-scorbutic  properties  are  probably 
nil.  Its  leaves,  when  young,  are  used  as  spinach.  Together  with  dried 
plantains  and  palm  oil  taro  forms  the  main  food  of  the  forest  tribes  of  Ashanti 
where  no  cereal  crops  are  grown. 

Another  Colocasia  is  C.  macrorrhiza,  called  Tannias  in  the  West  Indies. 
It  resembles  taro. 

Cassava  ( Manioc )  (p.782).  There  are  two  kinds  of  cassava  plant,  the  sweet 
cassava  (Manihot  aipi)  and  the  bitter  cassava  ( Manihot  utilissima).  Both  the 
cassavas  are  Euphorbiaceous  plants  and  natives  of  Tropical  South  America,  the 
sweet  being  called  Yuca  dulce  and  being  made  into  cakes.  It  is  also  known  as 
Mahogo  in  East  Africa  and  so  is  apt  to  be  confounded  with  taro.  The  Haussa 
name  is  Rogo. 

Bitter  cassava  is  more  largely  used,  but  its  milky  juice  contains  prussic  acid 
mixed  up  with  the  starch,  and  the  poison  has  to  be  washed  away  from  the  grated 
root  and  the  starch  allowed  to  settle  before  the  latter  can  be  used  either  as 
cassava  meal  or  tapioca.  Tapioca  contains  so  much  water  (llj  per  cent)  that 
pure  starch,  which  only  contains  2  per  cent,  is,  weight  for  weight,  more 
nourishing. 

The  roots  and  tubers  have  scarcely  any  proteid  or  fat  and  their  nutritive 
value  is  derived  from  the  starch  and  potash  salts  which  they  contain.  Their 
digestibility  depends  chiefly  on  the  quantity  of  cellulose  which  each  happens 
to  possess. 

Jerusalem  artichoke  ( Helianthus  tuberosus)  is  known  as  Kharchouf  in 
Egypt  and  Gwaza  in  Haussa. 

Plectranthus.  Two  species  of  this  root,  known  as  Rizga  and  Tumuku  in 
Haussa,  are  grown  somewhat  extensively  in  N.  Nigeria. 

(iv)  Vegetables.  Many  of  the  vegetables  cultivated  in  Europe  can  be  raised 
in  the  tropics,  but  only  those  peculiar  to  hot  climates  can  be  considered  here 
and,  even  of  these,  only  the  more  common  and  important  can  be  mentioned. 

Egg  plant  ( Solanum  melongena)  is  the  Brinjal  of  India,  the  Bedingane  of 
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Egypt,  and  Bengan  of  West  Africa.  The  fruit  is  either  of  a  creamy  white  colour 
and  egg-shaped  or,  more  commonly,  a  deep  purple  and  shaped  like  a  cucumber. 
It  is  in  very  common  use  throughout  the  tropics,  being  usually  cut  into 
slices  and  fried. 

Bamia.  This  is  the  Arab  name  for  Hibiscus  esculentus,  which  is  called 
Ochro  in  the  West  Indies  and  Bhindi  in  India.  The  fruit  is  a  pod  and  is  eaten 
with  or  without  the  seeds.  The  leaves  are  also  cooked  as  a  potherb. 

Indian  spinach  ( Basella  alba)  and  red  basil  ( Basellci  rubra),  both  called 
Poi  in  Hindustani,  are  common  potherbs  in  India. 

Bottle  gourd  ( Lagenaria  vulgaris ),  known  as  the  white  pumpkin,  is  termed 
Charrah  by  the  Arabs  and  Kaddu  by  the  Hindus.  It  is  a  climbing  plant 
commonly  cultivated  throughout  the  tropics,  and  the  gourds  when  cooked 
resemble  vegetable  marrow.  Its  leaves  and  young  shoots  are  also  edible.  The 
white  gourd  (Benincasa  cerifera)  and  snake  gourd  ( Trichosantlies  anguina) 
may  also  be  mentioned. 

Sag  (Amaranthus  gangeticus)  is  a  well-known  Indian  vegetable.  There  are 
several  species  of  Sag  and  the  whole  plant  is  used. 

Jew’s  mallow  or  jute  ( Corcliorus  olitorius)  is  indigenous  in  India  and  is  called 
Singin  janascha,  but  it  has  been  introduced  into  many  tropical  countries. 
In  Africa  it  is  known  as  Melokieh,  in  China  as  Oimoa,  and  its  leaves  are  used 
as  a  potherb. 

It  is  always  safer  to  avoid  eating  raw  vegetables  or  salads  in  the  tropics. 
When  cholera  is  prevalent  it  is  a  tempting  of  Providence  to  indulge  in  them, 
and  at  all  times  there  is  some  risk  of  infection  with  the  ova  of  helminths  and 
with  the  bacilli  of  enteric  fever  and  dysentery.  This  is  more  especially  the 
case  when  vegetables  are  treated  in  the  field  or  garden  with  sewage,  a  custom 
common  amongst  the  Chinese,  who  raise  fine  crops  in  this  way  but  thereby 
endanger  the  public  health.  Contamination  may  also  occur  from  the  water 
in  which  vegetables  are  washed,  or  during  handling  by  native  servants. 

(v)  Vegetable  oils.  These  are  used  in  place  of  butter  or  for  cooking  purposes, 
and  a  few  of  the  more  important  merit  attention. 

Sesame  oil,  the  Sim-sim  of  the  Arabs,  known  as  Til  or  Beni  oil  in  India, 
Karru  in  West  Africa,  and  Ufuta  in  East  Africa,  is  a  great  cooking  oil  in  all 
parts  of  the  tropics.  Its  botanical  source  is  Sesamum  indicum. 

Shea  butter  (Butyrospermum  Parkii),  the  Lulu  of  the  Arabs,  the  Galam  of 
West  Africa,  is  an  oil  with  excellent  keeping  properties  and  a  pleasant  flavour. 
It  is  derived  from  the  fruit  of  a  forest  tree  common  throughout  the  more 
northerly  portions  of  tropical  Africa. 

Juvia  butter  ( Berth olletia  excelsa )  is  a  South  American  product. 

Palm  butter,  derived  from  the  pericarp  of  the  fruit  of  Elceis  guineensis > 
must  be  mentioned  as  it  is  a  very  important  cooking  oil  throughout  West 
Africa.  The  fruit  is  about  the  size  of  a  large  olive  and  one  tree  may  have  several 
hundreds  of  them. 

Other  palms  from  the  kernels  of  which  useful  oils  are  obtained  are  the 
babassu  palm  (from  Brazil),  Paraguay  palm,  gru-gru  palm  (West  Indies), 
cohune  palm  (British  Honduras)  and  cokerite  palm  (British  Guiana). 

Mustard  oil,  obtained  from  the  seeds  of  Brassicci  nigra  or  B.  alba  and 
other  species,  is  largely  used  in  North  India. 

There  are  many  other  tropical  ‘  butters  ’  such  as  Coco-nut  oil,  Soy  bean  oil, 
Cotton  seed  oil,  Cocoa  butter,  Mahwa  butter,  Dika  oil,  Patawa  oil,  Heglig  oil, 
Zawa  oil,  Ben  oil,  Mangosteen  oil,  and  so  forth,  but  lack  of  space  forbids  their 
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further  consideration.  The  fat  content  of  these  oils  is  about  80  per  cent  and 
the  oils  themselves  are  purer  when  expressed  in  the  cold. 

(vi)  Edible  nuts.  Amongst  these  may  be  mentioned  several  species  of 
Canarium,  such  as  C.  commune  and  C.  rufum,  found  in  the  Straits  Settlements,  and 
C.  Colophonia  which  occurs  in  Mauritius.  The  pili  nuts  of  the  Philippine  Islands 
are  also  derived  from  species  of  Canarium. 

The  cashew  nut  ( Anacardium  occidentale)  is  found  in  various  parts  of  the 
world  and  is  extensively  eaten  after  being  roasted.  The  kidney-shaped  nut 
is  found  at  the  extremity  of  the  succulent  pear-shaped  footstalk. 

Yeheb  or  yebbE  nuts  ( Cordeauxia  edulis),  a  product  of  Somaliland,  are 
specially  interesting  because,  unlike  most  nuts,  they  contain  a  comparatively 
small  amount  of  oil  and  a  large  proportion  of  carbohydrates  of  which  over 
one-third  (24  per  cent  expressed  of  the  air-dry  kernels)  consists  of  sugar.  The 
tree  yielding  them  grows  in  the  Haud  in  Somaliland  and  the  nuts  are  largely 
used  by  the  Somalis  as  food  after  a  preliminary  soaking  in  water  to  soften  the 
tough  kernels.  In  order  to  avoid  loss  of  the  sugar  the  amount  of  water  used 
for  soaking  should  not  be  larger  than  the  kernels  will  completely  absorb. 

Nuts  as  a  rule  contain  a  large  amount  of  fat  and  a  variable  quantity  of 
protein  and  carbohydrates.  The  albuminous  interior  of  the  coco-nut,  when 
young,  is  a  delicious  food  and  at  a  later  stage  may  be  grated  and  added  to  pud¬ 
dings  or  mixed  with  rice.  The  dried  white  outer  part  of  the  kernel  forms  the 
‘  copra  ’  of  commerce  and  is  often  a  constituent  of  curries  or  of  sweetmeats. 
In  Zanzibar  it  is  eaten  as  a  spice  along  with  fish,  while  in  the  Philippines  this 
so-called  meat  of  the  coco -nut  is  grated,  mixed  with  water  and  steamed  and  then 
the  mass  is  submitted  to  pressure,  whereby  an  emulsion  of  oil,  water,  and  cellular 
tissue  is  obtained.  This  cellular  tissue  is  stated  by  Parker  and  Brill  to  have 
a  high  protein  content  and  it  is  used  by  the  Filipinos  as  a  food. 

Recent  experimental  work  on  rats  by  Johns  and  his  colleagues  in  the  United 
States  indicates  that  commercial  coco-nut  press  cake  furnishes  the  necessary 
protein  for  growth  at  almost  a  normal  rate'.  It  has  been  found  to  contain  suffi¬ 
cient  water-soluble  vitamine,  the  dietetic  factor  in  the  absence  or  deficiency  of 
which  beri-beri  is  apt  to  develop,  and  some  fat-soluble  vitamine,  the  factor  which 
is  believed  to  prevent  the  occurrence  of  rickets,  or  at  least  of  certain  forms 
of  malnutrition.  The  cake  appears,  however,  to  be  deficient  in  inorganic 
constituents,  but  these,  together  with  animal  fat,  could  easily  be  supplied  from 
outside  sources. 

(vii)  Fruits.  Out  of  the  large  number  of  tropical  fruits  the  following  have 
been  selected  for  notice  here  : 

Banana  ( Musa  sapientum).  As  stated,  the  banana  must  not  be  confused 
with  the  plantain.  It  is  a  saccharine  fruit  though  its  sweet  flavour  does  not 
fully  develop  until  it  is  thoroughly  ripe.  In  the  fresh  state  the  banana  contains 
74  per  cent  of  water  and  nearly  23  per  cent  of  carbohydrates.  There  is  also  an 
appreciable  amount  of  proteid  and  a  little  mineral  matter  and  cellulose  (fig.  43). 
Recent  work  goes  to  show  that  it  is  rich  in  desirable  salts,  and  Prescott  has  de¬ 
scribed  it  as  a  4  high  power  fuel  food  worthy  of  being  considered  a  staple  article 
of  diet  \  Its  actual  nutritive  substance  is  equivalent  to  about  450  calories  per 
pound  of  edible  matter.  At  the  same  time  it  is  too  bulky  to  serve  as  the  main 
constituent  of  a  satisfactory  European  diet,  for  in  order  to  obtain  from  bananas 
the  amount  of  energy  required  daily  and  the  necessary  quantity  of  proteid  a  verv 
large  number  would  have  to  be  consumed.  Amongst  those  African  tribes  who 
subsist  almost  wholly  on  bananas  abnormal  abdominal  development  is  usually 
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marked.  Raw  bananas  sometimes  cause  dyspepsia  if  the  thin  fibrous  layer 
which  clings  to  the  fruit  after  it  has  been  peeled  is  not  removed  by  scraping. 

Myers  and  Rose  have  carried  out  extensive  analyses  of  the  banana  and 
have  shown  that  in  composition  it  compares  very  favourably  with  most  of 
the  common  fruits  eaten  in  the  United  States  of  America.  Some  of  their  results 
have  been  summarized  as  follows  : 


4  When  fully  ripe,  that  is,  when  the  starch  has  been  almost  completely  changed 
to  sugar,  the  experiments  here  reported  show  that  the  carbohydrates  of  the  banana 
are  well  absorbed  from  the  intestine.  As  sold  in  the  market,  however,  bananas  are 
frequently  not  sufficiently  ripe  to  be  consumed  to  advantage  immediately  and  it 
would  seem  that  gastro-intestinal  disturbances 
when  attributed  to  the  banana  were  referable  to 
this  cause.  It  may  be  said  in  general  regarding 
our  own  experiments  that  no  ill  effects,  discom¬ 
fort  or  distaste  were  noted  even  after  the  con¬ 
sumption  of  large  quantities  of  the  ripe  fruit  for 
several  days. 

Much  larger  quantities  of  sugar  (glucose, 
sucrose,  levulose)  may  be  given  in  the  form  of 
banana  than  as  pure  sugar  (sucrose,  glucose) 
without  producing  gastro-intestinal  disturbances. 

The  composition  of  the  banana  and  the  potato 
shows  an  interesting  similarity  both  as  regards 
total  carbohydrate  and  the  amounts  of  the  different 
mineral  constituents.  While  the  banana  can  hardly 
be  regarded  as  a  potato  substitute,  the  fact  that 
it  has  practically  the  same  caloric  value  as  the 
potato  is  worthy  of  note. 

Of  even  greater  importance  is  the  fact  that 
bananas  may  be  eaten  uncooked.  This  is  of 
interest  in  view  of  the  increasing  significance  that 


is  being  attached  to  the  thermolabile 
food  substances  1 


accessory 


Fig.  43.  Percentage  composition 
of  a  banana.  Hutchison’s  Food  and 
the  Principles  of  Dietetics. 


From  a  sanitary  standpoint  interest  at¬ 
taches  to  the  peel  of  the  banana,  which  protects 
it  from  contamination. 

Bananas  sliced,  dried  in  the  sun  and  pre¬ 
served  in  sugar  are  prepared  under  the  name 
of  4  figs  ’  and  possess  considerable  nutritive 
value. 

Owing  to  the  scarcity  of  wheat  flour  during 
the  war,  banana  bread  came  a  good  deal  into  use  and  is  said  to  have  effected 
a  saving  of  about  30  per  cent  in  the  use  of  wheat  flour.  It  is  quite  palatable 
and  equal  in  every  respect  to  the  usual  wheat  bread,  except  possibly  in  the 
matter  of  appearance.  Green  bananas  just  about  to  turn  are  employed.  They 
are  peeled  in  water  with  a  silver  knife  to  prevent  discoloration,  boiled  in  salt 
water,  thoroughly  mashed  and  stirred  into  the  dough.  A  banana  meal  is 
prepared  by  cutting  the  peeled  fruit  into  thin  slices,  which  are  then  dried 
in  the  sun  on  wooden  trays.  Thereafter  crush  or  pound  and  sift  through 
fine  muslin.  This  meal  may  be  mixed  with  an  equal  portion  of  wheaten  flour 
and  used  as  bread  or  cakes,  or  it  may  be  consumed  as  a  porridge  or  pudding. 

Date.  The  fruit  of  the  date-palm,  Phoenix  dactylifera.  The  carbohydrate 
of  the  date  is  chiefly  in  the  form  of  sugar,  and  the  date  affords  concentrated 
nourishment  and  constitutes  a  staple  article  of  diet  in  the  case  of  many  Arab 

1  According  to  Lewis,  however,  the  banana  is  deficient  in  anti-scorbutic  properties. 
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tribes,  being  often  taken  along  with  milk  which  provides  the  necessary  proteid 
and  fat.  Dates  are  eaten  fresh,  half-dried,  and  dried.  Unfortunately  the 
conditions  under  which  they  are  usually  dried  and  packed  leave  much  to  be 
desired  from  a  sanitary  point  of  view. 

Lime.  The  fruit  of  Citrus  medica,  var.  acida,  owes  its  acidity  to  the  presence 
of  much  citric  acid  and  is  only  mentioned  here  for  the  purpose  of  directing 
attention  to  the  fact  that  recent  research  has  shown  that  in  the  past  lime  juice 
has  been  confounded  with  that  of  the  lemon  ( Citrus  medica ,  var.  limonum) 
and  credited  with  anti-scorbutic  powers  which  it  does  not  possess  (see  Vol.  III). 
Lemon  juice  is  not  only  four  times  as  potent  in  this  direction  but  retains  its 
anti-scorbutic  properties,  which  is  not  the  case  with  lime  juice. 

Mango  ( Mangifera  indica).  The  mango  is  one  of  the  best  tropical  fruits 
and  exists  in  many  varieties.  It  is  both  palatable  and  nutritious  and  is  eaten 
fresh  or  dried  (Amchur)  or  as  6  mango  fool  9  made  up  with  milk  and  sugar. 
It  is  taken  with  curries,  converted  into  chutney,  and  utilized  in  various  other 
directions. 

Mangoes  are  laxative  and  should  be  avoided  during  outbreaks  of  diarrhoea 
or  cholera. 

Papaw  (Carica  papaya).  Originally  a  native  of  the  New  World  from  which 
it  has  spread  all  through  the  tropics.  It  is  more  a  vegetable  than  a  fruit,  though 
when  ripe  it  is  eaten  raw.  There  is  a  so-called  American  papaw  (Asimina 
triloba)  grown  in  the  United  States  which  must  not  be  confounded  with  the 
tropical  product.  The  latter  is  specially  interesting  because  the  milky  juice 
of  the  tree  and  the  leaves  contain  a  ferment  which  makes  meat  tender.  The 
meat  may  either  be  rubbed  over  with  the  juice  of  the  fruit  or  wrapped  up  for 
several  hours  in  the  leaves  prior  to  cooking. 

Avocado  or  Alligator  pear  (Persea  gratissima).  This  well-known  fruit 
of  South  America  and  the  West  Indies  is  termed  4  vegetable  butter  5  and  the 
edible  portion  contains  no  less  than  20  per  cent  of  fat.  It  therefore 
differs  greatly  from  the  ordinary  fresh  fruits  and  merits  the  attention  which 
has  recently  been  bestowed  upon  it  by  Jaffa  at  the  University  of  California 
Experiment  Station. 

Fruits  are  chiefly  valuable  on  account  of  the  sugar  and  organic  acids  they 
contain.  Their  acids  and  cellulose  content  are  of  value  as  imparting  a  laxative 
property  which  is  specially  useful  in  these  days  of  highly  concentrated  and 
completely  digestible  foods.  Their  succulency  and  flavour  appeal  to  the  palate 
and,  as  Blatherwick  has  recently  shown,  many  of  them  possess  a  potential 
alkalinity  which  is  serviceable  in  neutralizing  acids  within  the  body.  This  is 
due  to  the  fact  that  when  the  organic  acids  are  oxidized  in  the  organism  they 
yield  carbon  dioxide  and  thus  the  surplus  of  base-forming  elements  remains 
as  bicarbonate. 

Many  acid  fruits  have  anti-scorbutic  properties,  though  these  vary  much  in 
degree  in  different  fruits,  as  witness  the  lime  and  the  lemon.  The  anti-scorbutic 
principle  is  contained  in  the  acid  juice,  and  though  its  precise  nature  has  not 
yet  been  determined  it  is  known  that  alkalinity  deleteriously  affects  the  anti¬ 
scorbutic  potency  of  orange  juice. 

From  what  has  been  said  it  is  evident  that  the  dietetic  value  of  fruits  must 
always  be  viewed  both  from  the  nutritional  and  the  hygienic  standpoint.  Unripe 
and  over-ripe  fruit  should  be  carefully  avoided.  Both  are  apt  to  produce 
diarrhoea,  which  is  specially  dangerous  in  times  of  cholera  prevalence. 

(viii)  Sugars.  Where  the  sugar-cane  ( Saccharum  ojficinarum)  is  not  available 
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as  a  source  of  supply  sugar  is  made  from  the  juices  of  a  number  of  palm  trees, 
among  the  most  important  of  which  are  the  following  : 

Toddy  Palm  or  Mari  Palm,  Caryota  urens,  India  and  the  East. 

Palmyra  Palm,  Borassus  flabellifer,  India  and  the  East. 

Black  Run  Palm,  Borassus  cethiopum ,  Tropical  Africa. 

Coco-nut  Palm,  Cocos  nucifera,  Equatorial  Zone. 

Oil  Palm,  Elceis  guineensis,  West  Africa. 

Piassava  Palm,  Raphia  vinifera,  East  and  West  Africa,  South  America. 

Miriti  Palm,  Mauritia  vinifera,  Brazil. 

In  most  cases  the  flower  stems  are  tapped  for  the  juices  which  are  evaporated, 
and  the  sugar  obtained  is  known  in  India  as  4  jaggery 

The  unevaporated  fermented  juices  provide  toddy  or  palm  wine,  containing 
about  4-3  per  cent  of  alcohol,  and  further  fermentation  combined  with  distillation 
yields  a  strong  spirit,  the  4  arrack  ’  of  India. 

(ix)  Condiments,  which  are  useful  food  accessories,  are  very  largely  employed 
in  the  tropics,  more  especially  by  natives  of  the  Far  East.  They  cannot  be 
considered  here,  but  an  interesting  account  of  some  of  the  more  important 
will  be  found  in  the  Tropical  Diseases  Bulletin ,  Vol.  XIV,  1919,  pp.  374-5.  An 
interesting  and  well  illustrated  account  of  the  preparation  of  soy  sauce  in 
China  is  given  by  Groff  in  the  Philippine  Journal  of  Science,  Vol.  XV,  No.  3, 
September,  1919.1 

(x)  Beverages.  In  addition  to  the  palm  products  just  mentioned,  the 
alcoholic  beverages  Pulque  fuerte  of  Central  America,  prepared  from  Agave 
americana  and  containing  about  5-8  per  cent  of  alcohol,  and  Saki,  the  rice 
wine  of  the  Japanese  with  an  alcoholic  content  varying  between  9*5  and 
14-6  per  cent,  should  be  noted. 

The  various  native  beers  brewed  from  grain  are  nearly  as  much  foods  as 
beverages  and  merit  special  mention,  as  those  made  from  germinated  grain 
possess  markedly  anti-scorbutic  properties.  The  best  example  of  this  class 
is  the  Kaffir  beer  now  so  largely  used  on  the  Rand  and  which  was  introduced 
with  benefit  during  the  recent  campaign  in  East  Africa. 

Dyke  gives  the  following  description  of  its  preparation  : 

‘  Kaffir  beer  (“  Leting  ”  or  “  Joala  ”)  is  made  by  germinating  a  small  quantity 
of  kaffir  corn  (millet)  by  steeping  it  in  water  for  48  hours  ;  it  is  then  dried  in  the  sun 
for  a  day.  The  same  day  or  the  next  it  is  ground  coarsely  between  two  stones.  This 
meal  is  then  placed  in  a  large  pot,  and  to  it  is  added  boiling  water  to  make  a  very 
thin  porridge,  to  which  is  added  a  small  quantity  of  yeast  (the  residue  of  a  previous 
brew).  Fermentation  is  thus  set  up  and  allowed  to  continue  for  36  to  48  hours,  after 
which  the  whole  is  strained  through  a  coarse  straw  strainer  ;  the  resulting  opaque 
brownish  fluid  constitutes  kaffir  beer,  which  makes  a  very  pleasant  and  satisfying 
drink.  The  points  to  be  noted  in  the  making  of  the  drink  are  that  only  sufficient 
grain  is  germinated  and  ground  for  the  one  brew ;  never  is  it  done  with  a  view  to  pro¬ 
vision  for  a  future  occasion.  Again,  boiling  water  is  added  to  the  meal,  but  there  is 
no  further  boiling.’ 

The  other  class  of  Kaffir  beer,  prepared  from  ungerminated  ground  maize 
or  millet,  is  represented  by  4  Mahew  ’,  an  acid  fermented  beverage  also  used 
on  the  Rand,  and  prepared  according  to  Dyke  by  stirring  the  meal  into  boiling 
water  and  continuing  the  boiling  process  for  an  hour  or  so  until  a  thin  porridge 
is  made  ;  this  is  then  evacuated  into  vats  and  some  wheat  meal  is  added  to 

1  A  recent  paper  by  Adolph  and  Kiang  in  the  China  Medical  Journal,  May  1920,  \  ol.  XXXIV, 
No.  3,  deals  with  the  nutritive  value  of  soy  bean  products  and  gives  much  interesting  informa¬ 
tion  regarding  the  use  of  soy  beans  as  an  article  of  food  in  China. 
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cause  fermentation.  The  porridge,  after  being  diluted  with  a  sufficient  amount 
of  hot  water,  is  allowed  to  stand  for  36  hours  and  is  then  ready  for  use.  This 
beverage,  which  is  much  more  easily  manufactured  on  a  large  scale  than  Kaffir 
beer,  has  not  the  anti-scorbutic  properties  of  the  latter  and  should  not  be  sub¬ 
stituted  for  it  when  there  is  danger  of  scurvy.  The  alcoholic  strength  of  Kaffir 
beer  is  low  but  it  is  full  of  yeast  and  carbonic  acid. 

Yerba  mate  (Ilex  paraguariensis).  The  tree  is  found  in  Brazil  and  Paraguay 
and  from  the  leaves  Yerba  Mate  or  Paraguay  tea  is  prepared.  It  is  very  largely 
consumed  throughout  central  South  America  and  contains  1-3  per  cent  of  theine. 

Though  not  a  beverage  in  the  strict  sense  of  the  term  the  kola  nut  ( Cola 
acuminata ,  C.  vera)  may  be  mentioned  here  as  it  has  sustaining  properties  and 
is  in  great  demand  in  West  Africa.  The  seeds  contain  caffeine  and  theobromine 
and  are  credited  with  the  property  of  alleviating  thirst. 

II.  STORAGE  AND  PRESERVATION  OF  FOOD 

Cold  storage  is  now  so  commonly  employed  in  the  tropics,  especially  in 
large  ports,  that  it  is  desirable  that  medical  officers  should  know  a  little  about 
it.  The  processes  employed  need  not  be  considered,  but  it  should  be  noted  that 
fresh  meats  are  carried  either  as  hard  frozen  meat  or  chilled  meat.  Hard  freezing 
at  -9°  to  -12°  C.  necessitates  a  thawing  out  process.  Chilled  meat  is  stored 
at  -2°  C.  and  can  be  kept  at  this  temperature  for  21  to  28  days.  The  freezing 
method  is  the  better  as  regards  preservation.  The  chilling  process  requires 
great  care  and  constant  supervision  during  transport  but  the  characters  of 
fresh  meat  are  better  retained  than  in  the  case  where  it  is  frozen.  The  observa¬ 
tions  of  Emmett  and  Grindley  on  the  effects  of  cold  storage  upon  beef  and 
poultry  are  worthy  of  record.  They  found  that  in  the  case  of  refrigerated 
beef  stored  for  22  days  : — 

4  (a)  There  was  no  loss  of  water. 

(b)  The  percentage  of  the  water-soluble  solids,  insoluble,  and  total  protein,  the 
non-coagulable  protein,  the  nitrogenous  and  total  organic  extractives,  the  forms  of 
ash,  the  total  nitrogen  and  the  total  phosphorus,  all  remained  practically  unchanged. 

(c)  The  only  consistent  real  changes  were  a  distinct  increase  in  the  total  soluble 
and  the  soluble  inorganic  phosphorus,  being  8-0  and  17-9  per  cent  respectively,  and 
a  decrease  of  8*3  per  cent  in  the  non-nitrogenous  organic  extractives. 

(d)  The  nutritive  value  of  the  meat  was  unaltered. 

In  the  case  of  the  refrigerated  beef  which  was  stored  for  43  days  the  averaged  data 
show  that  : — 

(a)  There  was  a  loss  of  water  amounting  to  1-3  per  cent. 

( b )  This  loss  of  water,  causing  a  proportional  increase  in  all  the  other  constituents, 
produced  differences  in  some  instances  which  were  sufficient  to  overbalance  the  amounts 
in  the  fresh  samples. 

( c )  The  ratio  of  the  non-protein  to  the  protein  nitrogen  in  the  meats  was  lower. 

( d )  When  allowance  was  made  for  the  loss  of  moisture,  the  additional  changes 
which  occurred  in  cold  storage  consisted  in  a  definite  increase  in  the  soluble  dry 
substance,  the  nitrogenous,  non-nitrogenous,  and  total  organic  extractives,  the  total 
soluble  nitrogen,  the  soluble  inorganic  phosphorus,  and  a  slight  increase  in  the  soluble, 
coagulable,  and  total  soluble  protein  nitrogen,  and  also  in  the  insoluble  and  total 
nitrogen. 

( e )  The  chemical  changes  in  the  43-day  refrigerated  meats  were  greater  in  number 
than  in  the  22-day  samples,  yet  as  far  as  nutritive  value  was  concerned,  the  former 
showed  an  increase  in  the  organic  extractives  and  soluble  protein,  and  but  an  in¬ 
significant  decrease  in  the  total  protein.’ 

Analyses  of  frozen  drawn  and  undrawn  chicken  proved  that  there  was  almost 
no  difference  between  the  two,  one  being  equally  as  good  as  the  other.  Analyses 
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of  fresh  and  frozen  drawn  and  undrawn  fowl  showed  that  the  latter  changed  but 
slightly  and  that  there  was  practically  no  difference  in  the  nutritive  value  of  the 
three,  after  correcting  for  the  differences  in  the  fat  and  moisture  content. 

Cooking  experiments  by  the  same  observers  on  fresh  and  refrigerated 
uncooked  samples  led  them  to  conclude  : 

4  That  many  of  the  differences  between  cooked  meats  from  the  samples  which  were 
held  in  cold  storage  for  6  and  43  days,  corresponded  to  those  which  were  found  to  exist 
for  the  uncooked  refrigerated  samples. 

That  the  cooked  meats  from  the  43-day  storage  sample  lost  less  in  cooking  either 
by  boiling  or  roasting  than  did  those  from  the  6-day  sample,  the  broths  and  the  drip¬ 
pings  in  these  cases  being  on  an  average  lower  in  their  percentage  content  of  soluble, 
insoluble,  and  total  dry  substance,  of  organic  extractives,  of  soluble  protein,  of  soluble 
ash,  and  of  fat. 

That  the  cooked  meats  from  the  longer  stored  sample  were  higher  in  their  percentage 
content  of  moisture,  and  were  therefore  juicier,  higher  in  soluble  and  insoluble  dry 
substance,  in  nitrogenous,  non-nitrogenous  and  total  organic  extractives,  in  fat,  in 
total  ash,  and  in  soluble  inorganic,  total  soluble  and  total  phosphorus.  Further,  the 
percentages  of  total  nitrogen,  insoluble  and  total  protein  were  practically  the  same 
as  were  those  for  the  samples  from  the  6-day  storage  meat.  Therefore  the  cooked 
meats  from  the  43-day  samples,  judging  from  the  chemical  composition,  were  at  least 
as  nutritious  as  were  those  from  the  samples  stored  for  the  shorter  period  of  time.’ 

Wemyss  Anderson  showed  that  the  question  of  the  temperature  at  which 
food  should  be  stored  varied  with  the  class  of  produce,  thus  : 

4  Frozen  meat,  rabbits,  poultry,  etc.,  may  be  carried  at  18°  F.  to  22°  F.,  or  even 
much  lower  ;  chilled  meat  at  28°  F.  to  29°  F.  ;  fruit  (in  general),  vegetables  and  milk 
at  35°  F.  to  40°  F.,  but  for  all  classes  of  goods,  having  determined  the  temperature 
at  which  it  is  to  be  carried,  every  effort  should  be  made  to  keep  that  temperature  to 
a  degree,  because  the  amount  of  moisture  the  atmosphere  is  capable  of  holding  in 
suspension  depends  on  its  temperature,  and  if  there  are  variations  of  temperatures 
in  a  cold  store  it  means  that  the  goods  stored  will  at  times  act  as  condensers  and  have 
deposited  on  them  a  film  of  44  dew  ”,  this  moisture  then  becoming  a  fruitful  source 
of  mildew  and  mould. 

Fruit  in  particular  suffers  very  much  from  variations.  A  range  of  35°  F.  to  40°  F. 
has  been  given  as  suitable  temperatures  ;  this,  however,  by  no  means  indicates  that 
you  can  vary  with  impunity  from  35°  to  40°  F.  Nothing  could  be  worse  ;  it  means 
that  any  figure  in  that  range  having  been  selected,  every  precaution  should  be  taken 
to  keep  that  temperature  without  any  variation  whatever.  This  is  hardly  possible  with 
the  air  circulation  method  alone,  and  so  we  find  the  most  successful  cold  stores  for  fruit 
carry  a  combination  of  the  air  circulation  method  and  brine-pipe  system,  the  chambers 
being  very  heavily  piped,  the  brine  in  them  acting  as  a  44  thermostatic  balance  ”  and 
preventing  undue  change.’ 

Experiments  by  Richardson  and  Sherubel  on  frozen  beef  have  shown  that 
cold  storage  at  temperatures  below  -9°  C.  is  a  perfectly  satisfactory  method 
for  preserving  meat  for  554  days,  and  probably  much  longer. 

Quite  apart,  however,  from  any  question  of  chemical  change  induced  by 
cold  storage  there  is  that  of  palatability  and  according  to  Wiley  and  his  co¬ 
workers  this  was  distinctly  lessened  in  the  case  of  chickens  cold-stored  for  six 
months  or  longer. 

The  black  spots  developing  on  chilled  beef  are  due  to  the  mycelium  of 
a  fungus,  Oidium  carnis  (Klein).  Happily,  though  unsightly,  it  does  not  injure 
the  meat  and  is  harmless  as  it  cannot  grow  at  the  temperature  of  the  human 
body.  Chilled  beef  from  the  Argentine  has  occasionally  exhibited  blackish 
or  olive  green  spots  which  are  caused  by  a  species  of  Cladosporium.  This  fungus 
penetrates  the  subcutaneous  tissue  as  a  dense  web  of  hyphse.  It  is  non- 
pathogenic  and  all  that  need  be  done  is  to  remove  the  affected  parts  of  the  meat. 
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It  should  be  noted  that  no  refrigerating  process  can  be  regarded  as  rendering 
meat  infected  with  parasites  ( Onchocerca ,  Tcenici,  Trichina ,  etc.)  fit  for  human 
consumption. 

Fish  kept  at  3°  to  5°  C.  lose  their  savouriness  and  digestibility.  Freezing  is 
superior  to  chilling  in  the  preservation  of  fish.  A  more  recent  method  is  that 
of  Ottesen,  the  value  of  which  has  been  confirmed  in  the  first  instance  by  Reuter 
of  Hamburg  and  then  by  Nuttall  and  Gardiner  of  Cambridge.  The  fish  is 
plunged  into  salt  brine  at  a  temperature  below  16°  F.  It  is  frozen  in  two  hours 
and  is  then  put  into  barrels  which  are  placed  in  cold  storage.  By  this  method 
there  is  no  apparent  loss  in  weight  or  flavour.  The  process  is  only  applicable 
to  fresh  fish. 

Fresh  eggs  have  to  be  stored  at  a  temperature  (4°  C.)  considerably  above 
their  freezing  point,  which  is  -6°  C.,  and  they  undergo  various  chemical  and 


Fig.  44.  Underground  larder  showing  improvised  method  of  cooling  the  air, 
as  employed  by  cavalry  unit  in  Mesopotamia.  Wellcome  Bureau  of  Scientific 
Research.  (Copyright.) 


histological  changes.  For  example,  crystals  have  been  noticed  to  develop  in 
their  yolks.  If  storage  at  4°  C.  is  continued  over  four  months  the  light  yolk 
rises,  sticks  to  the  shell  and  causes  premature  decay  or  4  spotting  5  of  the  egg. 
The  boxes  containing  the  eggs  should  therefore  be  turned  every  week  to  obviate 
this  risk. 

The  humidity  of  the  storage  chamber  should  be  about  75  to  80  per  cent. 
Too  high  a  humidity  favours  the  growth  and  entrance  of  moulds  resulting  in 
4  musty  ’  eggs.  Too  low  a  humidity  favours  evaporation  of  the  contents  of 
the  egg. 

Where  a  cold  storage  plant  or  ice  is  not  available  food  may  be  stored  on 
a  comparatively  large  scale  in  underground  cellars  cooled  by  such  a  method 
as  that  shown  in  fig.  44.  This  represents  a  subterranean  larder  in  use  during 
the  Mesopotamian  campaign  which  acted  admirably.  It  was  not  intended  for 
storage  over  a  long  period  of  time  but  permitted  meat  to  be  kept  until  it  was 
tender  and  appetizing. 
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It  will  be  seen  that  a  current  of  air  played  upon  a  piece  of  matting  kept 
constantly  wet  with  water  from  a  drip  can  and  this,  together  with  the  protection 
from  the  sun’s  rays  and  atmospheric  heat  provided  by  the  situation  of  the 
chamber,  kept  the  temperature  at  the  required  low  level. 

A  cold  store  on  a  smaller  scale  can  be  constructed  out  of  kerosene  tins  set 
in  porous  native  brick- work  with  open  joints.  The  bricks  are  drenched  with 
water  every  morning  and  the  water  is  collected  in  a  basin  made  of  mud  or 
puddled  sand  in  the  centre  of  which  the  improvised  store  is  erected. 

Small  pieces  of  meat  can  be  preserved  for 
about  two  days  by  washing  them  carefully 
in  5  per  cent  formalin,  allowing  the  formalin 
to  penetrate  into  the  interstices.  Then  wash 
the  surface  with  water  and  hang  the  meat 
up  to  dry.  A  parchment-like  protective 
layer  forms  on  the  outside.  It  must  be 
removed  before  the  meat  is  cooked. 

The  storage  of  food  in  the  house  is 
important  in  the  tropics.  All  food  should 
be  protected  from  flies,  ants,  and  dust,  and 
larders  should  be  wholly  fly-proof.  Meat 
should  not  be  laid  upon  shelves  but  should 
be  hung  up  in  the  shade  and  preferably  in 
a  current  of  air.  A  suspended  fly-proof 
crate  or  cage  with  a  cup  of  oil  placed  in  such 
a  way  (fig.  45)  as  will  prevent  ants  reaching 
its  contents  is  a  useful  device. 

It  is  an  advantage  to  have  all  shelves 
and  tables  on  which  food  is  placed  con¬ 
structed  of  some  non-absorptive  material. 

When  this  cannot  be  managed  a  compara¬ 
tively  non-absorptive  covering  such  as  cheap 
oilcloth  may  be  used  to  cover  wooden  tables 
or  shelves.  An  ice-chest  should  be  em¬ 
ployed  wherever  possible.  The  type  to  which 
access  is  obtained  from  above  is  the  pre¬ 
ferable  form  as,  otherwise,  whenever  the 
doors  are  opened  there  is  a  loss  of  cold  air 
and  consequently  some  waste  of  ice. 

The  ice-chest  should  be  properly  used  and  kept  clean.  Food  of  a  perishable 
nature  should  not  be  stored  in  it  too  long. 

Salted  foods,  such  as  tongue  and  bacon,  will  remain  eatable  after  24  hours’ 
storage  in  the  ice-chest.  Where  ice  is  not  available  recourse  may  be  had  to 
storage  in  porous  earthenware  jars  or  one  of  these  containing  water  may  be 
utilized  to  cool  the  atmosphere  of  a  wooden  chest  in  which  the  food  is  placed. 

Soup  should  be  made  fresh  every  day.  The  stock-pot  is  ever  liable  to  be 
a  danger  in  the  tropics,  while  it  is  always  wise  in  the  case  of  rechauffes  to  bring 
the  material  to  boiling-point  and  keep  it  there  for  some  minutes. 

Native  cooks  are  very  apt  to  make  use  of  ‘  doubtful  ’  meat  or  fish  and  to 
cover  its  deficiencies  by  the  plentiful  use  of  curry  or  other  condiments.  This 
is  a  most  pernicious  practice  which  must  be  carefully  guarded  against.  A 
frequent  and  systematic  inspection  of  cooking  pots  and  pans  is  highly  desirable 
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Fig.  45.  Suspended  food  safe  with 
oil  cup  to  prevent  the  access  of  insects. 
Modified  after  Ford. 
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and  is  especially  necessary  in  the  ease  of  hotels  and  other  places  which  provide 
food  for  visitors  and  employ  large  staffs  of  native  servants.  Kitchen  utensils 
generally  and  kitchen  cloths  in  particular  should  be  kept  under  close  surveillance. 
A  solution  of  permanganate  of  potash  may  with  advantage  be  provided  in 
which  they  can  be  washed.  Boiling  them  frequently  is  a  more  effective  method. 

Pickling  in  vinegar,  smoking,  and  salting  are  not  safe  methods  of  pre¬ 
serving  meat  or  fish  in  hot  climates,  possibly,  so  far  as  smoking  and  salting 
go,  because  it  is  difficult  to  get  these  processes  carried  out  in  a  satisfactory  way 
under  tropical  conditions,  at  least  where  food  for  Europeans  is  concerned. 
Both  these  methods  are  largely  employed  by  natives,  and  it  must  be  remembered 
that  smoke  and  salt  have  the  advantage  of  acting  as  condiments.  Meat  is 
also  commonly  dried  in  the  sun  and  when  this  is  properly  done  it  will  keep  for 
a  considerable  time  under  dry  atmospheric  conditions. 

It  is  a  good  rule  to  consume  tinned  foods  almost  immediately  after  the  tin 
is  opened.  At  any  rate  they  should  always  be  turned  out  of  the  tin  and  should 
only  be  kept  if  they  can  be  stored  on  ice. 

A  question  not  infrequently  asked  in  the  tropics  is  ‘  How  long  may  tinned 
foods  be  expected  to  remain  in  good  condition  ?  5  There  is  no  very  definite 
information  on  the  point  so  far  as  very  hot  countries  are  concerned,  but 
Beveridge’s  observations  in  South  Africa  showed  that  no  tinned  meat  stocked 
in  the  open,  exposed  to  changes  of  temperature,  heat  of  the  sun  and  effects 
of  rain  in  warm  climates,  should  ever  be  kept  for  more  than  one  year.  When 
under  suitable  cover,  it  may,  perhaps,  be  stored  for  two  years,  but  never  more, 
and  in  all  cases  should  be  inspected  at  intervals.  He  explains  that  the  paint  of 
the  tins  gets  cracked  or  knocked  off,  damp  and  heat  induce  rust  which  specially 
affects  dirt  or  cracks,  and  a  hole,  which  may  be  very  minute,  speedily  forms. 
He  also  notes  that,  on  long  keeping,  a  change,  of  the  nature  of  adipoeere,  not 
understood,  sometimes  takes  place  in  the  meat  itself,  and  this  is  another  argu¬ 
ment  against  long  keeping.  Paper  labels  are  condemned,  while  only  painted 
tins  should  be  accepted. 

The  most  dangerous  tinned  foods  are  those  containing  much  moisture, 
i.  e.  milk,  salmon,  lobster,  and  mixtures  of  meat  and  vegetables. 

The  more  acid  foods,  such  as  fruit,  jams,  and  vegetables,  are  more  liable  to 
take  up  metals  from  the  tins.  The  simpler  the  preparation  the  better  it  stands 
the  effects  of  climate  and  heat.  Useful  notes  on  inspection  are  given.  Apparent 
bulging  may  be  due  to  the  tins  being  dented.  A  good  tin  of  meat  has  usually 
slightly  concave  ends  owing  to  a  partial  vacuum  forming  during  the  process  of 
sterilization. 

Re-soldering  should  be  looked  for.  As  a  rule,  two  holes  are  made  in  one  end 
of  the  tin  to  permit  steam  to  escape.  Re-soldering,  or  the  presence  of  three  or 
more  soldered  holes  indicates  puncture  for  the  purpose  of  allowing  gas  to  escape. 

Dented  tins,  if  otherwise  fit,  should  be  issued  early,  as  they  are  apt  to  rust 
and  perforate  on  keeping. 

On  opening  certain  tins,  i.  e.  of  marmalade,  rhubarb,  tomato  soup,  etc.,  a 
blackened  appearance  may  be  noticed.  This  is  due  to  the  action  of  the  vegetable 
acids  on  the  tin-plating,  and  if  slight,  and  there  is  no  sign  of  fermentation 
as  evidenced  by  minute  gas  bubbles,  may  be  neglected. 

Decomposition  may  result  from  incomplete  sterilization  or  incomplete  sealing 
of  the  tin.  Bulged  tins  may  be  tested  by  puncturing  them  under  water  to  test 
for  the  escape  of  gas.  In  some  cases  a  little  gas  will  escape  from  tins  containing 
perfectly  sound  meat,  owing  to  incomplete  exhaustion  during  the  process  of 
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sterilization,  but  which,  being  sterile,  is  of  no  real  consequence,  and  amounts  to, 
as  a  rule,  only  about  1  c.c.  or  so.  One  test  described  is  as  follows  :  when  the 
swelling  is  not  apparent,  the  tins  are  boiled  for  one  hour,  which  causes,  by  expan¬ 
sion,  the  ends  of  all  to  swell  ;  they  are  then  cooled  and  set  aside  for  eight  hours, 
when  the  sound  ones  will  return  to  their  former  condition.  The  unsound  ones 
will  remain  bulged  as  the  convexity  is  due  to  the  pressure  of  gases.  Viry  states 
that  putrefaction  may  take  place  in  tinned  meats  without  the  formation  of  gas, 
but  Beveridge  has  not  been  able  to  confirm  this.  The  presence  of  moulds  at 
once  condemns,  the  sterilization  not  having  been  efficient.  Moulds  impart  an 
unpleasant  taste  to  the  food  and  are  apt  to  cause  diarrhoea. 

Eber’s  test  for  the  decomposition  of  meat  is  said  to  be  useful  but  not  abso¬ 
lutely  reliable,  owing  to  the  presence  of  trimethylamin  in,  for  instance,  mutton 
and  pickled  foods.  A  small  quantity  of  the  reagent,  which  consists  of  one  part 
sulphuric  ether,  one  part  pure  HC1,  and  three  parts  ethylic  alcohol,  is  placed  in 
a  test-tube  or  other  suitable  vessel.  The  material  to  be  examined  is  smeared  on 
the  end  of  a  glass  rod,  which  is  dipped  below  the  surface  of  the  reagent  but  is  not 
allowed  to  touch  the  side.  If  ammonia  be  present,  a  cloudiness  appears  or  fumes 
may  be  given  off. 

Beveridge  and  Fawcus  found 

‘  that  an  organism  may  be  present  in  the  meat  at  packing,  may  not  be  destroyed  by 
the  so-called  sterilization,  may  remain  inert  for  long  periods  if  the  tins  are  stored  at 
a  low  temperature,  and  finally,  may  develop  if  the  temperature  reaches  37°  C.  or 
thereabouts.  This  bacillus  is  non-pathogenic  to  animals,  but  decomposes  the  meat 
and  renders  it  unfit  for  consumption.  As  it  does  not  develop  much  below  the  body 
temperature,  meat  might  be  contaminated  by  it,  and  yet  be  kept  for  months  without 
showing  signs  of  decomposition  or  blowing  if  stored  in  a  cool  place,  neither  would  the 
temperature  of  the  “  warm  room  ”,  in  which  manufacturers  deposit  foods  for  a  short 
time  as  a  testing  chamber,  be  sufficient  to  cause  growth  of  this  bacillus.  But  if  taken 
to  a  hot  climate  the  whole  consignment  might  speedily  become  unfit  for  use.  The 
recommendation  is  accordingly  made  that  the  temperature  of  the  fluid  in  which  canned- 
meat  tins  are  sterilized  should  be  raised  to  120°  C.  (248°  F.),  and  that  this  should  be 
kept  up  for  one  hour.’ 

An  important  study  of  the  micro-organisms  found  in  canned  foods  was 
recently  carried  out  at  Harvard  by  Cheyney  and  will  be  found  in  the  J ournal  of 
Medical  Research ,  Vol.  40,  1919.  It  will  suffice  to  quote  his  chief  findings  : 

4  58  out  of  725,  or  8  per  cent  of  the  cans  examined,  were  found  to  contain  living 
micro-organisms.  Not  all  foods  contained  organisms,  some  being  found  always 
sterile,  some  with  a  constantly  low  percentage,  others  with  a  high  percentage  of 
cans  containing  viable  organisms.  There  was  a  uniform  average  found  throughout 
for  each  food  ;  vegetables  being  sterile  or  showing  only  a  small  number  of  cans  con¬ 
taining  viable  organisms  (8  per  cent),  fruits  showing  a  consistently  lower  number 
(3  per  cent),  fish  and  meats  varying  from  10  to  20  per  cent.  The  organisms  isolated 
constitute  a  sharply  limited  group  of  resistant  sporebearers,  including  the  B.  subtilis 
mesentericus  group,  the  related  thermophils,  an  anaerobe,  four  common  species 
each  of  Aspergillus  and  Penicillium ,  and  two  borderline  yeasts.  No  pathogenic 
organisms  were  found.  The  bacteria  were  associated  chiefly  with  the  meats,  while 
the  molds  formed  the  sole  flora  of  all  the  fruit  cans  found  to  contain  living  organisms. 
Thermophils  were  found  only  in  crab  and  lobster.  There  was  evidence  to  suggest 
that  in  certain  foods  the  bacteria  and  molds  had  persisted  through  the  processing, 
and  that  the  usual  methods  of  processing  must  be  increased  to  obtain  actual  sterility 
in  these  foods.’ 

It  is  of  interest  to  note  that  at  Khartoum  a  change  in  colour  in  certain 
brands  of  condensed  milk  was  observed,  a  brown  colour  being  developed. 
Attention  being  drawn  to  the  matter  Beveridge  investigated  it  and  reported  as 
follows  : 
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‘  The  change  in  colour  of  certain  kinds  of  condensed  milks  in  tropical  climates  is 
presumably  due  to  a  brown  colour  being  developed  by  reducing  sugars  in  solution 
at  a  certain  temperature,  and  is  likely  to  be  more  marked  with  an  increase  of  acidity 
due  to  bacterial  fermentation  ;  the  presence  of  iron  in  the  ferric  state  also  plays  a  part 
in  the  production.  In  sterile  condensed  milks,  chiefly  found  among  those  brands 
which  contain  no  added  sugar,  changes  are  not  noticeable.  Sterile  uncondensed  tinned 
milk  also  shows  no  change  even  after  incubation  at  37°  C.  for  many  months. 

The  increase  of  acidity  is  brought  about  by  bacterial  activity  resulting  from  the 
increased  temperature,  and  hydrolysis  of  the  sugar  follows.  The  bacteria  concerned 
in  the  change  are  spore-bearing  bacilli  which  produce  an  acid  fermentation  of  the 
proteins.  In  milks  containing  only  Gram-positive  staphylococci  a  brown  colour  is 
probably  never  produced.  It  would  seem  that  the  depth  of  the  brown  colour  is 
dependent  on  the  amount  of  reducing  sugar  produced  or  of  iron  present,  and  is  likely 
to  be  more  intense  in  sweetened  milks,  owing  to  the  reduction  of  the  added  cane-sugar. 

The  increase  in  consistency,  noticed  in  connexion  with  the  brown  coloration  in 
sweetened  milks,  is  also  due  to  bacillary  fermentation,  and  some  of  the  protein  is 
consequently  rendered  insoluble. 

For  Service  use  in  tropical  climates  there  is  no  doubt  that  to  obtain  better  value, 
and  to  obviate  the  risk  of  such  a  change  occurring,  especially  when  milks  have  to  be 
stored  for  considerable  periods,  only  those  brands  of  unsweetened  milks  which  have 
been  proved  to  be  sterile  should  be  selected.’ 

The  method  of  preserving  milk  in  a  curdled  condition  by  the  addition  of 
a  special  ferment  is  one  of  much  interest  and  originally  was  peculiar  to  eastern 
tropical  countries.  The  ferment  is  kept  in  stock  in  every  household  and  is  handed 
down  from  generation  to  generation.  The  active  principle  of  the  ferment  is  a 
living  organism  that  kills  off  the  gas-producing  proteolytic  bacilli  which  bring 
about  decomposition  in  the  milk,  but  does  not  affect  its  fatty  or  albuminous 
constituents.  Examples  of  such  curdled  milk  are  seen  in  the  Leban  Zebadi  of 
Egypt,  the  Rayet  of  Algeria,  and  the  Dadhi  of  Bengal.  Khilat,  another  variety 
of  curdled  milk  used  by  the  Bengalees,  is  produced  by  the  action  not  of  a  living 
bacillus  but  of  its  products,  and,  according  to  Chatterjee,  this  method  is  in  vogue 
only  in  Bengal. 

The  European  will  always  be  well  advised  to  have  his  supply  of  milk  boiled 
in  the  tropics.  As  a  matter  of  fact,  native  servants  usually  boil  milk  as  soon  as 
it  is  received  by  them,  as  otherwise  it  soon  decomposes.1 

Eggs.  The  shells  of  eggs  are  very  porous,  and  it  has  been  shown  that  bacteria 
and  even  yeasts  can  penetrate  them. 

Eggs  can,  however,  be  preserved  for  a  long  time  by  packing  in  sawdust  or 
salt,  or  by  smearing  their  shells  with  grease,  gum,  or  oil.  Water-glass  may  also 
be  used  for  this  purpose. 

Another  method  is  to  place  eggs  in  lime-water  to  which  a  little  cream  of  tartar 
has  been  added. 

CHAPTER  (i 

WATER 

Synopsis  :  Sources  of  supply,  p.  93  ;  Classification  of  waters,  p.  97  ;  Search  for  water, 
p.  98  ;  Sources  and  nature  of  pollution,  p.  98  ;  Collection  and  storage  of  water,  p.  100 ; 
Distribution,  p.  108  ;  Purification,  p.  110  ;  Aerated  water  factories,  p.  120  ;  lee  factories,  p.  122. 

The  question  of  obtaining  pure  water  for  drinking  purposes  is  even  more 
important  in  the  tropics  than  it  is  in  temperate  climates,  and  in  many  places  it 

1  Amongst  some  native  tribes  in  Central  Africa  the  custom  of  adding  cow’s  urine  to  milk 
as  a  preservative  agent  is  prevalent.  It  is  possible  that  goat’s  urine  may  also  be  used  and, 
if  infected  with  M.  melitensis  and  added  to  cow’s  milk,  it  might  prove  a  source  of  infection 
for  undulant  fever. 
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is  often  infinitely  more  difficult.  Not  only  is  water  of  any  kind  scarce  in  many 
of  the  desert  regions  of  the  tropical  belt,  but  in  the  majority  of  hot  climates  water 
is  very  liable  to  specific  pollution,  and  in  many  of  them  such  pollution  is  apt  to  be 
of  a  very  serious  kind,  as,  for  example,  infection  with  the  cholera  vibrio  or  the 
organisms  producing  dysentery. 

In  many  tropical  countries,  and  more  especially  perhaps  in  Egypt  and  India, 
the  habits  of  the  people  readily  lead  to  water  pollution,  while  in  some  there  are 
special  conditions  rendering  water  impure  as,  for  instance,  where  the  presence 
in  the  water  of  the  snail  hosts  of  schistosomes  results  in  an  infection  of  the 
supply  with  pathogenic  cercarise.  In  such  a  case  the  water  is  dangerous  not  only 
when  used  for  drinking  but  also  when  employed  for  bathing  purposes,  as  the 
parasites  are  able  to  penetrate  the  unbroken  skin. 

SOURCES  OF  SUPPLY. 

The  primary  source  of  supply  is  the  rainfall,  and  man  draws  his  supplies  from 
the  following  : 

1.  Rain  water. 

2.  Snow  water,  and  ice  ;  for  it  must  not  be  forgotten  that  these  are  found  in 
the  tropics. 

3.  Upland  surface  water  as  found  in  hill  streams  and  rivulets  feeding  lakes, 
which  are  either  natural  or  artificial. 

4.  Ordinary  surface  water  as  obtained  from  streams,  ponds,  and  tanks,  the 
latter  being  artificial  ponds  and  found  chiefly  in  India. 

5.  River  water. 

6.  Subterranean  water,  the  product  of  wells  and  springs. 

7.  Distilled  water. 

In  certain  desert  regions  of  the  tropics  substitutes  for  water  exist  in  the  shape 
of  melons  and  certain  cacti,  such  as  the  barrel  cactus.  In  parts  of  Kordofan  tribes 
of  Arabs,  together  with  their  animals,  are  wholly  dependent  during  a  part  of  the 
year  for  the  liquid  they  require  on  a  species  of  melon,  an  interesting  provision  of 
Nature  which,  however,  need  not  be  further  considered. 

1.  Rain  water  is  the  least  polluted  of  natural  waters  and  in  many  parts  of 
the  rural  tropics  reaches  the  ground  in  a  high  state  of  purity,  as  the  atmosphere 
is  largely  free  from  contamination.  It  is  well  aerated  and  palatable,  but  the 
absence  of  salts  make  it  slightly  defective  as  an  ideal  potable  water  while  it  has 
a  corrosive  action  on  lead.  On  the  other  hand,  it  answers  excellently  for  cooking 
and  washing.  The  amount  of  rainfall  varies  enormously  in  different  parts  of  the 
tropics,  and  in  certain  regions  this  uncertainty  renders  it  undesirable  to  rely  upon 
it  as  a  source  of  supply.  If  it  is  necessary  to  do  so  one  must  know  the  maximum, 
minimum,  and  average  rainfalls,  the  period  of  the  year  when  rain  falls  and  the 
length  of  the  dry  season.  This  enables  one  to  estimate  the  annual  yield  of  water 
and  the  yield  at  any  particular  time.  In  making  the  calculation  as  regards  the 
quantity  of  water  supplied  by  rain,  the  mass  of  rainfall  and  the  area  of  the 
receiving  surface  must  be  known.  The  amount  is  determined  by  a  rain-gauge. 
The  area  of  the  receiving  surface  must  be  measured.  Then  the  formula 

Area  in  square  feet  x  144  x  rainfall  in  inches 

1728 

gives  the  quantity  of  water  yielded  by  the  rain. 

Another  method  is  to  multiply  the  number  of  inches 
the  number  of  square  inches  of  the  receiving  surface  and 


6-25  =  gallons 

of  annual  rainfall  by 
thus  obtain  the  cubic 
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inches  of  water  collected  per  annum.  This  multiplied  by  -0036  gives  the  answer 
in  gallons.  The  rainfall  is  always  stated  in  inches,  so  if  the  other  data  are  in  feet 
instead  of  inches  it  is  necessary  to  remember  that  I  square  foot  is  equal  to 
144  square  inches,  and  1  cubic  foot  to  1728  cubic  inches,  and  6*25  gallons  to  1 
cubic  foot.  The  annual  yield  is  usually  based  on  the  records  of  the  three  driest 

years  in  twenty. 

The  rain-gauge  consists  of  a  collecting  surface  and  a  measuring  vessel  (fig.  46). 
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The  collecting  portion  is  circular  in  shape,  and  its  area  must  be  accurately  known. 
It  takes  the  form  of  a  copper  or  tin  cylinder,  with  its  lip  surmounted  by  a  sharp¬ 
ened  brass  ring.  The  cylinder  is  continued  downwards  as  a  funnel,  which  com¬ 
municates  with" a  metallic  receiving  vessel,  or  with  a  graduated  glass  measure. 
If  the  former  be  employed  it  is  necessary  to  measure  separately  the  amount 
collected.  The  rain-gauge  is  best  placed  in  the  ground  in  an  exposed  position, 

with  its  rim  a  foot  above  the  earth  and  clear  from 
anything  that  could  possibly  shelter  it.  Snow  or  hail 
are  estimated  as  rain  by  adding  a  known  quantity  of 
hot  water  sufficient  to  melt  them,  measuring  the  result 
and  deducting  the  water  added. 

Calculation.  The  diameter  of  the  cylinder  should 
be  a  definite  number  of  inches — for  example,  5  or  8, 
which  are  convenient  figures.  If  it  be  5,  the  collecting 
area  will  be  =  19-635  square  inches  (area  of  circle 
=  D2  x  -7854).  Suppose  1  inch  of  rain  be  collected  in 
the  receiving  vessel.  This  means  that  19-635  cubic 
inches  of  water  have  fallen  on  the  area  of  the  gauge. 
As  a  rule  the  diameter,  of  the  cylinder  is  8  inches,  the 
area  consequently  being  50  square  inches.  The  glass 
measure  for  such  a  gauge  is  filled  with  50  cubic  inches 
of  water,  and  marked  at  the  level  reached  by  the  water. 
The  part  below  this  mark  is  then  divided  into  100 
equal  parts,  so  that  each  division  represents  -01  inch 
of  rainfall.  If  the  gauge  contains  less  than  -01  of 
an  inch,  but  more  than  half  that  amount,  it  should 
be  entered  as  -01.  If,  however,  there  is  less  than  half 
that  quantity  the  few  drops  may  be  discarded  and 
an  entry  of  4  no  rain  ’  made  in  the  register. 

Useful  figures  to  remember  are  that  an  inch  of  rain  delivers  per  hour  4-673 
gallons  on  every  square  yard  or  22,617  gallons  or  3,630  cubic  feet  on  every  acre, 

i.  e.  a  cubic  foot  per  second  on  the  acre.  There  are  about  6j  gallons  in  one  cubic 
foot  of  water. 

2.  Snow  water  and  ice.  As  a  rule  these  are  fairly  pure,  but  outbreaks  of 
cholera  have  been  traced  to  water  derived  from  snow  polluted  with  infected 
excreta,  and  ice  obtained  from  specifically  contaminated  water  is  not  safe. 

3.  Upland  surface  water.  This  approaches  rain  water  in  purity  and  composi¬ 
tion,  especially  when  obtained  from  high,  sparsely  populated  regions.  It  is 
derived  from  that  portion  of  the  rainfall  which  does  not  percolate  into  the  soil 
and  does  not  evaporate,  but  courses  over  the  surface,  to  be  gathered  up  by  the 
natural  drainage  channels  which  convey  it  to  lakes  and  rivers.  Its  composition 
varies  with  the  character  of  the  surface  soil  which  it  traverses.  If  it  forms  the 
drainage  of  dense  forests  or  swamps  it  may  contain  much  vegetable  organic 
matter.  If  it  courses  through  stony  regions  it  may  contain  a  certain  amount  of 


Fig.  46. 


Rain-gauge  and 
measuring  glass. 
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dissolved  mineral  matter  while  it  also  takes  up  micro-organisms  and  holds  solids 
in  suspension.  The  lakes  which  receive  it,  whether  they  be  natural  or  artificial 
(impounding  reservoirs),  usually  furnish  excellent  water  well  suited  for  the  supply 
of  towns,  and,  as  a  rule,  better  than  river  water.  This  is  partly  because  river 
water  is  exposed  to  possible  pollution  throughout  a  much  greater  area,  partly, 
in  the  case  of  small  lakes  at  least,  because  it  is  easier  to  protect  the  limited 
catchment  area  of  such  water  collections  and  partly  because  in  all  lakes  a  more 
complete  subsidence  of  bacteria  and  suspended  matter  takes  place,  while  the 
large  expanse  of  water  favours  oxidation,  and  exposure  to  the  light  lessens  the 
bacterial  content  near  the  surface. 

Impounding  reservoirs  are  usually  formed  by  building  a  dam  across  a  narrow 
valley  traversed  by  some  small  stream.  If  vegetation  is  thereby  submerged  the 
plants  die,  and  the  water  may  acquire  an  unpleasant  taste  and  be  unsightly,  but 
these  defects  disappear  in  time  and  the  water  continues  to  improve,  taking  on 
the  characteristics  of  a  lake  water. 

The  trouble  can  be  lessened  by  a  preliminary  stripping  of  the  surface  soil 
which  is  to  form  the  bed  of  the  reservoir,  but  this  is  usually  an  expensive  process 
and  unlikely  to  be  carried  out  in  tropical  countries. 

4.  Ordinary  surface  water.  This  is  nearly  always  liable  to  dangerous  pollu¬ 
tion  and  can  rarely  be  safely  used  without  preliminary  purification.  The  Indian 
tanks,  so  often  a  source  of  cholera,  and  the  Egyptian  birkas,  a  nursery  for  the 
snail  hosts  of  schistosomes  and  the  organisms  of  dysentery,  are  of  this  class. 

5.  River  water.  This  is  largely  a  variety  of  surface  water,  but  its  importance 
as  a  source  of  supply  in  the  tropics  justifies  its  consideration  under  a  separate 
heading.  As  Rosenau  has  very  truly  said,  4  Streams  are  the  natural  sewers  of 
the  regions  they  drain,  and,  when  used  as  a  source  of  water  supply,  we  have 
established  a  direct  connexion  between  the  alimentary  canals  of  the  people  living 
upstream  with  the  mouths  of  those  below  ’.  In  some  tropical  countries,  however, 
the  population  is  so  sparse  that  the  risk  is  infinitesimal,  at  least  if  the  river  be 
of  any  volume,  but  conditions  vary  so  greatly  that  no  general  statement  can  be 
made  regarding  the  potability  of  river  water  in  the  tropics,  save  that,  as  a  rule, 
the  water  of  small  and  shallow  rivers  is  unsafe.  In  the  case  of  large  rivers,  while 
water  taken  from  the  centre  of  the  stream  may  be  quite  safe,  water  collected  at 
the  bank  or  from  a  back-water  may  be  dangerous.  Apart  from  any  question  of 
specific  pollution  that  of  suspended  matter  in  the  river  water  may  call  for 
attention.  Thus  the  water  of  the  Blue  Nile  at  high  flood  is  full  of  silt  and  soil- 
washings,  and  is  unfit  for  domestic  use  until  it  has  undergone  some  process  of 
sedimentation  or  filtration.  In  the  tropics  the  onset  of  the  rainy  season  is  usually 
the  period  when  river  water  is  likely  to  be  most  dangerous,  as  the  rain  sweeps 
filth  into  the  stream  and  the  rising  waters  scour  the  banks,  which  may  be  heavily 
fouled  by  men  and  animals. 

The  natural  self -purification  of  rivers  is  effected  by  several  agencies  : 

(i)  Dilution  by  tributary  streams,  especially  when  these  contain  a  purer 
water  or  a  water  differing  in  temperature  or  composition  from  the  river  water. 
Their  composition  may  be  such  that  when  they  mingle  with  the  river  water  a 
chemical  reaction  is  set  up  which  results  in  some  purification.  The  underground 
waters,  which  have  undergone  soil-filtration  and  maybe  remarkably  pure,  also 
serve  as  diluents. 

(ii)  Sedimentation.  This  is  most  effective  in  sluggish  rivers,  but  even  where 
the  current  is  swift  there  is  eventually  a  subsidence  of  organic  and  mineral 
matters  to  the  bottom  and  sides  of  the  river. 

ii 

i 


96 


MINOR  TROPICAL  SANITATION 


(iii)  Biological  action.  Fish  undoubtedly  exercise  a  purifying  action. 
They  feed  on  flakes  of  mucus,  and  it  is  just  those  flakes  and  small  globules 
harbouring  cholera  vibrios  and  the  bacilli  of  dysentery  which  may  make  tropical 
river  water  so  dangerous.  Fish,  however,  and  also  the  minute  animalcules  and 
aquatic  algae  which  feed  upon  organic  matter,  are  subsidiary  in  action  to  the 
nitrifying  bacteria,  which  are  most  active  in  the  presence  of  an  ample  supply 
of  oxygen.  Hence  one  of  the  reasons  for  the  purifying  effect  of  rapids  and 
cataracts. 

(iv)  Solar  action.  As  already  stated  (p.  95),  this  is  operative  to  a  depth  of 
a  few  feet.  Oxidation  occurs,  together  with  disintegration  of  organic  matter 
and  bacteria  and,  whatever  rays  are  effective,  a  point  still  in  dispute,  there  can 
be  little  doubt  that  in  the  tropics  the  sun  exerts  a  powerful  influence  on  the 
superficial  bacterial  content  of  rivers.  The  subject,  however,  is  one  requiring 
scientific  investigation. 

6.  Subterranean  water.  This  is  of  two  kinds,  superficial  and  deep.  The 
former  is  the  so-called  ground  water  and  is  derived  from  that  portion  of  the  rain¬ 
fall  which  has  percolated  into  the  soil  at  a  place  where  its  layers  are  more  or  less 
horizontal  and  has  been  held  up  by  the  first  impermeable  layer.  The  latter  is 
frequently  not  horizontal.  In  some  places  it  approaches  the  surface,  in  others 
it  trends  away  from  it  so  that  the  subsoil  water  is  of  varying  depth.  The  water 
follows,  not  the  line  of  the  land  surface  but  that  of  the  impervious  stratum, 
which  may  be  cut  across  as  in  a  river  valley. 

Hence  at  places  the  water  crops  out  on  the  surface,  usually  as  springs,  though 
it  may  form  ponds  and  even  give  rise  to  rivers.  The  springs  are  called  Land  or 
Dip  Springs  and  are  often  intermittent.  Hence  they  are  an  uncertain  source  of 
supply  and  under  certain  conditions,  as  in  populous  areas  where  cess-pits  exist, 
may  be  polluted.  They  are  common  in  sand  or  gravel  overlying  clay. 

Shallow  wells  are  the  usual  source  of  subsoil  water  and  are  wells  of  varying 
depth  which  do  not  pass  through  an  impermeable  stratum.  They  are  rarely 
more  than  50  feet  deep.  It  is  true  that  the  deeper  they  are  the  more  likely  is  the 
water  in  them  to  be  pure  owing  to  soil-filtration,  but  water  from  a  shallow  well 
must,  in  most  cases,  be  regarded  with  suspicion,  for  there  is  nearly  always  risk 
of  contamination  by  impurities  from  the  surface  of  the  soil.  Frequently  the  sub¬ 
soil  water  draining  into  them  is  polluted  from  cess-pits  in  the  immediate  vicinity 
while  there  is  also  a  risk  of  contamination  from  a  distance,  the  ground  water  being 
in  reality  a  stream  flowing  slowly  towards  its  natural  outlet. 

Unprotected  shallow  wells  are  one  of  the  chief  sources  of  water  supply 
throughout  the  tropics  and  are  specially  dangerous  in  countries  like  India,  where 
cholera  is  endemic. 

Deep  subterranean  water  is  derived  from  the  rain  which  has  fallen  on  the 
outcrops  of  porous  layers  which  are  not  horizontal  but  are  inclined  and  dip  deeply 
down  into  the  earth.  The  water  percolating  into  them  passes  downwards 
sometimes  to  great  depths  and  lies  underneath  the  impermeable  layers  nearer 
the  surface,  forming  subterranean  reservoirs.  If  there  are  several  impermeable 
strata  one  above  another  a  series  of  these  water  reservoirs  may  be  formed,  each 
water-bearing  bed  being  cut  off  from  that  above  and  below  it.  Such  collections 
may  be  near  the  surface  or  at  a  great  depth.  The  water  in  them  has  often 
travelled  long  distances  and,  owing  to  extensive  natural  filtration,  is  frequently 
of  great  purity. 

If  the  impermeable  stratum  holding  up  the  water  crops  out  at  a  lower  level 
the  water  discharges  on  the  surface  in  the  form  of  a  spring.  Deep-seated  springs 
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issuing  from  chalk,  oolite,  greensand,  new  red  and  conglomerate  sandstone,  all 
of  which  are  efficient  water-bearing  strata,  are  called  main  springs  and  are 
permanent.  Other  types  of  main  springs  are  the  fissure  springs  met  with  in 
granitic  regions.  The  water,  having  percolated  to  great  depths,  is  subjected  to 
pressure,  and  meeting  a  natural  outlet  in  the  shape  of  a  fissure  is  forced  upwards 
to  the  surface.  Most  of  the  so-called  junction  springs  are  also  main  springs  in 
the  sense  that  they  are  permanent,  flowing  all  the  year  round  and  being  deep- 
seated.  They  occur  where  water-bearing  strata  encounter  rocks  of  different  con¬ 
sistence  which  are  less  permeable.  As  a  result  the  water  rises  between  them  till 
it  attains  the  surface.  They  are  common  at  ‘  faults  5  due  to  displacement  of 
strata.  Main  spring  water  is  generally  pure,  though  occasionally  impurities  reach 
it  through  cracks  and  fissures  in  the  rock,  especially  in  chalk  and  limestone 
formations.  It  may  be  highly  charged  with  mineral  salts. 

Deep  wells  tap  collections  of  water  enclosed  between  two  impermeable 
strata.  A  deep  well  therefore,  unlike  a  shallow  well,  passes  through  an  imper¬ 
meable  stratum,  and  it  is  well  to  remember  that  now  and  then,  so  far  as  mere 
depth  is  concerned,  a  shallow  well  may  be  deeper  than  a  deep  well.  This,  how¬ 
ever,  rarely  occurs.  The  water  from  deep  wells  is  pure,  well  aerated,  and  free 
from  suspended  matter,  though  it  may  be  hard.  Artesian  wells  are  deep  wells 
which  tap  water  at  such  a  depth  that,  being  under  great  pressure,  it  rises  in  them 
to  the  surface. 

The  ‘  head  ’  or  source  of  the  subterranean  water  will  determine  the  level  to 
which  it  rises.  If  the  source  be  much  higher  than  the  site  of  the  well  the  water 
may  spout  out  of  the  latter  and  do  away  with  the  necessity  of  employing  a  pump. 

7.  Distilled  water.  This  is  not  an  uncommon  source  of  supply  in  the  tropics,  at 
least  in  regions  where  there  is  a  scanty  rainfall,  a  brackish  surface  water,  or  where 
only  salt  lakes  are  available.  Certain  towns  on  tropical  littorals  are  also  supplied 
by  distilled  water  obtained  from  sea-water,  the  classical  example  being  Aden. 

Distilled  water  lacks  air  and  mineral  matter,  and  is  consequently  flat  and 
unpalatable. 

Although  compiled  by  the  Rivers  Pollution  Commissioners  in  connexion  with 
work  on  water  in  this  country  the  following  tables  apply  equally  to  waters  in  the 
tropics. 


CLASSIFICATION  OF  WATERS. 

1.  In  respect  of  wholesomeness,  palatability  and  general  fitness  for  drinking 
and  cooking  : 

f  (1)  Spring  water. 

Wholesome.  ^  (2)  Deep  well  water. 

L(3)  Upland  surface  water"'! 
f  (4)  Stored  rain  water. 

^  (5)  Surface  water  from' 

L  cultivated  land. 
f  (6)  River  water  to  which 
sewage  gains  access. 

L(7)  Shallow  well  water.  J 


Suspicious. 


Dangerous. 


} 

} 


r 


Very  palatable. 
Moderately  palatable. 

Palatable. 


2.  According  to  softness  with  regard  to  washing,  cooking,  etc.  : 

(1)  Rain  water. 

(2)  Upland  surface  water. 

(3)  Surface  water  from  cultivated  land. 
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(4)  Polluted  river  waters. 

(5)  Spring  water. 

(6)  Deep  well  water. 

(7)  Shallow  well  water. 

SEARCH  FOR  WATER. 

This  usually  necessitates  a  study  of  the  geology  of  the  district.  Attention 
must  be  directed  to  faults,  fissures,  junction  of  strata,  and  the  direction  of 
impermeable  strata.  Water  is  more  likely  to  be  found  in  a  hilly  than  in  a  flat 
country.  In  the  case  of  a  plain  any  portion  below  the  general  surface  level 
should  be  selected  as  suitable  for  boring  purposes.  The  junction  of  valleys  and 
the  foot  of  hills  are  spots  where  water  may  exist  near  the  surface,  especially 
if  there  is  a  well-wooded  watershed  ;  indeed  vegetation  generally,  especially 
herbage,  often  affords  a  clue,  as  does  the  presence  of  mists  or  fogs  and  the 
swarming  of  insects,  for  example,  Chironomidse.  Water  is  frequently  found 
under  the  beds  of  dry  rivers  or  nullahs.  Springs  are  likely  to  be  found  where 
faults  exist  and  are  common  in  limestone  formations,  while  deep  water  will  often 
be  discovered  in  beds  of  sandstone.  Water  is  often  readily  forthcoming  near  the 
sea,  but  in  many  parts  of  the  tropics  is  apt  to  be  brackish  and  may  be  so  full  of 
salts  as  to  be  quite  undrinkable.  There  is  often  a  great  variability  in  the  chlorine 
content  of  wells  situated  near  each  other  and,  in  certain  places,  the  freshest  water 
may  be  found  in  wells  which  are  practically  on  the  sea-shore.  Sometimes  the 
pressure  of  water  in  high  land  near  the  sea  may  be  sufficient  to  prevent  the  supply 
becoming  brackish  by  checking  percolation  from  the  sea. 

A  supply,  when  found,  must  not  be  judged  from  the  amount  immediately 
available  when  sinking  a  well,  as  the  nature  of  the  soil,  the  season  of  the  year, 
the  prevailing  weather  conditions,  the  general  surroundings,  and  the  effect 
produced  by  pumping  have  all  to  be  considered. 

When  searching  for  water  it  is  useful  to  be  provided  with  Norton’s  Abyssinian 
tube  wells,  especially  if  gravelly  soil  is  encountered.  They  consist  of  lengths  of 
iron  pipes  from  lj  to  4  inches  (4  to  10  cm.)  in  diameter  driven  down,  one  after 
another,  into  the  ground,  and  fastened  to  each  other  by  screw-joints.  They  can 
reach  a  depth  of  20  to  25  feet.  The  lowest  section  has  a  perforated  steel  point, 
and  once  water  is  reached  a  pump  is  fixed  to  the  other  end,  the  mixture  of  soil  and 
water  removed,  and  clear  water  eventually  obtained. 

SOURCES  AND  NATURE  OF  POLLUTION. 

The  sources  of  pollution  are  very  varied  in  the  tropics,  and  the  pollution  may 
be  of  a  nature  not  found  in  temperate  climates  as,  for  example,  guinea-worm  and 
schistosomes.  ‘  Catchment  areas  ’  may  be  heavily  fouled  by  human  excre¬ 
ment,  and  this  is  often  the  case  also  with  river  banks.  Natives  have  been  known 
to  ease  themselves  directly  into  wells  furnishing  drinking  water  or  to  micturate 
into  them,  while  in  India  they  bathe  and  wash  in  tanks  from  which  such  water 
is  drawn.  Another  source  of  pollution  which  requires  special  attention  is  the 
presence  of  disused  wells,  which  natives  often  employ  as  latrines  or  for  other 
insanitary  purposes. 

Pools  left  in  the  beds  of  falling  rivers  frequently  get  much  polluted,  while 
shallow  well  water  may  be  contaminated  from  leaking  cess-pits,  privy  middens, 
graveyards,  foul  surface  water  washed  down  cracks  and  fissures,  along  tree 
roots  or  down  rat  holes.  Dirty  river  water  may  pollute  wells  in  the  vicinity  but 
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usually  only  if  there  is  some  direct  connexion  or  if  there  is  heavy  pumping,  for, 
as  a  rule,  the  flow  of  the  subsoil  water  is  towards  the  river. 

There  are,  however,  less  obvious  causes  of  pollution.  In  the  Philippine 
Islands  attention  was  drawn  to  the  danger  attending  the  ‘  priming  ’  of  pumps  fixed 
in  wells.  This  has  resulted  in  pure  artesian  waters  becoming  contaminated,  and 
has  necessitated  purification  by  potassium  permanganate  or  by  chlorination. 
Pure  water  being  conveyed  in  pipes  may  be  infected  from  a  polluted  subsoil 
water  if  there  is  pipe  leakage.  This  is  more  likely  to  occur  if  the  supply  is  inter¬ 
mittent.  It  applies  also  to  pipes  used  for  pumping  purposes. 

Dawson,  writing  of  Indian  conditions,  has  drawn  attention  to  the  fact  that 
in  certain  instances  the  soil,  instead  of  acting  as  a  filter,  may  actually  constitute 
itself  a  culture  medium  and  thereby  increase  an  already  existing  contamination, 
at  least  so  far  as  the  bacterial  content  of  the  water  is  concerned.  He  notes  that 
this  is  likely  to  occur  when  the  subsoil  contains  much  clay,  especially  black  clay 
containing  a  large  percentage  of  organic  matter.  Such  a  state  of  things  appa¬ 
rently  explained  curious  results  obtained  in  the  case  of  a  deep  well-supply  at 
Khartoum,  where  a  bed  of  blue  shale  seemed  to  serve  as  the  culture  medium. 

A  matter  of  importance  about  which  our  knowledge  is  still  defective  is  the 
distance  which  specific  infection  can  be  conveyed  by  a  polluted  river  in  the 
tropics.  King  reports  that,  so  far  as  cholera  is  concerned,  the  River  Cauvery,  in 
the  Madras  Presidency,  would  appear  capable  of  conveying  infective  matter 
without  destruction  for  a  distance  of  18  miles.  There  was  some  evidence  that 
during  the  Mesopotamian  campaign  cholera  infection  travelled  a  long  way  down 
the  Tigris,  but,  as  stated,  further  investigation  is  required.  The  interesting  and 
recent  work  of  Morison  and  Fox  on  outbreaks  of  dysentery  and  cholera  in  Poona 
certainly  seems  to  show  that  infection  in  the  case  of  both  these  diseases  may  be 
water-borne  for  a  considerable  distance.  Lake  Fife,  the  source  of  supply,  was 
contaminated  by  the  washings  from  a  foul  catchment  area  and  the  infection 
travelled  through  the  lake  and  then  through  water-pipes  for  a  total  distance  of 
at  least  11  miles. 

Apart  from  specific  pollution  water  may  be  rendered  impotable  by  the 
presence  of  algae,  which  are  sometimes  very  troublesome  in  hot  countries,  while 
other  forms  of  vegetable  life  may  impart  a  disagreeable  smell  and  taste  to  water. 
Iron  and  manganese  derived  from  the  soil  may  cause  trouble,  as  they  favour  the 
growth  of  Crenothrix ,  which  discolours  water,  renders  it  unsuitable  for  washing 
linen  owing  to  the  staining  of  the  fabric,  and  chokes  water-pipes.  A  book  by 
Ellis  recently  published  and  bearing  the  title  ‘  Iron  Bacteria  ’  gives  interesting 
information  on  this  subject. 

Detection  of  sources  of  pollution.  The  simple  tests  employed  in  the  field 
consist  in  adding  some  chemical  substance  to  the  suspected  source  and  then 
noting  whether  or  not  its  presence  can  be  detected  in  the  water-supply.  Various 
substances  are  employed,  notably  fluorescein,  which  is  an  orange  dye-stuff  and 
is  not  precipitated  by  most  soil  ingredients.  It  does  not  occur  naturally  in 
drinking  water.  One  quarter  to  half  a  pound  is  dissolved  in  water  and  the 
solution  is  poured  on  to  the  suspected  source  of  pollution  and  washed  down  into 
the  soil  with  water.  As  the  dye  does  not  colour  water  in  the  presence  of  acid 
some  caustic  soda  is  usually  added  at  the  same  time,  though  the  risk  of  acid 
being  present  is  very  slight.  Fluorescein  in  the  water  supply  can  be  detected 
either  with  the  naked  eye  or  by  the  fluoroscope,  which  is  simply  a  long  tube 
of  clear  glass  with  a  rubber  cork,  in  which  normal  waters  appear  a  dull  blue 
colour.  A  change  to  green  indicates  that  fluorescein  is  present.  The  water 
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is  best  examined  against  a  dark  background.  Beam  devised  a  delicate  and 
satisfactory  chemical  test  for  fluorescein  in  water.  Evaporate  one  or  two 
litres  of  the  water  to  small  bulk,  add  a  few  drops  of  strong  caustic  soda  solution 
and  evaporate  to  dryness  over  the  water  bath.  Add  5  to  10  c.c.  of  strong 
alcohol,  heat  the  dish  on  the  bath  and  bring  the  alcohol  in  contact  with  all  parts 
of  the  water-residue.  Filter  the  liquid  and  repeat  the  extraction  with  alcohol 
several  times.  In  the  absence  of  fluorescein  the  alcohol  remains  quite  colourless, 
but  a  minute  trace  of  the  dye  in  the  original  water  imparts  a  distinct  fluorescence 
to  the  alcoholic  extract.  Space  does  not  permit  of  reference  to  the  other  chemical 
substances  available,  but  it  should  be  noted  that  bacterial  cultures  may  be  used, 
such  as  those  of  B.  prodigiosus,  provided  the  water  to  be  tested  in  this  way  is 
known  to  be  free  of  the  micro-organism  employed. 

It  must  be  remembered  that  the  fact  that  the  test  substance  appears  in 
the  water  does  not  prove  that  specific  pollution  can  also  reach  it  along  the  same 
route,  for  soil  filtration  may  be  effective  in  removing  harmful  micro-organisms 
and  oxidizing  organic  matter,  but  such  tests  are  often  useful  as  indicators  of 
possible  danger,  more  especially  in  the  case  of  soils  with  cracks  and  fissures 
in  them.  They  are  frequently  of  service  in  determining  if  a  well  water  is  likely 
to  get  contaminated. 

Protection  from  pollution.  This  is  best  considered  along  with  the  questions 
of  collection,  storage,  and  distribution. 

COLLECTION  AND  STORAGE  OF  WATER. 

Rain  water  is  collected  either  from  roofs  or  from  specially  prepared  surfaces. 
The  former  is  the  more  common  method,  but  roofs  containing  lead  are  unsuitable, 
and  in  places  where  there  is  much  dust  and  soot  water  collected  from  roofs  may 
be  very  foul.  Hence  measures  have  been  devised  for  the  rejection  of  the  first 
washings.  The  well-known  Roberts’s  rain-water  separator  is  apt  to  get  out  of 
order  in  the  tropics  and  it  is  better  to  have  some  arrangement  whereby  the 
first  flow  from  the  roof  passes  to  a  receiving  tank  or  tanks.  Only  when  these 
are  filled  does  a  float  and  plunger  arrangement  come  into  operation,  diverting 
the  subsequent  catch  to  the  proper  storage  tanks. 

Another  method  is  to  employ  the  rain-water  pipe  as  a  discharge  pipe  for  the 
first  washings,  then  to  plug  it  at  the  bottom  and  allow  the  secondary  clean 
washings  to  rise  in  it  to  a  point  where  a  communication  pipe  joins  the  rain-pipe. 
Along  this  communication  pipe  the  water  passes  to  a  storage  tank.  A  fine 
mesh  of  wire  is  fixed  at  the  pipe  junction  to  prevent  any  suspended  matter 
gaining  access  to  the  tank.  In  calculating  the  amount  obtainable  from  a  sloping 
roof  the  slant  of  the  roof  should  be  entirely  disregarded,  and  the  calculation 
made  as  if  the  roof  were  flat,  stretching  from  wall  to  wall.  A  rainfall  of  1  inch 
upon  a  house  20  ft.  square  is  equal  to  about  250  gallons.  Roof  collection  has 
the  advantage  that  if  the  storage  tanks  are  properly  placed  the  water  reaches 
the  house  by  gravitation. 

Prepared  collecting  surfaces  may  consist  of  slates,  tiles,  stone  slabs,  concrete, 
cement,  and  corrugated  iron  or  zinc.  Stone  or  iron  tanks  can  also  be  used  for 
direct  collection,  but  are  usually  accessory  and  employed  merely  for  storage. 

The  simplest  storage  contrivance  for  rain  water  is  a  barrel,  and  in  the  tropics 
it  frequently  constitutes  itself  a  nuisance,  for  it  is  a  fruitful  source  of  mosquitoes. 
If  it  is  employed,  in  lieu  of  anything  better,  it  must  be  covered  and  the  cover 
must  be  kept  in  good  repair.  It  should  be  ventilated,  periodically  cleaned, 
and  be  furnished  with  an  overflow  pipe.  Tanks  or  cisterns  of  lead,  zinc, 
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badly  galvanized  iron,  and  wood  are  bad.  Slates,  tiles,  stone,  concrete, 
cement,  brick,  or  good  galvanized  iron  may  be  used,  and  storm  overflows  dis¬ 
charging  into  the  air  should  be  provided.  Mortar  should  be  avoided  in  con¬ 
structing  rain-water  tanks  as  it  yields  lime  to  the  water,  renders  it  hard,  and 
may  impart  a  disagreeable  taste  to  it.  Portland  cement  forms  the  best  binding 
substance.  All  cisterns  should  be  carefully  covered  and  all  openings  discharging 
into  the  air  ought  to  be  properly  screened  with  wire  mesh,  18  strands  to  the 
linear  inch.  An  outlet  pipe  must  be  fixed  to  the  bottom  of  the  cistern  so  that 
the  latter  can  be  completely  emptied.  If  this  cannot  be  arranged  the  pipe 
should  be  flush  with  the  base  of  the  tank,  not  several  inches  above  it. 

The  amount  of  water  for  which  storage  provision  must  be  made  is  calculated 
by  multiplying  the  number  of  days  which  the  storage  must  last  by  the  number 
of  cubic  feet  of  water  required  daily.  To  ascertain  the  number  of  days  for 

which  storage  must  be  provided  Hawksley’s  formula  is  used,  i.e.  D  =  — 

v  R 

where  D  is  the  number  of  days  and  R  the  average  annual  rainfall  in  inches. 

Frequent  inspection  of  cisterns  is  required,  and  this  is  more  easily  carried  out 
when  they  are  placed  above  ground.  In  cisterns  so  situated,  unless  they  are 
protected  from  the  sun,  water  may  become  very  warm.  One  advantage  of  the 
underground  tank  is  that  it  furnishes  cooler  water,  but  care  must  be  taken  to 
see  that  subsoil  water  does  not  gain  access  to  it  through  a  crack  or  vent.  In  all 
cases  it  is  an  advantage  to  exclude  light,  which  favours  the  growth  of  aquatic 
vegetation. 

As  Houston  has  shown,  storage  is  an  important  factor  in  the  purification 
of  water.  Hence  it  is  well  to  have  a  large  cistern  or  to  supply  several  storage 
tanks,  so  that  time  may  be  afforded  for  the  self-purifying  process  which  occurs 
in  stored  water. 

The  collection  of  upland  surface  waters  usually  necessitates  the  construction 
of  impounding  and  storage  reservoirs,  entailing  considerable  engineering  work. 
The  subject  is  outside  the  scope  of  this  chapter. 

The  protection  of  4  catchment  areas  ’  may,  however,  be  briefly  considered. 
In  tropical  countries  it  is  often  very  difficult  to  protect  gathering  grounds,  for 
it  is  not  easy  to  control  the  movements  of  natives  and  animals.  Sometimes 
it  is  possible  to  fence  the  area,  but  a  fence  without  a  guard  and  without  frequent 
inspection  is  often  a  broken  reed. 

Care  should  be  taken  to  select  a  catchment  area  which  is  uninhabited  or 
very  sparsely  populated  and  which  is  not  under  cultivation.  Simpson  has 
pointed  out  that  it  is  important  that  gathering  grounds  in  the  tropics  should 
be  planted  with  trees,  for  they  check  and  regulate  the  flow  of  the  rain  to  the 
reservoir,  prevent  overfilling  of  the  latter  and  consequent  waste,  and  also  prevent 
much  silt  being  washed  into  the  supply. 

There  should,  however,  be  a  clear  space  round  the  reservoir,  as  otherwise 
vegetable  matter  gets  into  the  water  and,  decaying  in  it,  renders  future  purifica¬ 
tion  more  difficult. 

Areas  containing  peat  should  be  avoided,  for  peaty  waters  are  plumbo- 
solvent  and  often  highly  coloured. 

Gathering  grounds  should  not  contain  swamps,  which  furnish  much  vegetable 
organic  matter  to  the  water.  If  they  are  present  they  should  be  drained. 

It  is  often  useful  for  the  medical  officer  to  know  how  to  calculate  the  yield 
from  streams  which  are  to  be  impounded.  In  the  case  of  large  streams  this 
may  be  done  by  floating  bodies. 
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A  smooth-running,  uniform  portion  of  the  stream  and  one  of  fair  length  is 
chosen  and  its  breadth  (B)  and  average  depth  (D)  are  ascertained  in  feet.  A  cork 
or  wood  chip  is  floated  from  one  point  to  another  along  the  measured  length 
and  the  time  taken  to  traverse  the  distance  is  noted.  This  will  show  the  surface 
velocity,  which  may  be  expressed  in  feet  per  hour.  The  mean  velocity  may  be 
taken  as  fths  of  the  surface  velocity.  Then  D  x  B  x  fV  x  6-25  =  gallons  jx*r 
hour  of  yield. 

For  a  small  stream  a  thin,  notched  plank  is  used  with  sides  at  90  degrees. 
Dam  up  the  stream  so  that  a  ‘  still-pond  ’  is  formed  behind  the  dam  and  the 
water  flows  off  through  the  notch.  Measure  the  height  from  the  bottom  of  the 
notch  to  the  surface  of  the  water  where  it  is  not  affected  by  the  overflow  ;  then? 
1  •  9?  8H2  \/H  =  discharge  in  gallons  per  minute.  H  =  depth  of  water  in  inches 
above  apex  of  notch. 

Tank  water  can  be  protected  by  raising  the  banks  of  the  tank  so  that  surface 
washings  are  excluded.  The  banks  should  be  planted  with  grass.  Sometimes 
tanks  can  be  fenced,  but  a  fence  without  a  guard  is  often  ineffective.  A  jetty 
should  be  provided  from  which  the  water  can  be  drawn.  It  is  an  advantage 
to  dig  wells  about  a  tank  and  permit  the  drinking-water  to  be  drawn  solely 
from  these  wells.  This  ensures  a  certain  amount  of  soil  filtration  and  purification. 
Tank  water  may  also  be  pumped  into  storage  cisterns  furnished  with  taps. 

Simpson  recommends  stocking  tanks  with  fish,,  and  states  that  plants  such  as 
Vallisneria,  which  gives  off  oxygen,  have  been  found  effective  in  improving 
tank  water. 

The  tank  used  for  drinking-water  should  not  be  employed  for  bathing  and 
washing  purposes,  nor  should  boating  or  fishing  be  permitted  on  it.  A  clear 
area  should  surround  the  tank  and  there  should  be  no  source  of  possible  pollution 
in  its  immediate  neighbourhood. 

River  water  may  be  collected  in  infiltration  galleries,  provided  a  pure  and 
readily  permeable  subsoil  is  available,  and  such  a  method  of  collection  may  do 
away  with  the  necessity  for  storage  reservoirs,  filter-beds,  and  even  service 
reservoirs.  If  water  can  be  distributed  from  such  a  gallery  by  gravitation 
much  expenditure  in  pumping  may  be  obviated,  and  hence  the  possibilities  of 
collection  in  this  manner  should  always  be  considered. 

As  a  rule  river  water  is  collected  by  dipping  or  by  pumping.  The  former 
method  is  of  course  apt  to  lead  to  contamination.  Although  chiefly  employed 
for  irrigation  purposes  mention  may  be  made  of  certain  native  methods  of 
collecting  river  water,  as  they  are  applicable  to  drinking-water  supplies  and 
indeed  are  to  be  in  some  measure  commended,  as  they  lessen  the  risk  of  pollution. 
The  Persian  wheel  or  Egyptian  sakia  operated  by  bullocks,  the  Shadoof  with 
its  tin  or  bucket  and  weighted  pole,  and  the  Churud  may  all  take  the  place 
of  a  pump  and  form  useful  means  of  water  collection  under  certain  condi¬ 
tions.  It  is  very  necessary  to  see  that  the  water  collected  for  drinking 
and  cooking  purposes  is  taken  farthest  up  stream,  and  in  the  case  of  villages 
and  small  towns  the  stretch  of  river  devoted  to  this  purpose  should  be  marked 
off  by  flags.  Below  this  water  may  be  taken  for  bathing,  below  this  for  water¬ 
ing  animals,  while  still  farther  down  stream  the  washing  place  for  clothes 
should  be  fixed.  In  the  army  a  red  flag  signifies  a  washing  place,  a  white  flag 
a  drinking  place,  and  a  blue  flag  a  place  for  watering  horses  and  mules. 

The  surroundings  of  the  main  river  may  be  above  reproach  and  yet  its  water 
may  be  fouled  from  polluted  tributary  streams.  Hence  before  deciding  on 
a  place  of  collection  a  careful  and  extensive  survey  should  be  made.  Wherever 
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it  can  be  managed  water  should  be  drawn  from  the  main  current  and  from 
a  spot  well  out  into  the  stream.  In  the  Dongola  campaign  it  was  found  that 
whereas  water  collected  close  to  the  bank  of  the  Nile  produced  cholera  in  those 
who  drank  it,  that  which  was  taken  from  mid-stream  could  be  drunk  with 
impunity.  A  staging  may  be  built  out  into  a  river  for  purposes  of  collection  or 
a  boat  may  be  stationed  in  mid-stream  and  the  supply  drawn  alongside  it. 
Where  pumping  is  employed  the  pipe  should  be  carried  out  into  the  main  stream. 
If  a  rubber  hose  be  used  it  can  be  buoyed  in  position,  if  a  metal  pipe  it  can  be 
led  along  a  wooden  pier  and  made  to  clip  into  the  current. 

Simple  methods  of  this  kind  have  been  found  useful  in  the  collection  of  the 
canal  water  which  forms  such  a  common  source  of  supply  in  Egypt. 


Fig.  47.  Rubber  canvas  receptacle  for  water,  as  used  in  Mesopotamia. 


The  banks  should  be  protected  at  and  above  the  intake,  as  large  an  area  as 
possible  being  guarded. 

In  Mesopotamia,  where  there  was  a  shortage  of  tanks  and  no  wood  or  stone 
from  which  cisterns  could  be  constructed,  the  large  rubber  canvases  shown  in 
fig.  47  were  employed  for  storage.  Each  of  these  receptacles  held  2,300  gallons. 
They  had  the  disadvantage  of  being  uncovered  but  served  a  useful  purpose  as 
temporary  reservoirs.  Another  procedure  was  to  dig  a  large  shallow  pit  and 
line  it  with  tarpaulins. 

Subterranean  waters  are  often  collected  in  wells.  The  so-called  k  step  well  ’ 
by  which  an  approach  to  the  water  is  furnished  should  always  be  condemned 
as  it  is  certain  to  become  contaminated.  The  ‘  dug  well  5  is  one  of  the  most 
common  means  of  collection  in  the  tropics,  and  natives  are  often  very  skilled 
in  the  digging  of  wells  and  can  carry  them  down  to  a  great  depth.  King 
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describes  an  ingenious  makeshift  method  of  boring  employed  by  a  Burman  in 
search  of  oil,  which  he  thinks  might  with  advantage  be  adopted  for  obtaining 
water  from  strata  lower  than  those  tapped  by  shallow  surface  wells. 

The  simple  implements  employed  are  shown  in  fig.  48. 

‘  A  is  a  bamboo  shod  with  iron  or  steel.  With  a  hammering  and  twirling  motion 
and  little  exertion  the  single  labourer  necessary  loosened  the  gravel.  This  accomplished, 
it  was  removed  from  the  bore  by  means  of  a  bamboo  split  at  the  end  and  with  the 
parts  held  apart  by  inserting  another  piece  of  bamboo  transversely  through  the  split 
portion.  These  split  portions  retained  a  certain  amount  of  elasticity,  and  when  thrust 
over  the  gravel  debris  at  the  bottom  of  the  bore  closed  over  it— very  much  as  a  human 
hand  would  do  (C).  The  boring  was  lined  in  a  square  shape  at  the  upper  portion  by 
thrusting  teak  planks  into  position.  For  the  withdrawal  of  water,  the  crude  but 
ingenious  bucket  B  was  employed.  -This  was  a  cylinder  made  out  of  an  old  kerosine 
tin,  open  at  both  ends,  but,  in  the  distant  end,  guarded  by  a  cone  of  tin  with  the 
apex  removed.  The  cylinder  was  suspended  by  rope  to  allow  of  its  being  lowered 
to  the  bottom  of  the  bore.  There  was,  however,  provided  a  second  rope  held  loosely 
in  the  hand  till  the  bucket  reached  the  bottom  of  the  bore.  To  this  rope  was  attached 
a  cotton  bag  containing  loosely  packed  clay.  When  it  was  considered  the  bucket  was 
filled  with  water  the  cotton  bag  was  by  a  motion  of  the  rope  allowed  to  descend  over 
the  cone,  and  made  a  sufficient  though  not  fully  water-tight  valve  enabling  the  bucket 
filled  with  water  to  be  withdrawn.’ 


Fig.  48.  Detail  of  simple  well-boring  implements. 

Tropical  Diseases  Bulletin. 

King  remarks  that  c  a  section  of  a  female  bamboo  could  very  well  take  the 
place  of  the  tin  of  the  bucket,  whilst  the  natural  arrangement  of  the  joint  of 
the  bamboo  would  replace  the  cone  forming  the  valve  seat.’  ( Tropical  Diseases 
Bulletin,  vol.  IV,  1914,  pp.  471-2). 

The  ordinary  dug  well  is  of  large  calibre  and  its  sides  are  usually  unprotected. 
Hence  it  is  liable  to  pollution. 

The  pot  well  met  with  in  India  is  an  advance  upon  the  unprotected  dug  well, 
for  the  sides  are  guarded  by  rings  of  unglazed  earthenware.  These,  however, 
are  not  bevelled  or  made  tight-fitting  in  any  way.  King  has  suggested  that  if 
they  be  given  a  backing  of  puddled  clay  or  concrete,  using  six  inches  of  concrete 
for  the  upper  three  feet  of  the  lining,  and  if  the  rings  and  concrete  are  continued 
above  the  surface  to  form  a  parapet,  a  very  fair  grade  of  protection  against 
surface  and  subsoil  contamination  is  afforded,  especially  if  a  platform  with 
a  drain  is  provided  round  the  mouth  of  the  well. 

It  is  very  desirable  that  every  well  should  be  lined  with  porous  brick  and 
that  it  should  be  steined  in  its  upper  parts,  i.e.  down  to  water  level  in  the  case 
of  a  shallow  well.  Rock  concrete  tubes  can  sometimes  be  obtained  for  this 
purpose,  otherwise  bricks  set  in  cement  are  employed  with  a  concrete  backing 
to  a  depth  of  12  feet  and  below  that  puddled  clay.  There  should  be  a  coping 
provided  with  a  well-fitting  cover,  and  the  area  immediately  surrounding  the 
well-mouth,  for  a  distance  of  at  least  12  feet,  should  be  concreted  and  drained, 
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the  drain  discharging  at  a  good  distance  from  the  well.  If  this  cannot  be  done 
care  should  at  least  be  taken  to  see  that  the  soil  round  the  mouth  of  the  well 
slopes  away  from  it  so  that  surface  washings  do  not  gain  access  to  the  water 
supply.  In  the  case  of  a  communal  well  there  should  be  a  fenced  area  enclosing 
it  (fig.  49).  The  water  is  usually  drawn  by  means  of  a  rope  and  bucket, 
either  by  hand  or  with  the  aid  of  a  windlass.  The  use  of  a  skin  receptacle, 
such  as  the  goatskin  4  mashak  ’  of  India,  in  lieu  of  the  bucket  should  be  pro¬ 
hibited  as  such  vessels  become  very  foul. 


Fig.  49.  Method  of  protecting  well  area  and  shallow  well.  Modified  after 
Muirhead.  Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 


These  methods  of  collection  are  very  apt  to  lead  to  contamination,  and 
wherever  it  can  be  managed  pumps  should  be  introduced,  the  ordinary  suction 
pump  having  a  maximum  lift  of  25  to  30  feet.  Owing  to  imperfections  in  the 
different  parts  of  the  pump  it  is  found  in  practice  that  water  can  rarely  be  lifted 
more  than  20  to  25  feet.  Hence  so-called  4  shallow-water  ’  pumps  are  useless 
if  affixed  to  wells  the  water  of  which  sinks  below  20  feet  during  the  dry  season, 
a  point  to  be  remembered.  A  4  deep-water  ’  hand  pump,  such  as  Myer’s  sub¬ 
merged-cylinder,  double-acting  force-pump  is  comparatively  cheap  and  is  easily 
operated.  Hand  pumps,  however,  are  likely  to  give  place  to  pumps  operated  by 
kerosene  oil  engines,  for  the  latter  do  not  require  much  skill  on  the  part  of  the 
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attendant  and  they  are  comparatively  cheap.  A  pre-war  figure  was  £64  for  an 
engine  and  pump  delivering  1,000  gallons  per  hour  against  a  total  head  of  80 
feet  and  consuming  only  l|  pints  of  refined  petroleum  per  hour  (King). 

In  the  case  of  a  village  a  small  centrifugal  pump  can  be  installed,  discharging 
into  an  elevated  tank.  It  is  well  to  have  two  pumps  in  case  of  a  breakdown. 

King  quotes  some  Indian  pre-war  figures  showing  the  daily  cost  of  working 
a  B.H.P.  engine  with  a  4-inch  pipe.  These  may  be  given,  as  this  is  the  kind 
of  problem  about  which  medical  officers  often  require  information. 


Liquid  fuel  for  10  hours  at  1  gall,  per  hour  ..... 

Lubricating  oil,  waste,  etc.  ........ 

Pay  of  driver  at  Rs.  15  per  mensem  ...... 

121  per  cent  on  the  outlay  of  Rs.  2,500  .  ..... 

Maintenance,  renewal  of  belting  vaporizer,  etc.,  at  Rs.  200  per  annum 


Rs.  a.  p. 

1  14  0 

0  0  6 

0  8  0 

0  14  0 

0  10  0 


Rs.4  4  0 


A  pump  of  this  kind  will  pump  out  325  gallons  per  minute.  The  pump, 
whether  a  hand  pump  or  an  engine-driven  pump,  should  not  be  fixed  directly 
over  the  well  but  at  the  side  of  it  or  at  some  distance  from  it  so  that  the  pipe 
has  not  to  pass  through  the  well  cover.  This  is  important,  for  otherwise  it  is 
very  difficult  to  prevent  leakage  between  the  pipe  and  the  cover  and  mosquitoes 
may  gain  access  to  the  well  through  the  aperture.  In  the  case  of  engine-driven 
pumps  oil  or  foul  water  used  for  4  priming  5  is  apt  to  gain  access  to  the  w’ell 
through  such  an  opening. 

In  the  tropics  well  covers  are  needed  not  only  to  keep  out  impurities 
but  to  prevent  mosquitoes  gaining  access  to  the  well  water.  Experience  has 
shown  that  improvised  well  covers  made  of  sacking  or  canvas  attached  to  metal 
barrel  hoops  are  unsatisfactory.  It  is  necessary  to  affix  a  well-made  wooden 
cover  and  to  keep  it  in  good  repair,  unless  of  course  a  pipe  and  pump  can  be 
installed  and  the  well-head  closed  in  with  cement. 

The  sakia  or  water  wheel- already  mentioned  is  not  infrequently  used  for 
raising  water  from  wells.  Care  must  be  taken  that  the  circular  path  trodden 
by  the  cattle  working  the  wheel  is  kept  clean  and  is  drained  away  from  the  well. 

A  shallow  well  may  be  protected  from  pollution  by  sinking  an  iron  pipe 
in  it  so  that  it  reaches  from  top  to  bottom,  filling  the  well  up  to  the  highest 
water  level  with  pebbles  and  gravel  and  capping  this  with  sand  up  to  the  surface. 
This  really  converts  the  well  into  a  tube  well,  and  if  a  pump  be  fixed  some  little 
distance  from  it  the  chances  of  surface  pollution  are  greatly  lessened. 

The  deep  well  requires  to  be  protected  in  much  the  same  way  as  the  shallow 
well,  save  that  the  steining  must  be  carried  down  not  to  the  water  level  but  to 
the  first  impermeable  stratum  which  the  well  pierces. 

The  question  of  bored  wells  lined  by  metal  tubes  and  carried  to  great  depths 
cannot  be  here  considered. 

Certain  facts  regarding  wells  generally,  however,  merit  attention.  The 
area  drained  by  a  well  is  said  by  some  to  have  a  radius  about  four  times 
the  depth  of  a  well,  but  accurate  information  on  this  subject  is  not  forthcoming. 
As  Lelean  says,  any  data  employed  must  obviously  be  taken  in  conjunction  with 
the  ground  slope,  the  direction  of  flow  of  subsoil  water,  the  porosity  of  the  soil, 
and  the  speed  of  pumping. 

The  depth  of  a  well  to  water  level  can  be  roughly  determined  by 
dropping  a  stone  into  it  and  noting  the  time  it  takes  to  reach  the  surface  of 
the  water.  Then  the  depth  S  =  -Jg  t2,  g  being  32-2  feet  per  sec.  and  t  the  time. 
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The  yield  of  a  well  is  ascertained  by  pumping  out  the  water,  measuring 
it,  and  noting  how  long  the  well  takes  to  fill  to  the  original  level.  The  following 
formula  is  usually  employed  : 


Yield  of  a  well  = 


D2  x -785  xdx  6  23  „  ,  .  ^ 

- — - - gallons  per  hour  where  D  =  diameter 


of  well  in  feet  and  d  =  distance  in  feet  between  the  normal  water  level  and  the 
mark  to  which  it  has  been  pumped  down  for  the  purpose  of  determining 
the  yield. 

T  =  time  (in  hours)  taken  to  regain  normal  water  level. 


Fig.  50.  Protected  ‘  spring  ’  water  supply  in  the  tropics,  showing  hose 

leading  to  water  tank. 


The  following  figures  are  worth  bearing  in  mind  : 


Each  foot  of  water  in  a  well  4  feet  in  diameter 
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Spring  water  requires  special  care  in  its  collection  as,  being  on  the  surface, 
it  is  very  liable  to  pollution.  A  method  employed  with  success  in  East  Africa 
for  protecting  a  good  spring  supply  is  shown  in  fig.  50.  It  will  be  seen  that  the 
hose  leading  from  the  pool  to  the  tank  passes  through  a  hole  in  the  reed  fence, 


108 


MINOR  TROPICAL  SANITATION 


the  only  aperture  present  in  the  latter.  Though  useful  as  far  as  it  went,  the 
method  would  have  been  improved  had  it  been  possible  to  protect  a  wider  area, 
extending  up  to  the  ridge  shown  in  the  photograph.  Such  an  arrangement 
would  have  helped  to  eliminate  possible  danger  from  drainage  into  the 
spring. 

It  is  usually  necessary  to  protect  springs  from  surface  washings  either  by 
building  a  parapet  or  digging  an  interception  trench  or  employing  both  methods. 
A  pipe  can  be  fixed  in  position  from  which  receptacles  can  be  filled  and  pro¬ 
vision  made  for  dealing  with  overflow.  No  pool  should  be  formed  below  the 
spring  into  which  vessels  can  be  dipped,  but  it  is  often  advisable  to  conserve 
the  yield  of  a  spring  by  building  a  small  reservoir  or  by  the  use  of  barrels 
sunk  in  a  series  with  connecting  gutters  as  shown  in  fig.  51. 

Protection  on  a  larger  scale,  as  for  a  town  supply,  necessitates  walling  in  the 
spring,  filling  in  the  spring-head  with  sand  and  piping  the  water  to  reservoirs. 


Fig.  51.  Conservation  of  spring  water  by  means  of  barrels.  Modified  from 
Instructions  for  Field  Sanitation,  South  Africa. 


Domestic  storage.  Apart  from  the  question  of  cisterns,  already  considered, 
the  domestic  storage  of  water  in  the  tropics  is  usually  associated  with  attempts 
at  purification,  as  witness  the  use  of  the  Indian  4  Surai  ’,  Persian  4  Hub  or 
Egyptian  4  Zeer  ’  fo  which  reference  will  in  due  course  be  made. 

Storage  on  a  small  scale  is  effected  in  vessels  which  at  the  same  time  cool 
the  water,  such  as  the  Indian  4  chattie  ’  or  Egyptian  4  goulah  ’  made  of  unglazed 
porous  earthenware.  The  glazed  vessel,  though  not  such  a  good  cooling  agent, 
is  probably  more  hygienic,  as,  in  poor  class  native  houses  at  least,  the  porous 
jars  get  filthy. 

Some  types  of  Indian  4  dighi  ’,  i.  e.  impermeable  canvas  bags  slung  on  light 
wooden  frames,  make  very  good  storage  receptacles  for  water  under  the  con¬ 
ditions  of  camp  life  and  are  easily  packed  for  transport.  They  are  furnished 
with  flap  covers  and  if  placed  under  shade  and  in  a  breeze  keep  the  water  cool. 
Metal  vessels  are  commonly  employed  in  India.  They  can  be  readily  cleaned 
and  may  even  have  a  slight  purifying  effect  upon  the  water. 

DISTRIBUTION  OF  WATER. 

In  the  field  and  in  camp  life  generally  the  methods  of  distribution  are 
frequently  primitive,  petrol  tins  proving  themselves  useful  water  receptacles 
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and  being  carried  either  by  hand  or  slung  at  the  end  of  a  pole  borne  upon  the 
shoulders.  Care  must  be  taken  to  see  that  the  openings  in  the  tins  are  not 
plugged  with  handfuls  of  grass  or  any  convenient,  but  too  often  grossly  insani¬ 
tary,  kind  of  stopper,  as  was  frequently  the  case  in  East  Africa. 

Other  insanitary  methods  which  may  be  mentioned  are  the  goatskin  or 
4  mashak  ’  of  the  Indian  bhisti  and  canvas  or  leather  bags  slung  across  the 
backs  of  donkeys.  Even  if  the  receptacle  is  kept  clean  the  water  is  very  apt 
to  be  fouled  by  the  hands  of  the  water-carrier  when  he  pours  it  out  of  the 
skin  or  bag. 

For  transport  by  animals  the  ‘  fantass  5  or  metal  tank  and  the  Indian 
4  pakhal  5  are  commonly  used.  The  screw  tops  of  these  receptacles  are  very 
liable  to  be  lost  unless  chained  to  the  tanks  and,  if  lost,  any  kind  of  makeshift 
stopper  is  apt  to  be  employed. 

Open  channels  for  the  distribution  of  drinking  water  in  the  tropics  are 
always  a  source  of  danger  and  should  not  be  permitted.  They  were  at  one 
time  employed  in  the  Corps  Area  in  Mesopotamia,  and  though  the  water  con¬ 
veyed  by  them  was  duly  chlorinated  no  sanitarian  could  view  them  with  any¬ 
thing  but  suspicion,  as  they  were  unfenced  and  the  mounted  guards  could  not 
possibly  supervise  them  properly.  Apart  from  the  question  of  specific  pollution, 
the  water  in  such  open  conduits  is  apt  to  get  filled  with  aquatic  growth  and  to 
become  a  nursery  for  mosquitoes. 

For  the  conveyance  of  water  for  short  distances  channels  made  from  the 
split  and  hollowed  stems  of  date  palms  are  useful,  while  bamboos  make  excellent 
water  leads.  Wherever  possible,  however,  pipes  should  be  employed.  Good 
improvised  piping  can  be  made  from  hollow  metal  telegraph  poles  set  end  to 
end.  A  point  to  be  remembered  when  introducing  a  piped  supply  into  a  hot 
country  is  that  the  water  pipes  should  not  be  laid  too  near  the  surface  of  the 
soil,  otherwise  the  water  issuing  from  them  may  be  so  warm  as  to  be  undrinkable, 
or  at  least  unpalatable.  A  case  in  point  occurred  in  India  where  a  piped  supply 
superseded  a  bad  shallow  well  supply.  The  pipes  were  not  sufficiently  covered 
and  the  natives  refused  to  drink  the  pure  water  and  had  recourse  to  the  well 
water,  although  it  was  known  to  have  been  the  cause  of  an  outbreak  of 
cholera. 

In  small  tropical  communities  it  will  rarely  be  found  possible  to  arrange 
for  a  4  house  ’  distribution.  All  that  can  usually  be  done  is  to  erect  stand-pipes 
at  convenient  places  in  the  streets.  This  is  also  the  course  usually  followed  in 
the  poorer  native  quarters  of  trojfical  towns.  A  nuisance  is  very  apt  to  be 
created  around  these  stand-pipes  unless  the  ground  round  them  is  properly 
drained.  A  concrete  platform  should  be  provided  with  a  suitable  channel 
leading  to  a  street  drain.  The  stand-pipe  itself  may  require  the  presence  of  an 
attendant.  If  this  is  not  the  case  a  type  should  be  chosen  which  automatically 
cuts  off  the  supply.  Otherwise  a  dripping  tap  is  often  in  evidence  and  pools 
form  in  the  street. 

Quantity  of  water  required.  It  is  impossible  to  lay  down  any  general  rule 
beyond  noting  that  most  persons  in  the  tropics  require  much  more  water  than 
the  two  or  three  pints  usually  taken  daily,  as  water  apart  from  food,  by  the 
inhabitants  of  temperate  climates.  The  amount  needed  for  domestic  use  varies 
greatly,  depending  not  only  on  the  type  of  climate  but  to  a  greater  extent  on 
the  habits  of  the  people  and  the  form  of  sanitation  which  is  in  vogue.  Women 
drink  less  than  men  and  children  also  less  but  relatively  more  considering  their 
size.  In  the  tropics  children  need  a  great  deal  of  water.  The  quantity  is 
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expressed  as  so  many  gallons  per  head, 
idea  of  the  daily  supply  required  : 

Cooking 

Drinking 

Clothes  washing  (laundry) 
Domestic  purposes 
Baths 
Waste 


The  following  table  gives  a  general 


Galls. 

1-0 

0-5 

50 

70 

40 

30 


In  certain  places  there  must  be  added  : 

Water  closets 
Trade  purposes 
Municipal  . 


20-5 


Galls. 

50 

5-0 

50 


150 


making  a  total  of  35-5  gallons  for  an  urban  population.  In  hospitals  as  much 
as  50  gallons  per  head  per  diem  are  used. 

Probably  30  gallons  per  head  per  diem  is  a  good  all-round  figure  to  aim  at 
in  tropical  countries,  but  this  amount  is  usually  exceeded  during  the  hot  season 
of  the  year. 

Muirhead  gives  the  usual  allowance  for  animals  as  follows  : 


Oxen  and  mules 
Horses 
Camels 
Elephants  . 


Galls. 

5 

15 

20 

25 


Oxen  often  require  10  gallons. 


PURIFICATION  OF  WATER. 

In  a  work  devoted  merely  to  ‘  Minor  Tropical  Sanitation  ’  it  is  difficult  to 
know  how  much  information  should  be  furnished  on  this  large  subject,  especially 
as  space  is  limited.  It  seems  advisable  to  deal  merely  with  improvised  and 
simple  methods  on  which  the  Medical  Officer  in  the  tropics  is  likely  to  be  called 
upon  to  give  his  opinion  or  actually  to  practise.  There  are  several  works  on 
Tropical  Sanitation  which  furnish  particulars  as  regards  filtration  on  a  large 
scale  and  other  more  or  less  elaborate  methods  of  water  purification,  while  the 
Sanitarian  can  also  find  information  on  these  subjects  in  standard  works  on 
hygiene.1  Indeed,  when  dealing  with  these  larger  aspects  of  the  question  it  will 
be  found  that  most  of  the  methods  in  vogue  in  temperate  climates  are  applicable 
to  tropical  conditions. 

Before  considering  the  simpler  processes  in  detail,  something  may  be  said 
about  purification  at  the  source  of  supply.  Thus  in  the  case  of  rain  water 
a  sand  and  gravel  filter  is  often  interposed  between  the  collecting  surface  and 
the  storage  tank,  and  serves  at  least  to  remove  gross  impurities,  though,  like 
all  filters,  it  requires  careful  and  frequent  supervision.  In  the  case  of  shallow 
water  supplies  exposed  to  air  and  light  algse  are  often  troublesome.  They  are 
dealt  with  by  the  application  of  copper  sulphate,  ten  pounds  of  the  salt  being 
used  for  every  million  gallons  of  water.  In  the  case  of  a  stagnant  river,  reservoir, 
or  tank,  the  copper  sulphate  can  be  towed  in  bags  behind  a  boat. 

The  purification  of  well  waters  is  an  important  matter  in  the  tropics,  especially 

1  A  specially  valuable  publication  is  that  entitled  Egyptian  Water  Supplies.  It  forms  No.  3 
of  the  Reports  and  Notes  of  the  Public  Health  Laboratories,  Cairo,  and  was  issued  in  1920. 
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when  cholera  is  present  or  suspected.  It  is  usually  effected  by  the  addition  of 
potassium  permanganate,  but  opinions  vary  as  to  the  amount  which  should 
be  used  when  ‘  pinking  5  shallow  wells  for  cholera.  One  ounce  per  2,000  gallons 
of  the  well  water  is  said  to  be  sufficient,  provided  the  well  is  treated  in  the 
evening  so  that  the  6  pinked  ’  water  is  not  disturbed  during  the  night.  The 
permanganate  should  be  dissolved  in  a  small  vessel  which  can  be  lowered  to 
the  bottom  of  the  well  and  then  withdrawn  quickly  so  that  the  water  is  stirred 
up  and  thorough  mixing  secured. 

For  rapid  action  it  is  better  to  employ  the  method  cited  by  Lelean,  i.  e.  add 
to  each  gallon  of  water  60  grains  of  permanganate  with  three  drachms  of  strong 
hydrochloric  acid.  Leave  for  24  hours  and  then  pump  until  the  water  is  colour¬ 
less.  If  there  is  no  pump  the  water  may  be  withdrawn  by  bucket.  If  the 
pink  colour  persists  it  can  be  discharged  by  alum.  Permanganate  is  useful  for 
ridding  a  water  of  an  offensive  odour.  An  amount  varying  from  one  grain  per 
25  gallons  to  one  grain  per  100  gallons  may  be  used.  Simpson  recommends 
adding  a  few  grains  of  the  permanganate,  heating  gently,  and  continuing  to  add 
the  salt  until  a  pink  tinge  remains  for  fifteen  minutes.  Citric  acid  in  the  pro¬ 
portion  of  1  oz.  to  16  gallons  is  stated  to  be  very  useful  for  freeing  a  water  from 
the  fishy  taste  and  smell  sometimes  imparted  to  it  by  the  decay  of  minute  algae. 

Wells  can  be  cleaned  and  disinfected  by  the  addition  of  lime.  Throw  into 
the  well  about  half  a  barrel  of  freshly  burnt  lime  and  stir  thoroughly.  If  the 
well  is  so  deep  that  proper  mixing  cannot  be  ensured  by  stirring  add  the  lime 
in  solution. 

If  the  well  is  steined  the  sides  should  be  scrubbed  with  the  milk  of  lime. 
Empty  the  well  by  pumping  or  otherwise,  allow  to  refill  and  add  a  second 
supply  of  lime.  Then  allow  the  well  water  to  stand  for  24  hours,  after  which 
it  is  again  emptied  out  and  the  well  is  allowed  to  refill.  No  more  lime  is 
added,  but  the  well  is,  if  necessary,  repeatedly  emptied  till  its  water  is  free  from 
lime.  Chlorinated  lime  may  be  used  instead  of  lime,  but  is  not  so  satisfactory 
in  the  tropics  owing  to  its  instability. 

Well  waters  containing  infected  Cyclops  and  capable  of  causing  dracontiasis 
(guinea-worm  infection),  may  be  rendered  safe  by  adding  sufficient  quicklime 
to  raise  the  temperature  of  the  water  to  a  degree  fatal  to  the  crustaceans, 
which  die  at  35°  C.  Leiper  recommends  blowing  steam  into  the  well  till  the 
water  reaches  a  temperature  of  65°  C.  He  estimates  that  to  purify  a  well  of 
1,000  gallons  by  raising  its  temperature  from  15°  C.  to  65°  C.  would  take 
87  gallons  of  water  as  steam.  Unfortunately  even  if  a  well  is  temporarily  freed 
from  Cyclops  by  this  method,  by  employing  caustic  potash  as  recommended  by 
Alcock,  or  by  the  use  of  potassium  permanganate,  which  has  been  found  in  some 
measure  effective  by  Turkhud  in  India,  re-infestation  is  very  apt  to  occur  and 
the  only  certain  preventive  measure  is  to  cover  the  well  and  affix  a  pump. 

Taking  now  the  different  methods  of  purification  in  their  order  we  find  they 
may  be  classed  as 

1.  Physical. 

2.  Mechanical. 

3.  Chemical. 

1.  Physical.  Distillation,  though  it  may  be  relied  upon  to  free  a  water 
from  pathogenic  organisms,  is  a  costly  process  to  employ  merely  for  purification 
purposes,  unless  used  on  a  very  small  scale.  Distilled  water  requires  aeration 
as  it  is  flat  and  unpalatable. 
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Boiling.  Although  it  is  not  necessary  actually  to  boil  water  in  order  to 
ensure  the  absence  from  it  of  dangerous  non-spore-bearing  organisms,  such  as 
those  of  enterica,  dysentery,  and  cholera,  for  exposure  to  80°  C.  suffices,  yet, 
under  the  conditions  prevailing  in  the  tropics,  it  is  highly  desirable  to  bring 
suspected  or  dangerous  waters  actually  to  boiling-point.  If  reliance  is  placed 
on  lower  temperatures  a  thermometer  is  required,  and  care  needed  which  is 
not  usually  forthcoming. 

Boiled  water  has  a  flat,  mawkish  taste  and  requires  aeration.  It  can  be 
shaken  up  with  air  in  a  bottle  or  stirred  vigorously,  or  poured  through  a  sterilized 
sieve,  such  as  can  be  made  by  piercing  a  tin  with  small  holes.  If  left  exposed 
to  the  air  overnight,  with  due  precautions  against  contamination,  it  will  take 
up  sufficient  air  to  lose  its  unpalatability. 

Once  it  has  been  boiled  it  must  be  carefully  guarded  against  contamination. 
The  need  for  this  was  markedly  in  evidence  at  Basra  in  Mesopotamia.  Sterilized 
water  stored  in  open  vessels  was  there  frequently  visited  by  large  hornets, 
Vespa  orientalis ,  many  of  which  had  just  been  feeding  on  faeces  in  the  latrines. 
Hence  boiled  water  should  be  stored  in  covered  receptacles  or,  after  aeration, 
well-stoppered  bottles.  It  can  then  be  placed  in  the  ice-chest.  Water  should 
never  be  filtered  after  being  boiled. 

On  a  small  scale  temporary  hardness  is  removed  by  boiling  and,  as  hard  and 
impure  waters  are  of  frequent  occurrence  in  certain  tropical  regions,  mention 
may  here  be  made  of  the  Lawrence  Patent  Water  Softener  and  Sterilizer,  of 
which  there  are  small  plants  dealing  with  100  to  3,000  gallons  per  hour.  A  special 
system  of  boiling  is  employed  whereby  the  free  carbonic  acid,  which  holds  the 
carbonates  of  lime  and  magnesia  in  solution,  is  driven  off,  and  consequently 
these  carbonates  are  removed  from  the  water  and  deposited  in  a  solid  form. 
The  boiling  is  effected  continuously,  the  water  as  it  is  passed  through  the  apparatus 
being  heated  progressively  until  it  reaches  a  state  of  violent  ebullition.  It  is 
then  rapidly  cooled,  and  leaves  the  apparatus  only  slightly  warmer  than  when 
it  entered  it. 

The  special  features  claimed  for  this  system  are  : — 

(i)  Low  first  cost  and  low  working  expenses. 

(ii)  Absolute  rapidity  and  efficiency  of  action. 

(iii)  No  chemicals  are  used,  except  occasionally  a  little  carbonate  of  soda, 
i.  e.  when  it  is  desired  to  get  rid  of  permanent  hardness. 

(iv)  Great  simplicity  and  ease  of  working,  no  complicated  parts,  and  nothing 
to  get  out  of  order. 

(v)  The  utmost  ease  of  cleaning,  only  one-half  the  deposit  of  a  lime  process 
and  that  in  a  solid  form. 

Two  disadvantages  of  the  boiling  process  are,  that  the  water  has  to  be 
cooled  before  it  can  be  drunk,  and  that,  on  a  large  scale,  boiling  is  expensive 
unless  fuel  happens  to  be  very  plentiful  and  cheap. 

A  point  of  practical  importance  when  travelling  in  the  tropics  is  to  make 
sure  that  drinking  water  has  not  only  been  boiled,  and  thereafter  efficiently 
protected,  but  also,  wherever  possible,  to  convey  a  supply  of  such  water  from 
the  last  camp  to  the  next,  so  that  time  may  be  afforded  for  the  selection  of 
a  fresh  supply  at  the  new  camp. 

2.  Mechanical.  This  is  best  exemplified  by  filtration,  which  is  often 
combined  with  chemical  methods,  such  as  precipitation  or  chlorination.  From 
time  immemorial  filtration  has  been  employed  by  the  inhabitants  of  many 
parts  of  the  tropics.  Straining  through  cloth  or  muslin  has  still  its  uses,  and 
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is  specially  recommended  as  a  preventive  against  guinea-worm  infection. 
An  elaboration  of  the  method  for  use  in  the  field  is  seen  in  the  Da  mail  Siphon 
Filter,  devised  for  use  on  a  small  scale  and  consisting  of  a  cylindrical  wire  cage 
round  which  several  layers  of  flannel  are  wrapped.  Solid  metal  plates  close 
the  ends  of  the  cylinder,  and  from  one  of  them  a  siphon  tube  discharges.  This 
filtering  process  is  combined  with  precipitation  by  alum  or  by  aluminium 
hydroxide  and  sodium  carbonate,  in  order  to  form  a  flocculent  precipitate 
which  enmeshes  the  organisms  and  aids  the  action  of  the  flannel. 


Fig.  52.  Covered  zeer.  Fourth  Report,  Vol.  A,  1911.  Wellcome  Tropical 

Research  Laboratories,  Khartoum. 


Large  porous  earthenware  vessels  are  commonly  used  in  the  tropics  for 
clearing  muddy  water,  but  they  act  also  to  some  extent  as  bacterial  filters.  In 
the  case  of  the  Egyptian  zeer  (figs.  52  and  53),  this  action  has  been  investigated 
by  Archibald,  who  found  that,  in  order  to  get  the  best  filtering  properties  out  of 
a  zeer,  it  is  necessary  to  allow  water  to  stand  in  it  for  a  period  of  four  days  till 
a  considerable  slimy  deposit  is  formed  on  its  inner  surface,  presumably  also 
extending  into  its  pores.  The  lowest  colony  counts  in  the  filtrate  occurred 
between  the  second  and  ninth  days,  indicating  that  the  zeer  ought  to  be  cleaned 
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out  every  ten  days,  as  thereafter  the  organisms  grow  through  the  slimy  layer 
and  appear  in  numbers  in  the  filtrate. 

Various  methods  have  been  devised  for  rough  filtration  in  the  field,  most 
of  which  depend  on  the  use  of  sand,  and  in  this  connexion  the  character  of  the 
sand  grain  is  important,  for  experience  shows  that  the  spherical  grain  is  much 
inferior  as  a  filtering  agent  to  the  irregular  grain  with  sharp-cut  edges.  None 
of  the  miniature  sand  filters,  such  as  the  barrel  type,  where  one  cask  with 
a  perforated  bottom  is  placed  inside  another  and  the  interspace  filled  with 
graduated  layers  of  gravel  and  sand  from  below  upwards,  is  satisfactory  as 
a  bacterial  filter.  They  clarify  water,  they  do  not  purify  it  bacteriologically. 
If  aluminium  hydroxide  is  precipitated  upon  the  surface  of  the  sand  to  form 


Fig.  53. 


Microscopical  section  of  zeer.  x  50  diam.  Fourth  Report,  Vol.  A,  1911. 
Wellcome  Tropical  Research  Laboratories,  Khartoum. 


a  gelatinous  layer  through  which  the  water  first  passes  the  bacterial  content 
will  be  reduced,  but  this  is  a  chemical  method  superimposed  upon  filtration. 

Portable  sand  and  alum  filters  have  been  invented,  and  an  illustrated 
description  of  an  ingenious  form  will  be  found  in  Lelean’s  4  Sanitation  in  War  \ 

As  regards  filter  candles,  both  for  domestic  and  field  use,  only  the  Pasteur- 
Chamberland  and  the  Doulton  can  be  confidently  recommended.  The  work 
of  Bulloch  and  Craw  has  conclusively  shown  that  the  Berkefeld  cannot  be  relied 
upon  as  a  bacterial  filter.  The  delivery  from  such  hollow  bougie  filters,  in  which 
the  filtration  is  from  without  inwards,  is  slow,  and  they  cannot  deal  with  turbid 
waters  as  their  pores  soon  get  clogged.  If  put  under  pressure  the  delivery  is 
more  rapid,  but  their  efficiency  may  be  diminished.  They  are  easily  broken,  and 
if  merely  cracked  it  may  be  difficult  to  detect  the  fracture  without  submitting 
them  to  internal  air  pressure.  This  can  be  done  by  soaking  the  candle  in 
water  for  a  few  minutes  and  then,  by  means  of  a  rubber  tube,  connecting  its 
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open  end  with  a  bicycle  pump.  Air  is  then  pumped  into  the  immersed 
candle  until  it  is  observed  escaping  from  its  outer  surface.  If  the  candle  is 
intact  it  will  be  covered  with  fine  bubbles.  If  a  crack  or  defective  joint  is  present, 
large  bubbles  will  appear  at  the  fault.  The  joint  where  the  candle  is  attached 
to  the  metal  nozzle  is  apt  to  be  defective,  and  may  permit  unfiltered  water  to 
pass  into  the  delivery  nozzle.  Hence  it  requires  special  attention. 

These  domestic  filters  must  never  be  left  to  the  care  of  native  servants. 
It  is  necessary  that  they  be  sterilized  by  boiling  every  third  day,  as  otherwise 
bacteria  in  large  numbers  appear  in  the  filtrate.  When  blocked  by  fine  sand 
or  clay  the  candles  must  be  cleaned  with  a  loofah  or  fine  brush. 

Sedimentation  is  another  mechanical  method  of  purification  which 
merely  requires  mention.  It  is  usually  combined  with  storage,  and  the  latter 
is  a  very  efficient  means  of  purification,  as  shown  by  Houston,  provided  it  is 
properly  carried  out.  There  are,  however,  no  reliable  data  upon  the  influence 
of  storage  on  tropical  waters.  It  should  be  remembered  that  possibly  organisms 
may  not  die  in  stored  water,  but  agglutinate  and  adhere  to  the  sediment  or  to 
the  sides  of  the  storage  chamber.  This  is  a  matter  requiring  investigation  in 
the  tropics  on  the  lines  of  Coplans’  work.  In  any  case  care  should  be  taken 
when  drawing  off  stored  water  neither  to  agitate  the  bulk  of  water  nor  to  disturb 
the  sediment.  The  purifying  action  is,  of  course,  in  large  measure  a  bacterio¬ 
logical  one,  the  first  stage  in  which  is  probably  an  overcoming  of  any  pathogenic 
bacteria  which  may  be  present  by  the  saprophytes. 

3.  Chemical.  Precipitation.  Alum  is  the  agent  generally  employed,  but 
it  is  not  efficient  save  in  the  presence  of  sodium  carbonate.  In  soft  waters 
where  the  latter  is  absent  it  should  be  added  in  a  quantity  of  one  and  a  half 
grains  per  gallon.  The  reaction  between  the  alum  and  the  carbonate  results 
in  the  precipitation  of  a  gelatinous  aluminium  hydroxide  or  alumina  hydrate 
A1  (OH)3,  which  entangles  and  carries  down  with  it  suspended  matter,  including 
bacteria.  Potash  alum  is  generally  employed,  and  the  quantity  will  vary  with 
the  chemical  composition  of  the  water  to  be  treated.  In  order  to  ensure  a  good 
precipitate  the  amount  of  sodium  carbonate  added  should  be  about  one-third 
of  the  quantity  of  potash  alum  employed.  As  a  rule,  5  grains  of  potash  alum 
and  grains  of  sodium  carbonate  are  added  to  each  gallon  of  water,  but  it 
should  be  noted  that  the  question  of  dosage  and  also  that  of  a  reliable  check- 
test  have  been  recently  worked  out  by  Morison  in  connexion  with  the  water 
supply  of  Poona  ( Indian  Journal  of  Medical  Research ,  April  1916).  His  con¬ 
clusions  are  as  follows  : — 

‘  The  best  dose  of  alum  for  the  perfect  clarification  of  soft  water  is  obtained  by 
adding  half  the  equivalent  weight  of  alum  necessary  to  react  completely  with  the 
alkalinity  calculated  as  calcium  carbonate. 

For  a  hard  water  the  same  rule  holds  good  ;  but  an  equally  good  clarification  can 
be  obtained  by  the  use  of  a  smaller  dose  and  a  mechanical  filter.  A  watery  solution 
of  haematoxylin  (logwood)  gives  a  reddish  colour  when  the  correct  dose  has  been  used. 
With  doses  in  excess  or  in  defect  of  this  a  decoloration  or  a  gradation  of  shades  of 
purple  or  lavender  is  obtained  ;  this  can  be  used  for  a  colorimetric  estimation  of,  and 
hence  a  check  on,  the  dose  of  alum  actually  used.  The  clarification  obtained  by  adding 
the  optimum  dose  of  alum  is  not  affected  by  the  turbidity  of  the  water  within  the 
wide  limits  of  turbidity  found  in  the  Poona  water.’ 

When  properly  carried  out  clarification  is  complete  in  a  few  hours,  and  it 
will  be  found  that  the  micro-organisms  present  in  the  bulk  of  the  water  are 
reduced  by  95  per  cent.  Hence  this  method  is  useful  as  a  preliminary  to  a  proper 
sterilization.  The  clear  supernatant  water  should  be  siphoned  off  so  that  the 
sediment  is  not  disturbed. 
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Other  water  clarifiers  are  perchloride  of  iron,  2|  grains  per  gallon,  and  the 
fruit  of  Strychnos  potatorum ,  still  used  by  natives  in  India. 

Hard  waters  can  be  softened  by  chemical  means.  On  the  large  scale  tem¬ 
porary  hardness  is  removed  by  the  addition  of  milk  of  lime,  the  usual  quantity 
employed  being  1  oz.  of  lime  per  100  gallons  for  each  degree  of  temporary  hard¬ 
ness  in  the  water.  The  lime  combines  with  the  carbonic  acid  of  the  water, 
forming  an  insoluble  calcium  carbonate,  which  is  precipitated  along  with  the 
whole  of  the  carbonate  which  the  water  was  previously  able  to  hold  in  solution 
in  virtue  of  its  dissolved  carbonic  acid.  This  is  Clark’s  process,  and,  like  pre¬ 
cipitation  by  alum,  it  causes  a  certain  reduction  in  the  bacterial  content  of  the 
water.  Permanent  hardness  is  removed  by  adding  sodium  carbonate. 

Sterilization  of  water  by  chemicals  has  of  late  years  come  greatly  into  use, 
for  it  is  a  method  specially  applicable  in  time  of  war.  An  ideal  chemical  water 
sterilizer  must  be  cheap,  simple  to  use,  rapid  in  action,  non-poisonous,  and 
incapable  of  imparting  a  disagreeable  smell,  taste,  or  colour  to  water. 

To  give  a  chemical  sterilizer  a  fair  chance  it  is  very  necessary,  as  Lelean 
has  pointed  out,  to  remove  in  the  first  place  by  straining,  filtering,  precipitation, 
or  other  means  4  such  grosser  particles  of  infective  material  as  faecal  fragments 
or  flakes  of  dysenteric  mucus  ’.  A  considerable  number  of  substances  has  been 
employed  for  sterilizing  water,  such  as  permanganate  of  potash,  bisulphate  of 
soda,  the  halogens,  i.  e.  chlorine,  bromine  and  iodine,  and  ozone. 

Permanganate  of  potash.  Its  use  was  mentioned  when  the  purification 
of  some  of  the  sources  of  supply  was  considered.  Its  action  is  slow  and  it  is 
best  reserved  for  treating  well  waters  and  storage  water. 

Sodium  bisulphate.  This  is  effective  in  a  dose  of  15  grains  per  pint  of 
water,  the  purifying  action  being  due  to  the  liberation  of  free  sulphuric  acid. 
The  product  is  issued  in  the  form  of  tablets  flavoured  with  oil  of  lemon  and 
saccharin.  Even  in  temperate  climates  it  is  recognized  that  this  acid  sulphate 
of  soda  should  only  be  used  for  a  short  period  at  a  time,  for  if  taken  in  any 
quantity  it  is  apt  to  have  a  marked  laxative  effect.  In  the  tropics,  where 
larger  quantities  of  water  are  consumed,  and  where  it  is  usually  very  undesirable 
to  establish  a  loose  condition  of  the  bowels,  this  method  of  sterilization  must 
be  used  with  special  care,  and  indeed  reserved  for  emergencies. 

It  should  be  noted  that  the  bisulphate  forms  soluble  sulphates  with  certain 
toxic  metals.  It  can  be  safely  used  for  water  in  aluminium  water  bottles,  but 
not  in  those  made  from  alloys  containing  copper,  and  not  in  iron  bottles,  for 
in  these  a  thick  brown  sulphate  forms  which  renders  the  water  undrinkable. 
Neither  should  it  be  used  in  the  large  fantass  and  pakhal. 

Excess  lime.  This  process,  which  can  be  used  on  a  small  as  well  as  a  large 
scale,  and  which  we  owe  to  Houston,  has  much  to  commend  it,  but  hitherto 
does  not  appear  to  have  been  much  employed  in  the  tropics,  though  Accra  has 
adopted  the  method  and  an  account  of  experimental  trials  with  it  will  be  found 
in  the  Gold  Coast  Medical  and  Sanitary  Report  for  1918.  It  has  been  successful 
in  rendering  safe  and  unobjectionable  a  highly  impure  swamp  water.  Houston 
has  shown  that  in  the  case  of  soft  waters  1  part  of  quicklime  per  10,000  to  20,000  of 
water  kills  all  bacteria  in  from  five  to  twenty-four  hours.  A  hard  water  requires 
more  lime,  as  the  first  action  is  a  combination  of  the  lime  with  carbonic  acid  or 
a  precipitation  of  bicarbonates.  For  the  removal  of  the  excess  lime,  after  steriliza¬ 
tion  has  been  effected,  carbonic  acid  may  be  passed  through  the  water,  or  aeration 
effected  by  a  series  of  cascades.  The  advantages  claimed  for  the  process  are  : 

1.  The  treatment  is  innocuous. 

2.  The  water  is  rendered  absolutely  safe. 
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3.  Hard  waters  are  softened. 

4.  It  is  suitable  for  use  with  flood  waters. 

5.  It  is  applicable  to  any  water  used  as  a  public  supply. 

6.  Once  established,  the  working  expenses  are  small. 

Chlorine.  This  is  the  most  useful  of  the  halogens,  for  chlorides  have 
not  the  depressing  action  of  the  iodides  and  bromides.  Chlorine  for  water 
sterilization  is  usually  obtained  from 
bleaching  powder,  and  it  is  unfor¬ 
tunate  that  the  instability  of  the 
latter  seriously  militates  against  its 
use  as  a  water  purifier  in  the  tropics.1 
Unless,  therefore,  the  calcium  hypo¬ 
chlorite  is  obtainable  in  hermetically 
sealed  glass  tubes  such  as  are  issued 
with  the  Lyster  bag,  it  should  be 
employed  in  larger  quantity  to  make 
up  for  the  lack  of  available  chlorine. 

Over-chlorination  deliberately  per¬ 
formed  and  followed  by  dechlori¬ 
nation  with  a  solution  of  sodium 
sulphite,  the  bisulphite,  or  sulphurous 
acid  gas  entails  extra  trouble,  and 
cannot  be  considered  a  very  satis¬ 
factory  way  of  sterilizing  water,  at 
least  on  a  small  scale.  The  method 
employed  along  with  the  Lyster  bag 
(fig.  54)  may  be  given  in  detail,  as 
it  is  likely  to  be  found  suitable  for 
tropical  use.  The  following  de¬ 
scription  is  taken  from  the  Report 
of  the  Surgeon  General,  U.S.  Army, 
for  1916 

‘  An  appliance  designed  by  Maj. 

William  J.  Lyster,  Medical  Corps  .  .  . 
consists  of  a  canvas  bag  of  specially 
woven  flax,  20  inches  in  diameter  and 
28  inches  in  length,  sewn  to  a  flat  galvanized-iron  ring,  hinged  so  it  folds  at  one 
diameter.  Spliced  at  four  equi-distant  points  on  the  ring  are  two  crossed  pieces  of 
hemp  rope,  enabling  the  bag  to  be  suspended  on  any  convenient  support  capable 
of  holding  the  weight  of  the  bag  when  filled  with  water,  which  is  about  330  pounds. 
Five  nickel  spring  faucets  are  placed  at  equal  spaces  about  the  bottom  edge  of 
the  bag.  The  neck  of  these  faucets  is  small  enough  to  enter  a  canteen  which  can 
be  filled  in  10  seconds.  The  self-closing  faucets  prevent  wastage. 

The  purpose  of  the  bag  is  not  for  transporting  water,  but  to  provide  a  stationary 
receptacle  in  which  water  can  be  held  long  enough  to  sterilize  and  then  distribute  it. 
The  empty  bag  weighs  from  7  to  7|  pounds  and  folds  into  a  convenient  package  for 
carriage  in  the  field.  It  thus  can  be  carried  by  the  soldier  on  the  infantry  pack  when 
other  transportation  is  wanting. 

After  the  bag  is  suspended  and  filled  with  water,  it  is  sterilized  by  the  addition  of 
a  small  amount  of  hypochlorite  of  calcium.  This  is  carried  in  measured  doses,  sealed 
in  glass  tubes.  A  package  of  60  of  these  tubes  weighs  10  ounces  and  measures  7|  by 
3J  by  4J  inches.  Packed  in  corrugated  paper  it  will  stand  rough  usage. 

The  tubes  themselves  are  3  inches  in  length  by  three-fifths  of  an  inch  in  diameter 

1  A  method  of  preparing  on  a  small  scale  a  stable  bleaching  powder  for  use  in  hot  climates 
is  described  in  Egyptian  Water  Supplies  (p.  110).  Reports  and  Notes,  Public  Health  Labora¬ 
tories,  Cairo,  No.  3,  1920. 


Fig.  54.  Lyster  bag  for  water  sterilization. 
Wellcome  Bureau  of  Scientific  Research. 
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and  are  marked  with  a  file  enabling  them  to  be  easily  broken  in  the  fingers  without 
fragments.  They  contain  from  14  to  15  grains  of  calcium  hypochlorite.  This  chemical 
contains  from  30  to  32  per  cent  chlorine,  which  forms  in  the  water  hypochlorous  acid 
and  results  in  sterilizing  the  water.  The  process  is  one  of  oxidation.  In  the  strength 
used  waters  highly  infected  are  rendered  safe.  Of  course,  in  such  strengths  (1-500,000) 
grossly  polluted  water  such  as  sewage  will  not  be  rendered  safe.  Water  ordinarily 
used  will  be  entirely  safe  after  being  so  treated.  As  the  chemical  acts  more  efficiently 
in  clear  waters,  a  filter  cloth,  to  be  fastened  over  the  opening  of  the  bag  and  weighing 
1  ounce,  is  provided  or  water  may  be  strained  through  a  blanket.  The  bag  is  filled 
after  it  is  in  place.  Suspended  matter,  such  as  clay,  is  largely  removed  and  not  left 
to  interfere  with  the  action  of  the  chlorine. 

Comprehensive  experiments  demonstrate  the  bacteriological  efficiency  of  the 
appliance.  The  organisms  causing  typhoid  fever,  the  dysenteries,  including  amoebic 
or  tropical  dysentery,  and  ciliates  are  promptly  destroyed.  Even  in  the  vegetative 
form  amoebae  are  killed  in  15  minutes— ordinarily  5  to  10  minutes  suffices  after  the 
addition  of  the  powder  to  render  the  water  safe  to  drink.  Exposure  of  30  minutes  has 
been  found  to  destroy  all  amoebae  and  ciliates  under  most  severe  conditions  in  a  test  .  .  . 

Among  the  more  important  merits  which  the  bag  possesses  may  be  mentioned  : 

1 .  Its  portability,  thereby  making  it  adaptable  for  use  by  small  commands  segre¬ 
gated  by  necessity  from  the  main  column  of  troops. 

2.  Simplicity  of  operation,  thus  ensuring  prompt  and  efficient  service  and  a  supply 
of  potable  water,  not  raised  in  temperature,  whenever  the  demand  arises. 

3.  Availability  of  potable  water,  obviating  the  desire  to  quench  the  thirst  at 
streams,  irrigation  ditches,  etc.,  on  the  march,  since  the  canteen  is  sterilized  and  the 
filling  of  it  supervised  by  those  competent  to  determine  potable  water. 

4.  The  lessening  of  the  possibilities  for  ingesting,  through  unsterilized  water,  of 
organisms  causing  typhoid  fever,  the  dysenteries,  including  amoebic  or  tropical 
dysentery,  thus  making  for  a  minimum  sick  rate  and  for  a  greater  efficiency  among 
the  troops. 

The  hypochlorite  of  calcium  used  as  the  sterilizing  agent  in  connexion  with  the 
bag  is  put  up  in  hermetically  sealed  glass  tubes  and  the  tubes  packed  in  a  corrugated 
paper  container,  making  a  light,  portable  package,  with  little  or  no  weight  added  to 
the  pack  on  the  soldier’s  back.  The  containers  being  made  of  corrugated  paper  will 
stand  much  rough  usage  without  danger  of  breaking  the  tubes  and  robbing  them  of 
its  active  agent — chlorine.’ 

Although  the  active  agent  is  chlorine  it  is  important  to  note  that,  as  stated, 
the  purifying  action  is  one  of  oxidation,  and  is  comparable  with  what  occurs 
during  ozonization  of  water. 

Although  the  above  account  says  nothing  about  it  there  can  be  no  doubt 
that  it  is  desirable  in  this,  as  in  all  cases  where  chlorine  is  employed,  to  apply 
a  test  which  will  indicate  that  the  process  has  been  satisfactorily  performed. 
If  the  water  contains  little  organic  matter  too  much  chlorine  will  be  left  in  it. 
If  it  contains  much  organic  matter  all  the  chlorine  may  be  used  up  by  the 
latter,  and  the  sterilization  be  therefore  imperfectly  carried  out.  The  presence 
of  a  trace  of  free  chlorine  in  the  treated  water  after  half-an-hour  indicates  that 
the  water  is  safe,  and  the  test  solution  employed  consists  of  zinc  or  potassium 
iodide  and  starch.  If  a  few  drops  of  this  solution  be  added  a  blue  colour  at 
once  appears  if  free  chlorine  is  present.  If  a  mere  trace  of  chlorine  remains 
the  colour  is  a  very  pale  shade  of  blue.  If  a  Horrocks’s  apparatus,  as  issued  to 
the  Army,  is  available  the  test  can  be  carried  out  with  great  exactitude.  For 
details  of  the  special  box  and  its  method  of  use  other  works  must  be  consulted, 
such  as  the  4  Notes  for  Sanitary  Officers  1917,  issued  by  the  War  Office,  or 
one  or  other  of  the  Manuals  of  Military  Hygiene.1 

1  The  trouble  arising  from  the  so-called  ‘  iodoform  ’  taste  which  chlorination  may  impart 
to  water  can  be  obviated,  according  to  Houston,  by  the  addition  of  permanganate  of  potash. 
He  has  found  that  if  potassium  permanganate  be  added  in  a  quantity  of  2-8  lb.  per  million 
gallons  the  taste  completely  disappears  and,  further,  if  the  potassium  permanganate  is  added 
just  before,  or  at  the  same  time  as,  the  chlorine  there  is  no  development  of  the  4  iodoform  ’ 
taste.  His  laboratory  researches  have  been  confirmed  in  practice  and  further  details  will  be 
found  in  the  Thirteenth  Research  Report  of  the  Metropolitan  Water  Board,  1920. 
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The  test  solution  can  conveniently  be  prepared  as  follows  :  Take  enough 
starch  to  go  on  a  sixpence.  Rub  it  up  into  a  paste  with  cold  water.  Add  1  oz. 
of  boiling  water.  Then  dissolve  in  the  starch  solution  as  much  potassium  iodide 
as  will  lie  on  a  sixpence.  A  few  drops  of  this  reagent  give  a  definite  blue  colour 
with  water  containing  one  part  per  million  of  free  chlorine,  which  is  the  amount 
necessary  to  ensure  complete  sterilization,  at  least  in  the  case  of  the  pathogenic 
bacteria.  Chlorination  thus  effected  cannot  be  relied  upon  to  kill  schistosome 
cercarige. 

Halazone,  which  is  p-sulphondiehloraminobenzoic  acid,  has  recently  been 
introduced  as  a  reliable  disinfectant  for  small  quantities  of  water.  Like  chlori¬ 
nated  lime,  its  action  depends  on  the  liberation  of  free  chlorine. 

Fantus  has  made  a  careful  comparison  between  it  and  bleaching  powder, 
and  states  that  the  latter  is  the  more  efficient  as  well  as  the  cheaper  agent. 
The  only  advantage  which  halazone  possesses  is  that  it  can  more  readily  be 
made  into  tablets.  Its  instability  renders  it  unsuitable  for  use  in  the  tropics, 
save  for  comparatively  short  periods.  Tablets  stored  in  tightly  corked  bottles 
of  amber-coloured  glass  will  remain  efficient  for  some  time,  if  care  is  taken  to 
prevent  any  undue  exposure  to  light  and  air. 

Dunham  and  Dakin,  who  introduced  halazone,  carried  out  investigations 
on  the  stability  of  the  tablets,  and  reported  as  follows  : 

‘  Halazone  tablets  prepared  from  thoroughly  dry  materials,  using  sodium  chloride 
with  either  borax  or  sodium  carbonate  and  preserved  in  amber  bottles,  will  maintain 
their  germicidal  efficiency  at  temperatures  up  to  32°  C.  almost  unchanged  for  five 
months,  and  should  be  serviceable  for  considerably  more  than  a  year.  Prolonged 
exposure  to  temperatures  constantly  maintained  as  high  as  40°  to  50°  C.  will  reduce 
their  efficiency  by  about  one-half  in  three  months.’ 

Chloramine  T,  which  is  sodium  toluene-p-sulphochloramide,  is  stable, 
non-toxic,  non-corrosive,  and  effective  in  a  strength  of  1  :  250,000,  but 
only  when  the  contaminated  water  is  slightly  acidified.  The  necessity  of 
combining  it  with  an  acid  renders  it  impossible  to  use  it  as  a  single  tablet, 
and  hence  for  employment  on  a  small  scale  the  substance  is  not  suitable  for 
the  tropics.1 

Liquid  chlorine.  The  sterilization  of  water  supplies  on  a  somewhat 
considerable  scale  may  be  carried  out  advantageously  in  the  tropics  by  the 
use  of  liquefied  chlorine.  Nesfield  has  employed  this  method  largely  in  India, 
and  recommends  cylinders  which  contain  10  lb.  of  liquid  chlorine,  weigh  about 
20  lb.,  and  stand  3  feet  high  on  their  own  base.  Such  cylinders  can  be  easily 
transported,  and  are  said  not  to  suffer  from  corrosion.  The  usual  chlorine 
cylinder  on  the  market  contains  100  lb.  of  liquid  chlorine,  weighs  185  lb.,  and  is 
52  inches  in  height.  When  the  liquid  chlorine  is  freed  from  pressure,  chlorine 
gas  is  generated,  and  this  acts  as  the  disinfecting  agent. 

The  chief  objection  to  the  use  of  liquid  chlorine  is  the  danger  arising  from 
faulty  cylinders  and  faulty  valves,  as  if  chlorine  gas  is  released  in  enclosed 
spaces  it  has  a  toxic  action.  It  is  probable  that  chlorine  in  this  form  will  come 
much  more  into  use  than  previously  for  the  purification  of  water  supplies  in  the 
tropics.  Monfort  states  that  it  may,  with  advantage,  be  used  prior  to  filtration 
in  order  to  prevent  the  growth  of  Crenoihrix. 

Ozone.  Small  ozonizing  plants  can  be  obtained  for  household  use  and  have 

1  Hypochlorite  of  magnesium,  known  as  thalassol,  has  been  employed  as  a  water  disin¬ 
fectant  in  the  tropics  and  is  stated  by  Hoops  to  be  specially  useful  in  the  case  of  wells.  Full 
details  regarding  its  use,  however,  are  not  obtainable  and  it  would  not  appear  to  possess  any 
special  advantages  over  chlorinated  lime. 
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been  introduced  in  places  furnished  with  a  supply  of  electricity,  but  they  are 
expensive  and  at  the  present  time  need  not  be  seriously  considered  from  a 
tropical  standpoint. 


AERATED  WATER  FACTORIES. 

Nowadays  there  are  few  tropical  towns  of  any  size  which  cannot  boast  the 
presence  of  an  aerated  water  factory.  Unless  properly  constructed,  duly 
controlled,  and  regularly  inspected,  such  places  readily  become  a  source  of 
nuisance  and  danger.  The  arrangements  are  usually  primitive,  and  the  proprietor 
is  often  not  in  a  position  to  spend  much  money  on  the  premises.  Certain  points 
should,  however,  always  be  insisted  upon.  The  room  or  rooms  should  be  well 
lighted,  should  not  be  below  ground  level,  and  should  be  designed  to  exclude 
dust  as  much  as  possible.  In  many  places  it  is  necessary  that  they  should  be 
mosquito-proof,  and  they  should  always  be  protected  against  flies.  The  floor 
should  be  of  impermeable  material  and  should  be  kept  in  a  good  state  of 
repair.  It  must  be  properly  drained  and  facilities  should  be  provided  for 
washing  it  thoroughly.  It  is  an  advantage  if  the  lower  part  of  the  walls,  say 
for  four  feet  above  the  floor  level,  can  be  faced  with  a  smooth  cement.  The 
angle  which  the  walls  form  with  the  floor  should  be  rounded. 

A  supply  of  hot  water  is  very  desirable  and  in  some  tropical  countries  this 
can  be  easily  obtained,  at  least  during  part  of  the  day,  by  placing  a  metal  water 
tank  on  the  roof  exposed  to  the  sun. 

If  the  water  from  which  the  products  are  made  is  not  above  suspicion  it  is 
usually  necessary  to  insist  on  the  provision  of  filters.  These  should  be  of  the 
Pasteur-Chamberland  or  Doulton  type,  and  they  require  constant  inspection. 
Preliminary  rough  filtration  through  earthenware  jars  is  frequently  required. 
These  should  have  well-fitting  covers.  It  is  better  to  forbid  the  straining  of 
water  through  muslin  or  cheese-cloth  owing  to  the  risks  of  infection  entailed 
in  this  process. 

Storage  of  water  in  wooden  tanks  should  not  be  permitted  and  all  storage 
tanks  should  be  covered. 

The  methods  of  bottle  washing  generally  leave  much  to  be  desired.  It  is 
customary  to  have  a  tub  of  water  in  which  the  4  empties  ’  are  placed  and  to 
have  a  series  of  three  receptacles  for  washing  purposes,  the  first  two  containing 
solutions  of  permanganate  of  potash,  the  last  clean,  clear  water  for  the  final  rinse. 

Care  should  be  taken  to  see  that  the  permanganate  solutions,  which  doubtless 
help  in  some  measure,  are  of  such  a  strength  that  a  definite  pink  tinge  is  always 
present,  and  every  effort  should  be  made  to  reduce  handling  to  a  minimum  and 
to  get  special  cleaning  apparatus  introduced  (fig.  55).  It  is  a  great  advantage 
to  employ  strong  water- jets  wherever  possible. 

Bottle  brushes  should  be  washed  in  permanganate  solution  and  stored 
under  proper  hygienic  conditions. 

Dirty  corks  often  lead  to  contamination.  It  is  not  uncommon  for  small 
boys  to  collect  old  corks  from  the  streets  and  sell  them  to  the  factories,  where 
they  are  used  again  and  again,  possibly  without  being  cleansed.  Hence  it  is 
advisable  to  insist  that  only  new  corks  be  used.  The  same  applies  in  the  case 
of  rubber  rings,  but  it  is  not  so  easy  to  keep  a  check  on  them.  Indeed,  the 
form  of  bottle  which  is  closed  by  a  glass  marble  fixed  by  a  rubber  ring 
kept  in  position  by  the  pressure  of  the  gas  should  not  be  permitted  in  the 
tropics.  The  upper  surface  of  the  stopper  is  apt  to  get  very  foul,  and  when  it  is 
pushed  down,  as  in  opening  the  bottle,  there  is  a  great  risk  of  the  contents 
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of  the  latter  becoming  contaminated.  Metal  caps  like  those  used  in  the  case 
of  bottles  of  Perrier  water  are  best. 

It  must  be  remembered  that  there  is  no  evidence  to  show  that  the  carbonic 
acid  gas  contained  in  aerated  water  can  be  relied  upon  to  kill  any  pathogenic 
organisms  which  may  be  present,  except  possibly  the  cholera  vibrio,  while 
it  is  well  known  that  many  varieties  of  bacteria  flourish  in  dirty  aerated  waters, 
more  especially,  at  least  in  the  case  of  soda  water,  small  Gram-positive,  non- 
motile  bacilli  resembling  diphtheroids.  It  should  be  noted  that  living  typhoid 
bacilli  have  been  found  in  aerated  waters  eleven  days  after  manufacture. 


Fig.  55.  Useful  type  of  bottle-cleaning  apparatus.  Messrs.  Lumley  &  Co., 

The  Minories,  London,  E.C. 


A  good  precautionary  measure  would  be  to  store  all  aerated  waters  for  a  fortnight 
before  use  but,  as  a  rule,  this  is  not  practicable. 

A  watch  has  to  be  kept  on  the  syrups  and  other  flavouring  agents  employed, 
for  they  are  often  stored  under  filthy  conditions  in  old  bottles  with  any  kind  of 
stoppers.  Lastly,  the  medical  officers  should  know  something  as  regards  the 
dye-stuffs  added  to  make  coloured  drinks. 

Chassevant  gives  the  following  list  of  approximately  harmless  dye-stuffs  : 

Rose.  Eosin,  Erythrosin,  Rose  bengal. 

Red.  Bordeaux  B.  Ponceau  crystallized.  Bordeaux  S.  New  Coceine, 
Solid  Red.  Ponceau  R.  R.  Scarlet  R.  Acid  Fuchsin. 

Orange.  Orange  I,  commonly  used  in  the  manufacture  of  orangeades. 

Yellow.  Naphthol  Yellow  S.  Chrysin.  Auramin  O. 
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Subject  to  certain  rulings,  the  U.S.  Dept,  of  Agriculture  in  Food  Inspection 
Decision  No.  180,  of  1919,  permits  the  use  of  the  following  dyes  : 

‘  Red  shades,  107  ;  Amaranth  ;  36,  Ponceau,  3R  ;  517,  Erythrosin. 

Orange  shade,  85,  Orange,  1. 

Yellow  shades,  4,  Naphthol  Yellow,  S  ;  94  Tartrazin  ;  Yellow  A.  B.  (Ben- 
zeneazo-/3-naphthylamin)  Yellow  D.  B.  (Ortho-Toluenazo-/3-naphthylamin). 

Green  shade,  435,  light  green  S.F.  yellowish. 

Blue  shade,  692,  Indigo  disulfoacid. 

Sudan  I  and  butter  yellow  having  been  proved  unsatisfactory  are  no  longer 
included  in  the  list  of  permissible  dyes.5 

ICE  FACTORIES. 

The  conditions  under  which  ice  is  prepared,  handled,  and  distributed  in 
tropical  countries  are  often  highly  unsatisfactory,  though  there  is  no  evidence 
that  contaminated  ice  is  a  common  cause  of  disease.  It  is  too  much  to  expect 
that  the  elaborate  precautions  in  vogue  in  certain  American  cities,  including 
the  use  of  tongs  and  the  wearing  of  overalls  by  those  handling  the  ice,  will  be 
adopted  in  the  tropics,  except  perhaps  in  certain  large  cities,  but  a  reasonable 
amount  of  care  and  cleanliness  is  very  necessary  and  should  be  insisted  upon 
as  far  as  possible.  Indeed  recent  work  by  Bartow  at  the  University  of  Illinois 
has  shown  that  ice  may  be  regarded  as  pure,  provided  its  source  is  above  sus¬ 
picion  and  that  its  surface  is  properly  protected. 

CHAPTER  7 

SULLAGE  WATER.  ITS  COLLECTION,  REMOVAL,  AND 

DISPOSAL 

By  sullage  water  is  here  meant  all  forms  of  slop  water,  so  long  as  they  do 
not  contain  urine  ;  bath  water  and  those  other  waste  waters  which  may  be 
classed  as  domestic. 

In  practice  the  methods  of  dealing  with  such  sullage  waters  in  the  tropics 
often  present  a  more  difficult  problem  than  do  those  concerned  with  excreta 
and  urine,  though  naturally  a  great  deal  depends  on  the  quantity  to  be  handled 
and  on  local  conditions,  such  as  the  character  of  the  soil,  amount  of  waste  land 
available,  facilities  for  drainage,  danger  from  mosquitoes,  rainfall,  nature  of 
the  water  supply  and  so  forth.  A  mistake  too  commonly  made  in  the  tropics 
is  to  introduce  an  abundant  water  supply  without  making  any  provision  for 
the  proper  disposal  of  waste  waters.  Yet  it  is  clear  that  the  amplification  of 
water  supply  will,  unless  under  very  exceptional  circumstances,  lead  to  a  notable 
increase  in  the  quantity  of  sullage.  The  disposal  of  the  latter  must  in  many 
places  be  intimately  associated  with  questions  relating  to  the  collection,  removal, 
and  disposal  of  storm  waters,  and  of  water-borne  sewage.  These  latter  subjects 
are,  however,  beyond  the  scope  of  this  section,  for  they  entail  the  consideration 
of  more  or  less  extensive  engineering  operations.  The  same  is  true  as  regards 
soil  drainage,  which  can  sometimes  be  linked  up  with  methods  devised  for 
dealing  with  sullage. 

Domestic  waste  waters  have  always  more  or  less  the  same  characteristics 
and,  apart  from  any  question  of  quantity,  the  chief  difficulties  in  handling 
them  arise  from  the  presence  of  soap  and  of  grease. 

It  is  convenient  in  the  first  instance  to  consider  methods  applicable  to  camp  life , 
as  many  of  these  can  be  adapted  for  the  use  of  civil  communities  in  the  tropics. 
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Ablution  water  is  collected  from  ordinary  wash-hand  basins,  ablution 
benches,  bath-houses,  and  laundries.  In  army  camp  life  in  the  tropics  a  man 
requires  at  least  3  gallons  (13*62  litres)  of  water  a  day  for  drinking,  cooking, 
and  ablution.  If  clothes  have  to  be  washed  elsewhere  than  in  a  stream  or  other 
natural  water  collection,  at  least  another  2  gallons  (9*1  litres)  a  head  will  be 
needed.  A  certain  amount  of  this  water  is  absorbed  for  bodily  needs,  a  good 
deal  is  lost  in  cooking,  but,  roughly  speaking,  5  gallons  (22*7  litres)  per  man 
per  diem  of  sullage  water  has  to  be  got  rid  of.  The  quantity  is  much  less  in 
temporary  civilian  camps,  and  here  it  often  suffices  merely  to  throw  out  the 
contents  of  wash-hand  basins  and  canvas  baths  upon  the  surface  soil,  just 
beyond  the  camp  precincts.  If  the  soil  is  sandy  or  absorbent  and  a  sunny 
spot  be  chosen  no  nuisance  results.  ,In  large  military  and  civilian  permanent 
or  semi-permanent  camps  such  a  method  is  only  permissible  provided  the 
disposal  area  is  railed  off  to  exclude  traffic. 

No  laundry  work  should  be  carried  out  close  to  living  quarters,  and  clothes 
should,  if  possible,  be  washed  in  some  spot  where  there  are  facilities  for  the 
disposal  of  sullage  water,  i.  e.  natural  drainage  towards  a  stream.  Ablution 
benches  should  also  be  some  little  distance  from  tents,  huts,  or  bandas,  for 
otherwise  the  ground  is  apt  to  get  soaked,  and  the  soap  decomposes  and  gives 
rise  to  unpleasant  smells. 

There  is  some  evidence  that  the  continual  water-logging  of  surface  soil 
close  to  sleeping  quarters  with  untreated  ablution  water  tends  to  favour  out¬ 
breaks  of  sore  throat.  Whether  this  is  due  merely  to  damp  or  to  the  formation 
of  a  suitable  soil  nidus  for  pathogenic  micro-organisms  is  not  known,  but  the 
point  is  worth  noting.  As  a  general  rule  sullage  water,  as  Lelean  says,  must 
be  disposed  of  on  or  in  the  soil.  The  chief  trouble  about  ablution  water  is  the 
soap  it  contains.  It  is  also  frequently  rather  foul,  being  charged  with  organic 
matter,  and  so  it  requires  purification  even  when  it  can  be  discharged  into  a 
stream. 

It  is  interesting  to  note  that  at  Prestea,  a  mining  village  of  the  Gold  Coast 
Colony,  which  presents  many  of  the  features  of  a  permanent  camp,  this  is 
effected  by  running  the  soapy  water  from  the  shower-bath  over  several  flat 
cemented  surfaces,  exposing  it  to  the  sun’s  rays.  It  then  passes  into  a  main 
drain,  where  it  is  diluted  by  a  current  of  fresh  water.  It  is  said  that  no  nuisance 
is  created.  This  is  a  method  which  might  well  be  tried  elsewhere,  for  it  is 
simple,  comparatively  inexpensive,  and  apparently  effective. 

Where  the  supply  of  water  for  ablution  is  strictly  limited  Sharp  recommends 
the  following  process  of  purification,  which  enables  the  same  water  to  be  used 
over  and  over  again  for  washing  purposes. 

A  trough  carries  the  dirty  and  soapy  water  to  a  mixing-pit,  where  slaked 
lime  and  chlorinated  lime  are  added  to  it.  The  pit  is  3  feet  (-91  m.)  long, 
2  feet  (*61  m.)  wide,  and  1  foot  6  inches  (-45  m.)  in  depth.  One  large  teacupful 
of  slaked  lime  in  the  form  of  a  paste  and  half  the  same  amount  of  chlorinated 
lime,  also  in  paste  form,  are  added  every  morning.  The  same  quantity  of 
slaked  lime  is  added  during  the  forenoon  and  again  in  the  afternoon,  if  ablution 
is  proceeding. 

The  water  is  stirred  up  occasionally,  and  then  flows  into  a  larger  settling 
pit,  and  thence  through  filtration  pits  into  a  final  collecting  tank,  from  which 
the  purified  water  is  drawn  for  re-ablution. 

Between  the  settling  tank  and  the  filter  pits  canvas  screens  are  placed,  so 
that,  when  desired,  the  flow  can  be  retarded.  There  are  four  filter  pits,  arranged 
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in  pairs,  and  so  constructed  that  a  downward  and  upward  flow  is  secured.  The 
first  two  contain  broken  bricks  or  gravel,  the  second  pair  gravel  and  charcoal. 
A  charcoal  box,  with  perforated  lid  and  side,  is  placed  at  the  bottom  of  the 
collecting  tank. 

The  mixing  and  settling  pits  are  cleaned  out  once  a  week,  the  filters  once 
a  fortnight.  Ellis  uses  alum  in  a  strength  of  at  least  10  grains  (-648  grm.)  to 
the  gallon  (4*54  litres)  as  a  clarifier  for  soapy  water  in  places  where  the  ground 
available  for  absorption  is  strictly  limited  and  a  deep  well  has  to  be  sunk  to 
receive  the  final  effluent.  A  condition  of  this  kind  is  rarely  encountered  in 
the  tropics,  so  that  his  process  need  not  be  described  in  detail.  At  least  10  grains 
(•648  grm.)  of  alum  to  the  gallon  (4*54  litres)  are  necessary.  An  account  of  the 
apparatus  he  employed,  which  was  devised  to  effect  economy  in  the  use  of 
the  alum,  will  be  found  in  the  Journal  of  the  R.A.M.C.,  Vol.  XXVIII,  1917, 
p.  608  et  seq. 

Both  greasy  and  soapy  water  clog  the  interstices  of  the  soil  with  finely 
emulsified  fat.  This  undergoes  decomposition  and  produces  an  offensive  odour. 
In  addition  the  soil,  being  no  longer  absorbent,  becomes  water-logged  and 
pools  form  on  the  surface.  These  are  unsightly,  sometimes  smell  badly  and 
may  breed  mosquitoes.  Hence  it  is  necessary  to  subject  sullage  water  to  some 
kind  of  treatment  before  applying  it  to  the  soil.  Four  methods  are  in  vogue, 
namely,  Straining,  Sedimentation,  Filtration,  Chemical  Purification.  Some 
or  all  of  these  are  frequently  employed  together. 

1.  Straining  gets  rid  of  the  larger  particles  and  most  of  the  liquid  grease, 
which  congeals  on  the  strainer.  The  usual  apparatus  employed  consists  of 
a  sieve  and  a  grease  trap  or  grease  box.  The  sieve  is  easily  constructed  from 
a  perforated  tin  box  made  from  biscuit  tins.  It  should  be  removable,  and 
it  is  sometimes  an  advantage  to  place  a  layer  of  grass  or  hay  upon  it.  This 
effects,  a  preliminary  filtration  and  can  afterwards  be  burned.  The  sieve  fits 
into  the  grease  trap,  which  is  usually  in  the  form  of  a  rectangular  covered  box 
about  4  feet  (1-22  m.)  long,  2  feet  (-61  m.)  wide,  and  2  feet  (-61  m.)  deep.  It 
should  be  divided  into  two  compartments  by  a  baffle  partition  or  dip  plate 
reaching  to  within  a  few  inches  of  the  bottom  and  extending  across  the  full 
width  of  the  box.  There  is  thus  an  inlet  and  an  outlet  compartment,  the 
latter  having  an  exit  near  its  top  (fig.  56).  A  second  baffle  plate  may  be 
introduced  as  shown  in  the  illustration. 

The  box  should  be  sufficiently  large  to  contain  a  good  volume  of  liquid, 
which  cools  the  hot  and  greasy  water  passing  into  it,  and  thus  prevents  the 
melted  grease  being  swept  through  it  and  escaping  at  the  outlet.  The  scum, 
which  consists  of  solids  lighter  than  water,  collects  on  the  surface  and  should 
be  removed  at  least  twice  a  day,  while  the  box  should  be  cleaned  out  at  least 
once  a  week,  as  the  solids  heavier  than  water  deposit  at  the  bottom.  A  pit  of 
puddled  clay  may  take  the  place  of  the  box  but  is  not  so  convenient. 

The  above  is  a  very  simple  type  of  grease  trap,  and  it  is  customary  to  com¬ 
bine  it  with  filtration  through  sand  or  small  coke  breeze.  A  few  inches  of  the 
filtering  material  are  placed  at  the  bottom  of  the  box  and,  owing  to  the  presence 
of  the  baffle  plate,  the  sullage,  being  under  a  head  of  pressure,  forces  the  box 
contents  through  the  layer  under  the  partition.  The  surface  layers  of  the 
sand  or  coke  breeze  get  clogged  with  grease  and  so  must  be  periodically  removed 
and  replaced.  If  the  material  is  scarce  it  can  be  burned  and  so  purified  for 
further  use. 

The  box  is  provided  with  a  lid. 
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Fig.  56.  Sullage  disposal  system  showing  sedimentation  pit,  filters  and 
reticulation  channels,  1.  Plan.  2.  Section.  3.  Lay-out  of  channels.  Modified 
after  IMarett. 
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Ellis  introduces  a  slight  modification  in  the  form  of  a  second  baffle  plate 
of  bent  well-tarred  tin  fixed  close  to  the  outlet.  It  is  not  absolutely  necessary 
but  is  very  useful. 

2.  Sedimentation  can  be  employed  if  the  action  of  the  grease  trap  is  found 
insufficient.  The  sedimentation  chamber  should  be  large,  holding  about 
24  hours’  flow  of  sullage  water.  It  should  be  5  or  6  feet  (1-83  m.)  deep,  and 
its  length  should  be  greater  than  its  breadth,  so  that  the  sullage  may  flow  through 
it  slowly  and  time  be  thus  afforded  for  the  solid  particles  to  settle.  The  sides 
may  be  of  puddled  clay  or  some  form  of  revetment  may  be  required.  The 
outlet  is  near  the  top  of  the  distal  end  of  the  tank. 

The  force  of  the  water  entering  at  the  proximal  end  should  be  broken  by 
a  sill  or  weir  to  prevent  disturbance  of  the  water  and  so  facilitate  sedimentation, 
while  a  board  or  canvas  screen,  dipping  below  the  surface,  should  be  placed 
midway  across  the  pit  to  prevent  a  surface  flow  direct  from  inlet  to  outlet. 

3.  Filtration.  In  many  cases  it  is  necessary  to  introduce  yet  a  third  stage 
(fig.  56)  in  the  purifying  process  and  to  filter  the  effluent  from  the  sedimentation 
tank,  as  it  may  still  contain  suspended  matter.  This  is  done  by  a  filter  pit  like 
the  grease  box  already  described,  but  instead  of  sand  a  coarser  filtering  material 
may  be  employed.  If  the  pit  is  of  puddled  clay  an  earthen  partition  may  take 
the  place  of  a  baffle  plate,  a  piped  opening  through  the  bottom  of  it  forming 
the  communication  between  the  two  compartments. 

4.  Chemical  purification.  This  can  be  carried  out  according  to  Sharp’s 
method,  already  detailed,  or  bleaching  powder  alone  may  be  employed.  The 
quantity  of  chlorinated  lime  required  is  roughly  indicated  by  taking  the  specific 
gravity  of  the  sullage  water.  The  following  table  is  taken  from  the  4  Notes 
for  Sanitary  Officers  ’  issued  by  the  War  Office.  It  gives  approximately  4  the 
amount  of  chloride  of  lime  in  pounds  per  100  gallons  of  sullage  water  necessary 
to  clarify  sullage  water  of  various  specific  gravities  : 

Weight  of  chloride  oj 
Specific  gravity  of  lime  in  pounds  per 

sullage  ivater.  100  galls,  of  water. 

1  008  4 

1  006  3 

1  004  2 

1  002  1 

1001  a 

The  bleaching  powder  is  added  as  an  emulsion. 

Before  considering  how  the  final  effluent  is  best  applied  to  the  soil  it  may 
be  said  that  an  alternative  method  is  that  of  Marett,  who  uses  a  coarse  filter 
of  small  stones  or  gravel  in  place  of  the  sedimentation  tank,  while  his  third 
pit  is  also  a  filter  containing  ashes  or  fine  coke.  In  this  last  pit  there  is  an 
upward  filtration.  He  also  digs  a  ditch  round  the  area  of  the  pit  to  prevent 
rain  water  from  washing  sediment  into  it. 

Some  form  of  channel  is  required  between  the  grease  trap  and  the  sedimenta 
tion  tank,  between  the  latter  and  the  filter  pit,  and  also  between  adjacent  filter 
pits  if  there  are  two  of  them.  Drain  pipes  act  best,  but  trenches  lined  by  tin 
will  serve.  A  neat  and  serviceable  type  of  channel  can  be  made  from  bricks 
set  in  cement,  one  line  of  bricks  set  end  to  end  forming  the  bed  of  the  channel 
and  a  sloping  line  on  either  side  forming  its  walls. 

Where  the  level  of  the  subsoil  water  is  so  high  that  it  precludes  the  digging 
of  pits,  two  barrels  filled  with  filtering  material  can  be  employed.  A  pipe  from 
the  grease  trap  discharges  near  the  foot  of  the  first  barrel,  in  which  an  upward 
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filtration  of  the  sullage  water  is  effected.  The  effluent  is  then  carried  by 
a  pipe  to  the  bottom  of  the  second  barrel  and  again  an  upward  filtration  serves 
further  to  purify  the  sullage,  which  can  then  be  discharged  into  a  water  trench. 

Soakage.  Under  other  conditions  the  purified  effluent  is  applied  to  the  soil 
in  several  ways.  It  may  be  passed  into  a  soak  pit  filled  with  empty  tins  or 
rubble  like  that  used  for  urine  (see  p.  149),  or  it  may  be  employed  for  irrigation. 

In  what  is  called  surface  irrigation  or  reticulation  (fig.  56),  the  clear  effluent 
flows  along  shallow  trenches  12  to  14  inches  (35-56  cm.)  wide  laid  without  a  fall 
and  constructed  either  on  the  herring-bone  principle  or  running  parallel  along 
the  contour  lines  and  communicating  at  alternate  ends  by  short  connecting 
trenches.  If  the  latter  method  is  adopted,  the  ground  between  the  trenches 
can  be  ploughed  up  to  facilitate  absorption.  If  enough  ground  is  available 
two  sets  of  trenches  may  be  dug  so  that  one  may  rest  while  the  other  is  in 
operation. 

Sometimes  the  surface  soil  is  impermeable  while  the  subsoil  is  absorptive. 
In  such  a  case  subsoil  irrigation  is  feasible.  Agricultural  drain  pipes  may  be 
employed,  or  the  irrigation  channels  may  be  carried  down  into  the  permeable 
layers.  Tin  cans  are  placed  along  their  beds  and  the  surface  soil  replaced, 
the  effluent  percolating  into  the  subsoil. 

Sometimes  one  or  other  of  the  methods  just  detailed  can  be  utilized  in  the 
case  of  civil  communities  in  the  tropics,  as,  for  example,  where  an  area  of  ground 
is  common  to  several  houses.  If,  however,  an  ordinary  village  or  small  town 
is  under  consideration  it  will  often  be  found  difficult  to  apply  such  c  camp  ’ 
arrangements.  Information  regarding  such  areas  will  be  found  in  an  illustrated 
article  by  King  in  the  Tropical  Diseases  Bulletin,  Vol.  IV,  1914,  p.  458. 

In  the  case  of  individual  houses  possessing  anything  in  the  shape  of  a  garden 
the  problem  of  getting  rid  of  ablution  water  is,  as  a  rule,  easy,  for  it  can  be 
used  for  surface  irrigation,  provided  it  is  sufficiently  diluted  with  clean  water 
and  care  is  taken  to  prevent  the  formation  of  mosquito  breeding  places.  It  is 
better  to  avoid  collecting  it  in  pits  of  any  kind.  It  should  be  discharged  on 
a  cemented  surface  or  concrete  apron  leading  to  an  earthen  or  preferably 
a  brick-lined  channel  which  should  be  flushed  at  intervals. 

It  is  not  easy  to  deal  with  greasy  kitchen  water  in  this  way.  If  the  soil  is 
very  porous  a  soak  pit  may  answer  the  purpose,  especially  if  preliminary  screen¬ 
ing  and  filtration  are  adopted.  The  trouble  is  that  the  occupier  of  the  house 
is  usually  too  lazy  or  indifferent  to  look  after  any  such  arrangement,  while  to 
leave  it  to  native  servants  is  to  court  disaster.  If  the  quantity  of  kitchen 
sullage  is  small  it  can  be  collected  in  a  covered  cement  pit,  the  contents  of  which 
are  baled  or  pumped  out  daily  and  carried  away  by  a  tank  cart,  owned  by  the 
local  sanitary  authority.  This  cart  makes  a  daily  round  of  the  premises  and 
finally  discharges  the  sullage  water  on  the  surface  at  a  spot  far  removed  from 
dwellings  or  into  some  such  system  of  filters  as  has  been  described,  or  possibly 
into  a  stream,  provided  no  nuisance  is  thereby  created.  It  is  impossible  to  lay 
down  rules  to  suit  all  the  varying  conditions  encountered. 

In  some  tropical  towns,  notably  in  Spanish  South  America,  the  streets 
have  such  a  steep  fall  that,  provided  there  is  an  ample  water  supply  to  the 
highest  parts  of  the  town,  it  is  possible  to  have  an  open  cement  channel  in  the 
middle  of  the  street,  down  which  courses  a  constant  stream  of  clean  water. 
Into  this  the  sullage  from  the  houses  is  emptied  and  usually  finds  its  way  to 
a  river.  Though  excellent  in  theory,  such  a  practice  is  often  productive  of 
nuisance,  for  solid  matters  are  thrown  into  the  drain  and  choke  up  any  street 
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gullies  which  may  exist,  while  people  are  careless  and  splash  foul  fluids  on  the 
ground  in  the  vicinity  of  the  water  channel.  The  latter  is  also  apt  to  become 
blocked  in  part  of  its  course,  so  that  this  system,  which  is  only  adaptable  to 
certain  conditions,  requires  careful  supervision. 


CHAPTER  8 

EXCRETA  AND  REFUSE.  THEIR  COLLECTION,  REMOVAL, 

AND  DISPOSAL. 

Synopsis  :  I.  Excreta.  Collection,  p.  128  ;  Removal,  p.  165  ;  Disposal,  p.  166. 

II.  Refuse.  Collection,  p.  181  ;  Removal,  p.  182  ;  Disposal,  !p.  184. 

I.  EXCRETA. 

The  more  elaborate  methods  for  the  removal  of  sewage  by  water  carriage 
cannot  be  here  considered.  Attention  will  be  directed  chiefly  to  the  measures 
adopted  in  the  field  and  in  the  individual  dwelling,  amongst  comparatively 
small  communities. 

The  indiscriminate  scattering  of  human  ordure  on  the  surface  soil  is  distinctly 
a  more  dangerous  and  offensive  procedure  in  hot  than  in  cold  or  temperate 
countries.  For  one  thing,  the  deposits  are  much  more  likely  to  be  infected, 
whether  with  the  ova  and  larvre  of  helminths,  the  cysts  of  Entamoeba  histolytica , 
the  causative  factors  of  diarrhoea,  or  the  bacilli  of  enterica,  dysentery,  or  cholera. 
For  another,  such  virus -distributing  agents  as  flies  and  dust  are  much  more  in 
evidence,  while  the  habits  of  many  native  populations — for  example,  the  way  in 
which  they  go  about  barefoot,  their  methods  of  feeding  and  preparation  of  food, 
their  disregard  for  general  cleanliness — facilitate  the  transmission  of  disease. 
Yet  again,  in  hot,  moist  climates  at  least,  decomposition  rapidly  occurs,  and 
though  eventually  it  has  the  effect  of  rendering  the  excreta  harmless  they  become 
at  first,  if  in  any  bulk,  exceedingly  malodorous. 

The  same  is  true  in  some  respects  when  urine  is  voided  in  any  quantity  on 
the  ground,  and  hence  it  is  of  the  greatest  importance  to  prevent  soil  pollution 
in  the  tropics. 

COLLECTION. 

Latrines  without  receptacles.  So  far  as  the  individual  native  labourer  is 
concerned  the  simplest  method  is  one  as  old  as  the  days  of  Moses,  i.  e.  the  setting 
aside  of  a  certain  area  for  purposes  of  defsecation  and  providing  holes,  about 
6  inches  in  diameter  and  from  6  to  9  inches  deep,  in  the  ground  to  receive  the 
dejecta,  which  are  afterwards  covered  up  with  earth.  The  user  will  not  dig  the 
pit  himself,  unless  he  is  under  special  discipline,  so  it  is  necessary  to  provide 
a  digger,  and  he  is  best  furnished  with  a  special  spade  (fig.  57).  Its  blade  is  in 
the  form  of  a  garden  trowel,  and  is  attached  to  an  iron  shaft  having  a  metal  bar 
fitted  to  it  at  right  angles,  so  that  pressure  can  be  applied  with  the  foot.  The  pit 
is  made  by  two  movements  of  the  spade,  each  cut  making  half. 

This  method  of  what  may  be  called  a  latrine  park  has  come  a  good  deal 
into  use  in  Africa  in  connexion  with  engineering  construction  works  and  in 
places  where  natives  are  gathered  together  in  camp  for  short  periods.  The 
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following  is  a  description  of  the  arrangement  as  applied  to  construction  works 
camps  : 

4  A  place  is  marked  off  in  a  field,  conveniently  close  to  the  works — say,  not  ex¬ 
ceeding  100  yards  distant — by  means  of  four  flags.  Within  the  square  space  so  selected 
are  made  pits,  at  distances  of  three  feet  from  each  other.  These  pits  measure  six  inches 
in  diameter,  and  eight  inches  in  depth.  On  one  side  of  each  pit  is  placed  the  earth 
excavated  from  it,  and  a  piece  of  split  bamboo  two  feet  or  so  high,  having  a  small 
coloured  rag  at  the  end,  is  fixed  at  the  same  side  as  the  piled  earth.  On  the  side  nearest 
the  works  is  placed,  so  as  to  preserve  the  sitters  from  observation,  a  moveable  screen, 
which  may  be  made  of  jungle  tree  branches  intertwined  with  any  foliage  that  will 
secure  protection  from  sight.  It  is  necessary  to  retain  a  man  on  duty  on  the  site 
throughout  the  working  hours.  .  .  .  He  will  see  that  defalcation  occurs  in  the  holes 
only .  The  moment  a  person  retires,  it  is  the  attendant’s  business  to  proceed  to  the  hole 
used,  and  remove  the  split  bamboo — showing  that  the  hole  is  not  to  be  again  used— 
and  with  the  movement  of  his  foot  to  throw  the  earth,  piled  as  stated  above,  into  the 
pit.  If  the  attendant  be  too  “  nice  ”  to  do  this  himself,  there  is  no  reason  why,  without 
much  pressure,  he  should  not  be  able  to  convince  the  person  who  has  used  the  pit 
that  it  is  his  duty  to  move  the  earth  with  his  foot,  and  thus  cover  the  excreta.’ 

One  disadvantage  of  the  method  is  that,  under  certain  conditions,  the  excreta 
are  apt  to  be  deposited  partly  on  the  edge  of  the  hole.  Another  is  that  even 
though  the  contents  of  the  pits  be  covered,  the  earth  used  for  filling  in  tends 


Fig.  57.  Type  of  spade  for  Sanitary  Squad.  After  Col.  King’s  pattern. 

The  addition  of  a  metal  bar  for  the  foot  is  an  advantage. 

(at  least  in  the  case  of  liquid  stools,  and  these  in  some  cases  are  the  motions 
which  are  apt  to  be  infective)  to  become  saturated  and  so  rendered  attractive  to 
flies,  which  oviposit  on  it.  The  same  objections  may  be  urged  against  the  use  of 
narrow  shallow  trenches,  not  more  than  9  inches  wide  and  1  foot  deep,  across 
which  the  user  straddles.  Indeed  these  are  less  desirable  than  the  individual 
pits,  for  they  are  intended  to  serve  a  number  of  men,  and  so,  as  a  rule,  the  excreta 
remain  uncovered  for  a  period  quite  long  enough  to  allow  flies  not  only  to  feed 
upon  them  but  to  deposit  their  eggs  on  them. 

It  may  be  said  both  as  regards  the  pits  and  the  trenches  that  though  they 
are  undoubtedly  an  improvement  on  the  method  of  4  natural  deposit  ’  they 
present  disadvantages  and  should  only  be  employed  when  more  efficient  arrange¬ 
ments  are  not  feasible.  They  have,  of  course,  the  merits  of  simplicity  and 
economy,  but  constant  supervision  is  required. 

Where  it  is  possible  to  provide  shade  for  the  trenches  this  should  be  done,  as 
it  will  be  found  materially  to  diminish  the  fly  nuisance. 

In  Arab  countries  the  deep  fosse  is  in  common  use,  and  where  there  is  no 
danger  of  fouling  adjacent  water  supplies,  as,  for  example,  wells,  it  is  wonderful 
how  excellently  it  answers.  The  pit,  which  may  be  many  feet  in  depth,  is  often 
slightly  bottle-shaped.  Its  opening  is  usually  in  the  floor  of  a  small  apartment 
and  is  sometimes  covered  by  a  board.  It  is  generally  surrounded  by  a  raised  rim 
of  hard  earth.  The  user  squats  over  it,  no  seat  being  provided.  When  very  deep 
these  pits  last  for  years,  at  least  in  certain  kinds  of  soil.  Even  a  comparatively 
shallow  pit-closet  may  continue  in  use  for  a  long  time.  Macdonald  records  the 
case  of  a  pit-closet  in  Kingston,  Jamaica,  8  to  10  feet  deep,  6  feet  by  4  feet  in 
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section,  reasonably  cared  for,  serving  a  fair  population  and  with  a  length  of  life  of 
eleven  years.  The  relation  of  such  a  pit-closet  to  shallow  wells  supplying  drink¬ 
ing  water  is  of  course  one  of  much  importance.  It  is  said  that  in  sandy  soil  a 
distance  of  not  less  than  50  feet  should  intervene,  and  that  in  coral  limestone 
material  from  the  closet  may  possibly  travel  a  distance  of  half  a  mile  or  even  more. 

No  accurate  research,  however,  seems  to  have  been  conducted  on  this  subject.1 

In  Mesopotamia,  where  the  houses  are  frequently  several  stories  in  height, 
the  urine  and  excreta  pass  down  long  shafts  to  an  underground  chamber,  the 
contents  of  which  are  removed  at  intervals  by  special  scavengers,  belonging  to  the 
Jewish  fraternity,  who  use  the  sludge  for  agricultural  purposes.  The  black  semi- 
solid  mass,  which  they  remove  in  bags  slung  over  donkeys,  possesses  little  offen¬ 
siveness,  and  doubtless  the  chamber  acts  to  some  extent  as  a  septic  tank.  In 
certain  cases  these  fosses  smell  rather  badly,  but  they  are  not  attractive  to  flies, 
being  very  dark.  At  Mombasa  they  are  hollowed  out  of  the  coral  rock,  and, 
owing  to  the  porosity  of  the  latter,  seem  to  act  very  well,  while  the  impregnation 
of  the  rock  with  sea-brine  appears  to  keep  them  comparatively  free  from  odour. 

It  will  often  be  found  inadvisable  to  interfere  with  methods  of  this  kind. 
Unless  they  can  be  shown  to  be  a  distinct  source  of  danger  to  the  community 
they  are  best  left  alone,  unless,  indeed,  a  good  water-carriage  system  can  be 
introduced  to  suit  the  needs  of  all  classes.  The  ordinary  shallow  cess-pit  is, 
however,  an  abomination  in  the  tropics.  There  is  usually  a  funnel  or  pipe  com¬ 
municating  with  it,  and  when  it  is  full  the  contents  are  pushed  downwards  and 
a  little  water  poured  down  into  the  pit.  Its  cover  is  as  a  rule  ill  fitting,  and  mos¬ 
quitoes  gain  access  to  it.  Its  walls  are  rarely  impervious,  and  the  surrounding 
soil  gets  soaked  with  excrement.  Such  a  cess- pit  is  also  difficult  to  empty  without 
creating  a  nuisance. 

In  flat  countries,  like  British  Guiana,  where  the  subsoil  water  is  high,  the 
problem  of  a  cheap  form  of  conservancy  is  a  very  difficult  one.  Of  recent  years 
an  effort  has  been  made  there  to  get  the  villagers  to  adopt  a  pit-closet  system. 
The  pit-closet,  as  described  by  Minett,  is  built  on  as  high  ground  as  possible  to 
exclude  subsoil  water,  is  lined  with  well-puddled  clay  and  has  the  sides  well 
banked  round  with  earth  to  a  height  of  at  least  a  foot,  in  order  to  prevent  surface 
water  flooding  the  pit.  The  superstructure  is  well  ventilated  and  frequently 
whitewashed.  When  the  pit  is  nearly  full  its  contents  are  treated  with  crude  oil 
and  it  is  filled  up,  the  surface  earth  being  well  puddled. 

A  new  pit  is  then  dug  over  which  the  superstructure  is  placed. 

Such  a  system  does  away  to  some  extent  with  indiscriminate  fouling  of  the 
ground,  but  such  shallow  pits,  unless  very  carefully  supervised,  are  apt  to  become 
a  great  nuisance. 

It  is  interesting  to  note  that  the  United  States  Public  Health  Service  has 
introduced  a  more  elaborate  form  of  this  type  of  sanitary  privy  for  use  in  the  rural 
districts  of  Tennessee.  As  it  is  intended  for  Europeans  and  is  furnished  with  a  seat 
it  should  be  described  later  in  this  section,  but  it  is  convenient  to  consider  it  here. 

It  appears  to  be  fly-  and  mosquito-proof,  to  possess  a  watertight  receptacle,  to 
be  well  ventilated,  and  to  be  easily  accessible  for  cleaning.  Its  introduction 

i 

1  Since  the  above  was  written  the  results  of  important  observations  by  Kligler  in  South 
Carolina  have  appeared  in  the  Annual  Report  of  the  Rockefeller  Foundation  for  1919.  There 
the  statement  is  made  that  the  horizontal  distance  between  the  polluted  area  and  the  well 
was  found  to  be  of  relatively  slight  importance  except  where  there  are  underground  channels 
or  cracks  in  the  soil.  In  moderately  compact  clay,  sand-clay,  or  sandy  soil,  free  from  cracks, 
the  possibility  of  subsoil  pollution  of  the  ground  water  from  pits  and  septic  tanks  seems 
to  be  negligible  if  a  vertical  distance  of  at  least  10  feet  is  allowed  between  the  faecal  deposits 
and  the  ground  water  level.  The  pit  privy  is  not  considered  safe  in  limestone  regions  or  in 
soil  where  the  ground  water  level  is  near  the  surface. 
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might  therefore  be  considered  in  those  parts  of  the  tropics  where  little  money  is 
available  for  sanitary  purposes  but  where  cement  concrete  work  can  be  carried  out. 

It  consists  of  a  ventilated  closet  containing  two  seats,  each  communicating 
with  a  separate,  ventilated,  fly-proof,  water-tight  vault,  the  walls  of  which  are 
rendered  in  cement  concrete.  The  idea  is  shown  in  fig.  58. 

The  method  of  use  is  to  nail  down  one  seat-cover  and  use  one  hole  only  until 
the  compartment  is  full.  Then  nail  down  the  seat-cover  over  the  full  compart¬ 
ment  and  use  only  the  other  side  until  that  is  full.  By  this  time  the  first  com¬ 
partment  is  ready  for  cleaning.  The  excreta  having  dried  and  much  of  the  liquid 
having  evaporated,  the  contents  are  not  offensive  to  handle. 

A  little  dry  earth  should  be  thrown  in  when  the  privy  is  used,  in  order  to  help 
the  absorption  of  moisture. 

The  vault  contents  are  finally  buried  well  away  from  any  source  of  water- 
supply. 

Sometimes  it  is  impossible  to  get  natives  to  use  either  individual  pits  or 
trenches,  so  that  all  that  can  be  done  is  to  provide  a  layer  of  dry  earth  for  the 
reception  of  the  excreta,  which  immediately  after  deposit  are  covered  up  with  more 
dry  earth  by  the  attendant.  A  daily  removal  of  the  whole  of  the  earth  and 
excreta  is  instituted,  and  the  compost  is  either  buried  in  deep  pits  or  used  for 
agricultural  purposes.  If  this  system  is  properly  carried  out  in  latrines  with 
walls  constructed  of  grass,  matting,  or  mud,  roofed  over  and  divided  into  com¬ 
partments  which,  though  well  ventilated,  are  also  well  shaded,  it  may  not  be 
productive  of  much  nuisance,  but  obviously  it  is  far  from  being  ideal,  and  proper 
attendance  and  supervision  are  even  more  necessary  than  in  the  case  of  the  pits 
and  shallow  trenches. 

In  dry,  bare  desert  regions  where  the  surface  soil  is  hard  and  free  from  cracks 
and  fissures  there  is  little  objection,  provided  an  efficient  sanitary  service  is 
available,  to  marking  out  an  area  of  ground  for  latrine  purposes  and  permitting 
natives  to  ease  themselves  there  without  using  receptacles  of  any  kind.  Sweepers 
who  are  constantly  in  attendance  at  once  remove  the  deposits,  which  are  con¬ 
veyed  to  neighbouring  incinerators.  Flies  get  small  chance  of  breeding  out  if 
the  work  is  efficiently  done,  but  naturally  there  is  some  risk  that  they  may  imbibe 
infected  material.  Still,  in  practice  it  has  been  found  that  the  scheme  answers 
fairly  well,  at  least  in  the  case  of  an  Arab  population,  though  if  money  can  be 
obtained  for  a  more  hygienic  procedure  such  a  primitive  state  of  matters  is  not 
to  be  encouraged.  A  great  deal  depends  on  the  habits  and  nature  of  the  people 
who  have  to  be  catered  for,  on  the  climate,  on  the  type  of  attendant,  on  the 
provision  for  inspection,  and  on  other  factors  which  need  not  here  be  detailed. 
Even  in  the  hottest  and  driest  climates  such  as  those  of  the  Northern  Sudan 
and  Mesopotamia,  and  where  the  ground  is  hard  and  free  from  cracks,  it  is  not 
safe  to  permit  4  natural  deposits  5  of  faeces  on  the  surface  soil  in  the  hope  that 
rapid  desiccation  will  render  the  dejecta  harmless.  Apart  from  the  possibility 
of  the  transmission  of  pathogenic  bacilli  in  dust,  it  has  been  shown  that  sufficient 
moisture  remains  within  the  faecal  ‘shells 5  to  allow  of  fly  eggs  hatching  out.  The 
larvae  are  then  able  to  burrow  into  the  soil  below  the  deposits  unless  the  con¬ 
ditions  are  very  exceptional.  Having  so  burrowed,  they  proceed  to  pupation 
and  the  imagines  eventually  emerge. 

The  fly  danger  in  the  case  of  both  pits  and  trenches  can  be  obviated  to  some 
extent  by  the  free  use  of  kerosene  oil.  The  best  way  of  using  it  is  to  cover  the 
faeces  lightly  with  about  2  inches  of  earth  which  is  then  sprinkled  with  the  oil. 
The  amount  of  oil  required  varies  with  the  size  of  the  trench.  In  the  case  of 
military  trenches,  3  feet  by  1  foot  by  3  feet  deep,  three  of  which  served  100  men, 
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two-thirds  of  a  pint  (two  cigarette-tins  full)  per  trench  was  found  sufficient.  After 
the  oil  has  been  added  the  remaining  earth  is  filled  in  and  well  stamped  or  beaten 
down.  It  has  been  found  useless  to  pour  oil  on  the  surface  of  the  earth  after  a 
trench  is  closed. 

Spraying  the  trench  contents  with  arsenite  of  soda  solution  (see  p.  207)  has 
been  found  useful  in  dry  countries.  Flies  alighting  to  feed  and  oviposit  imbibe 
the  poison  and  are  destroyed. 

If  the  nature  of  the  soil  permits,  it  is  an  advantage  to  puddle  the  upper  6  or 
9  inches,  as  the  resulting  hard  crust  prevents  the  emergence  of  any  flies  which 


Fig.  59.  Temporary  shallow  trench  latrine  fly-proofed  by  means  of  planks. 
Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 


may  breed  out  in  the  trench  contents.  No  trench  should  be  used  for  a  longer 
period  than  5  days  and  all  old  trench  sites  should  be  marked. 

It  will  be  seen  that  the  army  trenches  are  three  times  as  deep  as  the  shallow 
trenches  above  mentioned.  This  is  an  improvement,  but  trenches  even  of  this 
type  are  not  very  satisfactory.  A  better  plan  altogether,  and  one  suitable  for 
troops  on  the  march,  and  sometimes  in  the  case  of  natives  under  strict  discipline, 
is  to  dig  the  trenches  4  feet  deep  and  provide  plank  covers.  The  planks,  which 
are  well  oiled  or  creosoted,  are  laid  across  the  trench  transversely  and  fit  closely 
side  by  side.  Each  has  at  its  centre  a  leather  handle  (fig.  59). 

The  user  removes  one  board  and  straddles  across  the  gap  with  his  feet  on  the 
ad  joining  boards.  The  latrine-guard  or  attendant  should  see  that,  before  leaving, 
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he  carefully  replaces  the  board  which  he  has  removed.  A  convenient  size  for 
these  boards,  which  should  be  of  f-inch  planking,  is  3  feet  4  inches  by  9  inches. 
A  trench  10  feet  long  can  be  covered  by  fourteen  boards  and  will  serve  six  men 
at  a  time.  Constant  supervision  is  necessary  to  see  that  the  system  is  properly 
carried  out.  Instead  of  the  boards  a  Lucas  cover  made  of  wood  or  sheet-iron 
may  be  used.  It  has  three  openings  in  it,  each  guarded  by  a  falling  lid,  but  is 
a  clumsy  thing  to  carry  about. 


When  the  trench  contents  have  reached  to  within  2  feet  of  the  surface  the 
same  fly- repelling  procedure  as  has  just  been  mentioned  (use  of  kerosene  oil  and 
puddling  of  surface  soil)  should  be  carried  out.  The  planks  are  easily  transported 
on  a  mule  or  donkey. 

All  these  rudimentary  types  of  latrine  are  uncomfortable  for  the  use  of  white 
men  as  no  seat  is  provided.  A  deep  open  trench  with  a  plank  or  pole  placed 
lengthwise  above  it  need  only  be  mentioned  to  be  condemned  as,  while  support 
is  provided,  so  is  every  facility  for  fly-breeding,  and  the  arrangement  is  offensive 
both  to  the  nose  and  eye. 

In  East  Africa  the  Germans  when  on  safari  used  to  employ  a  camp  stool  with 
a  double  cover  (fig.  60).  The  lower  cover  had  an  oval  opening  in  it,  the  edge 
of  which  was  bound  with  leather,  and  it  served  as  a  latrine  seat.  The  stool  was 


Fig.  60.  Adaptation  by  the  Germans  of  camp  stool  for  use  as  latrine 
seat.  The  edge  of  the  aperture  is  bound  with  leather. 
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placed  over  a  shallow  pit  and  certainly  added  to  the  comfort  of  the  user,  though 
the  wooden  legs  and  cross  bars  were  apt  to  be  fouled. 

When  not  employed  in  this  way  the  upper  flap  was  fastened  down  over  the 
aperture  and  the  lower  cover  and  the  seat  functioned  as  an  ordinary  camp  stool — 
light  and  easily  transportable.  It  would  seem  that  some  slight  modification  of 
this  ingenious  idea  might  fill  a  want  in  the  case  of  European  women  travelling 
in  out-of-the-way  localities  and  camping  in  the  open. 

Latrines  over  the  sea.  In  the  West  Indies  and  elsewhere  native  latrines 
are  not  infrequently  constructed  at  the  end  of  jetties  projecting  into  the  sea 
(fig.  61).  Provided  the  tide  does  not  wash  the  excreta  up  on  the  beach,  and 
there  is  a  clear  fall  to  the  water-surface,  the  method  is  quite  a  sanitary  one, 
especially  when  water  is  available  for  cleaning  purposes.  This  plan  has  also  been 


Fig.  61.  Latrine  built  over  the  sea,  with  water  laid  on,  St.  George’s,  Grenada,  B.W.I. 

Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 

employed  in  the  case  of  villages  situated  on  large  rivers,  but  there  is  always  a 
risk  of  persons  drawing  water  immediately  down  stream,  and,  though  under 
certain  conditions  it  might  be  permissible,  as  a  rule  it  should  not  be  countenanced 
— at  least  unless  due  precautions  are  taken  to  prevent  infection  of  drinking-water. 

Fly-proof  box  seats  placed  over  deep  trenches  have  been  largely  used  during 
the  late  war,  and  if  they  are  properly  constructed  and  constantly  kept  in  good 
repair  they  have  the  advantage  of  supplying  a  comfortable  seat  and  of  protecting 
the  trench  contents  from  flies  (fig.  62).  Frequently,  however,  they  fail  to 
exclude  these  pests,  possibly  because  the  wood  has  cracked  and  warped,  possibly 
because  knots  have  fallen  out  and  left  holes,  possibly  because  the  self-falling  lids 
have  been  wrenched  or  broken  off,  sometimes  because  users  prop  them  up  so 
that  the  apertures  in  the  seat  remain  uncovered.  The  soil  is  also  apt  to  crumble 
where  the  lower  box  edges  are  set  on  it  and  holes  may  form  through  which  flies 
gain  access  to  the  trench.  It  is  therefore  an  advantage  to  place  wooden  sleepers 
under  the  box  and  have  a  footboard  at  the  pit  edge.  As  fly  larvae  have  been 
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found  to  burrow  upwards  from  the  pit  contents  to  within  six  inches  or  so  of  the 
ground  surface  in  order  to  pupate  it  is  necessary  to  check  the  egress  of  the  adult 
fly  from  the  soil.  This  can  be  done  by  placing  a  piece  of  close-woven  canvas 
about  six  inches  below  ground  level,  extending  outwards  a  distance  of  3  feet 
from  the  pit  edge  in  every  direction  (fig.  62).  The  seats  may  be  either  single 
or  double-decker.  When  the  latter  type  is  adopted  the  usual  trench  dimensions 
are  9  feet  long,  8  feet  in  depth,  and  3  feet  6  inches  in  width.  In  the  case  of  single- 
seaters  the  trench  is  usually  made  3  feet  wide.  The  back  of  the  trench  should 
be  sloped  in  such  a  way  that  it  is  not  liable  to  be  fouled.  Trenches  dug  in 
loose  sand  require  a  sand-bag  revetment,  but  their  dimensions  should  not  be 
encroached  upon  (fig.  62). 

The  seats  should  be  oval  in  shape  and  a  sjiace  of  \  inch  should  be  left  at  the 
cover-hinges  to  allow  for  swelling  of  the  wood,  which  inevitably  follows  rain  or 
the  use  of  liquid  disinfectants.  The  lid  is  rendered  self-closing  either  by  the 
provision  of  a  4  stop  ’  or  a  strong  back-rail  of  2-inch  by  4-inch  material.  The 
latter  is  better  as  the  wooden  blocks  forming  the  ‘  stops  ’  are  easily  broken  off. 
If  they  are  employed  it  is  essential  that  they  should  be  high  enough,  as  otherwise 
they  serve  as  levers  and  force  the  hinges  off  the  covers.  The  latter,  of  course, 
usually  rest  against  the  backs  of  the  users,  but  soldiers  frequently  take  the  oppor¬ 
tunity  of  lousing  themselves  when  visiting  the  latrine,  and  as  they  then  bear  back 
heavily  against  the  lids  these  must  be  strong,  otherwise  they  crack  and  afford 
access  to  flies.  The  main  cover  in  which  the  seats  are  cut  may  be  hinged  so  that 
it  can  be  lifted  up,  the  under  surface  well  oiled,  and,  if  desired,  dry  earth  or  a 
disinfectant  like  cresol  added. 

In  the  American  army  a  mixture  of  lamp-  or  bone-black  in  crude  oil,  1  pound 
to  3  gallons,  is  employed  for  this  purpose,  and  is  also  sprayed  by  a  spray-pump 
upon  the  pit  contents.  In  addition,  the  sides  of  the  latrine  are  sprinkled  with 
the  mixture  once  every  week  or  ten  days.  The  lamp-  or  bone-black  must  be 
as  fine  as  flour  in  order  to  pass  through  the  spray  apertures,  and  the  mixture 
must  be  stirred  constantly  while  being  pumped  and  sprayed,  or  mixed  and 
heated  and  passed  through  a  fine  mesh  sieve. 

The  following  is  the  general  description  of  the  box  seat  supplied  by  Havard, 
who  was  its  inventor  : 

4  The  latrine  box  is  10  feet  6  inches  long,  16  inches  high,  and  3  feet  8  inches  wide 
at  bottom  so  as  to  cover  safely  a  pit  3  feet  wide.  The  sides  or  walls  have  an  inward 
slant  of  4  inches  and  are  locked  together  by  the  end  pieces  and  two  traverses.  The 
top  consists  of  two  longitudinal  halves,  simply  laid  on  and  kept  from  slipping  by 
blocks  ;  each  21  inches  wide,  projecting  2  inches  beyond  the  side,  and  perforated  by 
three  holes  which  alternate  with  those  of  the  other  half.  Each  hole,  11  inches  long, 
is  covered  with  a  strong  hinged  lid  which  can  only  be  raised  to  an  angle  of  45  degrees, 
so  that  it  is  self  closing  and  prevents  standing  on  the  edge  of  the  box. 

Each  box  consists  of  eight  pieces  perfectly  interchangeable  with  those  of  any 
other  box,  and  weighs  175  pounds.  It  can  be  put  together  without  screw,  bolt  or  hook, 
or  taken  apart,  by  one  or  two  men  in  a  few  minutes.  To  disinfect  the  pit,  the  attendants 
lift  the  half  of  the  top  nearest  to  the  earth  pile  and  shift  it  over  the  other  half,  thus 
uncovering  the  pit  and  obtaining  a  good  view  of  the  contents.  One  pit  10  feet  long 
covered  with  this  box  will  do  a  company  for  a  week  ;  if  the  stay  is  to  be  longer,  the 
pit  should  be  of  the  standard  length  of  20  feet  and  two  boxes  used,  end  to  end. 

For  urinals,  tubs,  cans,  or  boxes  must  be  provided,  one  at  each  end,  with  a  pipe, 
gutter,  or  trench  leading  into  the  pit.’ 

Holes  and  cracks  in  the  wood  of  the  box-seat  should  be  plugged  by  the  rough 
canvas  called  burlap  or  by  means  of  tow  and  putty. 

Corrugated  or  galvanized  iron  may  with  advantage  be  substituted  for  wood 
in  the  construction  of  the  sides  and  ends  of  the  box  (fig.  63)  but  care  must  be 
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Fig.  62.  Deep  trench  fly-proof  latrine.  Lelean’s  Sanitation  in  War. 


138 


MINOR  TROPICAL  SANITATION 


taken  where  sheets  join  that  no  apertures  are  left.  The  wooden  frame  supporting 
the  metal  sheets  should  be  outside  them  so  that  there  are  no  projections  inside 
the  box  on  which  excreta  may  lodge.  In  certain  places  it  is  possible  to  build  the 
sides  and  ends  of  mud  or  mud -bricks  and  set  a  cover  over  them,  taking  care  that 
it  fits  closely  all  round.  Sand-bags  can  also  be  employed.  A  strip  of  tin  or 
galvanized  iron,  to  serve  as  a  urine  shield  (fig.  62),  should  be  so  fixed  inside  the 
box  that  it  will  direct  the  urine  into  the  trench  and  prevent  soakage  of  the  planks 
or  foot-boards.  When  the  available  ground  is  limited,  and  it  can  be  managed, 
the  box-seat  may  be  removed  daily,  the  pit  filled  with  combustible  material 
such  as  straw  or  grass,  a  gallon  or  two  of  oil  added  and  the  contents  destroyed  by 
fire.  The  removal  of  the  box-seat  is  much  facilitated  by  the  provision  of  remov- 


Fig.  63.  Fly-proof  and  wind-proof  box  seat  latrine  partly  made 

of  corrugated  iron. 

able  handles  in  the  shape  of  transverse  bars  at  either  end.  They  project  on  each 
side  beyond  the  edges  of  the  box. 

A  modification  of  the  box-seat  type,  and  one  which  has  much  to  commend 
it,  was  introduced  during  the  late  war,  more  especially  in  East  Africa.  At 
intervals  over  a  long,  deep  trench,  supported  on  iron  rails,  and  provided  with 
rim-seats  and  covers,  or  enclosed  in  little  box-seats  with  self-closing  lids,  is  set 
a  number  of  petrol  drums  which  serve  as  pedestal  shafts  to  the  trench  (fig.  64). 
The  latter  is  roofed  in  elsewhere  by  timber  and  matting  or  corrugated  iron  and 
covered  by  beaten-down  earth.  Such  a  system  certainly  lessens  the  risk  of  fly 
infection,  which  can  further  be  diminished  by  making  use  of  the  smoke-box. 
This  is  a  small  brazier,  perforated  kerosene  tin,  or  similar  receptacle,  which  is 
filled  with  leaves,  wood,  and  other  combustible  material  which  when  lighted  will 
give  off  a  good  volume  of  pungent  smoke  (fig.  65).  The  smouldering  mass  is 
lowered  by  means  of  a  chain  into  the  pit  through  one  of  the  pedestal  shafts.1  At 

1  A  recent  modification  of  the  smoke  latrine  or  fuming  pit,  as  it  is  also  called,  lias  been 
introduced  by  Stokes  ( Journ .  Hoy.  Army  Med.  Corps,  Vol.  XXXV,  November  1920,  p.  403).  In 
this  form  the  smoke  is  generated  in  a  special  pit  alongside  the  latrine  trench  and  there  is  a  smoke 
flue  connecting  the  pit  and  the  trench.  A  similar  type  has  recently  been  introduced  in  the 
Belgian  Congo. 
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Fig.  64.  Deep  trench  latrine  with  pedestal  fly-proof  seats,  showing  method 
of  fixing  cylinder  over  trench.  Wellcome  Bureau  of  Scientific  Research. 
(Copyright.) 


Fig.  65.  Smoke  latrine,  method  of  Dr.  Peter. 
A  cresol  or  petrol  drum  may  conveniently  take  the 
place  of  the  cement  barrel  shown  in  the  section. 
They  are  much  better  than  the  wooden  case  indicated 
in  the  drawing. 
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its  upper  end  the  chain  is  attached  to  a  cap  or  cover  which  fits  over  the  rim  of 
the  pedestal  shaft  and  prevents  the  egress  of  fumes.  All  the  other  openings  are 
of  course  closed.  This  smoking  of  the  latrine  must  be  carried  out  at  least  twice 
a  day  and  be  properly  and  thoroughly  performed  if  it  is  to  be  effective. 

An  American  type  of  trench  latrine  cover  is  that  designed  by  Mcllroy  and 
constructed  of  metal  (see  chap.  84). 

In  the  case  of  natives  one  can  dispense  with  the  seats  in  this  type  of  covered- 
in  trench  and  adopt  an  arrangement  whereby  cemented  foot-rests  are  provided 
for  the  squatting  user  and  a  falling  lid  furnished  for  each  opening  into  the  pit. 
As  an  alternative  a  piece  of  sacking  can  be  used  as  a  cover.  A  still  simpler 
arrangement  is  shown  in  fig.  66,  where  a  raised  rim  of  puddled  clay  serves  as 
a  seat.  Some  Central  African  natives  will  readily  use  this  kind  of  latrine. 


Fig.  66.  Form  of  deep  trench  latrine  adapted  for  native  use  in  East  Africa. 

Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 

In  all  cases  where  a  deep  trench  system  is  adopted,  care  should  be  taken  to 
see  that  there  is  no  risk  of  the  drainage  from  the  pit  contaminating  neighbouring 
water  supplies.  Some  recommend  the  introduction  of  a  ventilating  pipe  in  the 
case  of  all  deep  latrines,  but  its  utility  is  questionable. 

In  places  where  the  level  of  the  subsoil  water  is  high,  deep  trenches  cannot 
be  employed.  An  interesting  development,  however,  is  seen  in  British  Guiana 
and  in  the  Fiji  Islands,  where  the  large  drain  trenches  which  drain  the  sugar 
estates  are  utilized  to  carry  away  excreta.  In  the  Fiji  Islands  the  installation  is 
quite  elaborate,  as  a  concrete  drain  about  a  foot  deep  and  a  foot  wide,  down 
which  water  is  constantly  flowing,  runs  along  the  floor  of  the  latrine  building. 
The  user  merely  squats  over  the  drain  and  the  water  carries  the  excreta  to  a 
septic  tank. 

In  British  Guiana  the  latrines,  which  are  simple  structures,  are  built  over 
the  small  lateral  drains  of  the  larger  irrigation  trenches.  The  sides  of  these 


EXCRETA 


141 


should  be  clean  cut  and  as  nearly  perpendicular  as  possible.  They  should  be 
kept  quite  free  from  weeds  and  other  vegetation.  It  is  an  advantage  if  the 
small  drains  can  be  flushed.  It  is  found  that  the  East  Indian  coolies  use  the 
latrines  freely.  The  excreta  eventually  reach  the  sea,  the  outlets  of  the  trenches 
being  controlled  by  tide  gates,  which  are  opened  daily  so  that  the  trenches  are 
emptied  every  day,  being  afterwards  refilled.  In  this  way  an  efficient  flushing 
is  secured.  This  method  is  really  a  simple  kind  of  open  water-carriage  system, 
and  has  been  found  satisfactory  in  practice,  so  far  as  getting  rid  of  the  excreta 
goes,  but  it  is  at  least  doubtful  if  it  is  advisable  in  a  country  where  ankylo¬ 
stomiasis  is  prevalent,  since  we  know  that  moisture  favours  the  development 
of  ankylostomes.  It  would  certainly  seem  to  require  investigation  from  this 


Fig.  67.  The  s.s.  Usoga,  showing  latrine  arrangement  for  native  troops. 


standpoint,  though  the  only  risk  would  appear  to  be  from  infected  excreta 
lodging  on  the  banks. 

Fig.  67  shows  a  type  of  latrine  for  native  soldiery  employed  on  Government 
transports  plying  upon  Victoria  Nyanza.  It  consists  simply  of  a  screened  frame¬ 
work  projecting  from  the  side  of  the  vessel  and  effectually  prevents  fouling  of 
the  latter. 

As  a  rule,  save  at  stations,  little  or  no  provision  is  made  in  tropical  countries  for 
natives  travelling  by  railway  train.  As  a  result  it  is  a  common  sight  when¬ 
ever  the  train  stops  between  stations  for  a  few  minutes  to  see  third  and  fourth 
class  passengers  easing  themselves  in  the  open.  In  some  instances  pedestal 
shafts  are  provided  in  the  vans  or  carriages,  as  in  the  case  of  hospital  trains  for 
sick  carriers  in  British  East  Africa.  As  a  result  the  railway  track  becomes 
heavily  fouled  with  excreta  which  are  often  of  a  dangerous  nature.  To  some 
extent  this  also  obtains  in  the  case  of  European  travellers.  It  is  true  that  in 
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Europe  and  America  matters  are  still  in  a  primitive  state  in  this  respect,  but  the 
danger  is  greater  in  the  tropics,  and  there  can  be  no  doubt  that  excreta  and  urine 
should  not  be  discharged  promiscuously  on  the  railway  track.  It  is,  however, 
difficult  to  suggest  a  remedy  which  will  not  entail  considerable  reconstruction  of 
railway  trains  and  heavy  expense,  though  attention  may  be  directed  to  Frank’s 
design  of  a  sterilizing  tank.  S ee  Tropical  Diseases  Bulletin,  Vol.  VI,  1915.  A 
mere  collection  method  on  the  trains  with  disposal  at  certain  stopping-places  is 
not  a  desirable  solution,  save  perhaps  in  the  case  of  sick  natives. 

The  best  way  of  dealing  with  the  first-mentioned  nuisance  is  to  erect  incinera¬ 
tors  wherever  possible  at  temporary  halting-places  and  have  sweepers  in  atten¬ 
dance  whose  duty  it  will  be  to  clean  the  ground.  Doubtless  in  some  countries 
such  a  method  is  not  feasible,  but  in  dry  and  desert  districts  it  can  easily  be  carried 
out  and  would  undoubtedly  be  a  step  in  the  right  direction.  It  is  especially  in 
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Fig.  68.  Durbar  pattern  latrine  (Indian)  for  separating  urine  from  faeces. 

Lelean’s  Sanitation  in  War. 


these  countries  that  danger  is  to  be  apprehended  owing  to  infected  dust  being 
blown  into  food  and  drink,  and  the  presence  of  large  numbers  of  infected  flies. 

Latrines  with  receptacles.  The  simplest  form  of  receptacle  is  probably 
that  represented  by  half  a  petrol  can  or  biscuit  tin.  Two  such  receptacles 
are  usually  employed  placed  end  to  end,  the  one  to  receive  the  urine,  the  other 
the  faeces.  It  is  an  advantage  if  one  tin  has  a  flap  which  can  be  lapped  over  the 
edge  of  the  other  tin  (fig.  68).  This  serves  to  keep  them  in  their  respective 
positions  and  prevents  fouling  of  the  soil  between  the  tins. 

In  the  rearmost  tin  grass  or  leaves  are  placed  and  it  is  important  to  have  an 
attendant  always  on  the  spot  to  see  that  this  is  done,  for  the  user  will  rarely  take 
the  trouble  to  do  so  even  when  the  material  is  placed  convenient  to  his  reach. 
The  call  to  stool  may  also  be  so  urgent  that  he  has  no  time  to  attend  to  such  a 
detail.  As  a  system  of  this  kind  is  always  associated  with  incineration  it  should 
be  the  duty  of  the  man  who  feeds  the  incinerator  to  see  that  the  receptacles 
are  properly  lined. 

A  more  elaborate  arrangement  of  the  tins  will  be  found  in  the  Macpherson 
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system,  but  it  is  scarcely  suitable  for  native  use.  In  place  of  the  half  tins  single 
receptacles  may  be  used  which  receive  both  urine  and  faeces.  Thus  the  large 
iron  cups  employed  by  engineers  for  holding  earth  may  be  used,  and  this 
method  has  the  advantage  that  the  cup  when  full  can  be  seized  by  tongs  and 
thrust  into  the  flame.  In  this  way  the  contents  are  consumed  and  the  receptacle 
sterilized  at  one  and  the  same  time.  A  good  fire  is,  of  course,  a  necessity  in 
this  case  (fig.  69). 

In  China  women  and  children  use  earthenware  pots  kept  in  a  special  part 
of  the  house.  Their  contents  are  removed  periodically,  but  naturally  such  a 
method  is  apt  to  be  offensive  and  dangerous. 

Whatever  kind  of  receptacle  is  employed,  it  should  not  be  placed  in  a  hollow 
in  the  ground,  but  should  be  set  upon  the  surface.  Where  it  can  be  managed 


Fig.  69.  Method  of  incineration  using  metal  receptacles  for  excreta.  These  receptacles 
are  held  by  tongs  and  plunged  with  their  contents  into  the  fire. 


a  cemented  surface  should  be  provided,  as  this  lessens  the  chance  of  soil  con¬ 
tamination.  It  is  an  advantage  to  flank  the  receptacle  by  raised  foot-rests 
made  of  sun-dried  mud  or,  better,  of  cement  concrete  or  bricks  set  in  cement. 

Flies,  and,  in  a  place  like  Basra,  the  black  and  yellow  hornet  ( Vespa  orientalis), 
are  best  excluded  from  primitive  latrines  of  this  type  by  ensuring  that  the  pan 
contents  are  always  in  the  shade.  Contrary  to  a  prevalent  belief,  sunned  faeces 
are  by  no  means  safe  faeces.  On  the  contrary,  excreta  on  which  the  sun  plays 
are  those  to  which  flies  flock  and  on  which  they  feed.  A  roof  of  some  kind  is 
therefore  a  necessity  even  in  these  simple  latrines.  In  any  case  it  is  required 
in  countries  where  rain  occurs. 

The  ideal  system  is,  of  course,  to  have  the  tins  removed  from  the  latrine 
as  soon  as  they  are  filled,  and  the  contents  at  once  buried  or  incinerated  according 
to  the  method  of  disposal  in  vogue.  Where,  however,  shortage  of  sweeper 
personnel  renders  this  difficult,  the  arrangement  shown  in  fig.  70  may  be 
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adopted.  Two  metal  hoops  like  croquet  hoops,  but  larger,  are  placed  one  behind 
and  one  in  front  of  the  double  tins.  A  long  piece  of  sacking,  which  may  be 
soaked  in  cresol  or  arsenite  of  soda,  is  attached  by  one  end  to  the  posterioi  hoop  , 
the  other  or  free  end,  in  which  a  piece  of  wire  serves  as  a  handle,  is  hooked 
up  to  the  latrine  wall.  The  user,  after  easing  himself,  detaches  the  sacking 
from  the  wall  and  lets  it  fall  over  the  tins,  which  it  shrouds  like  a  curtain,  but, 
being  supported  by  the  hoops,  does  not  touch.  It  has  been  found  that  this 


Fig.  70.  Method  of  rendering  Indian  latrine  fly-proof.  Wellcome  Bureau 

of  Scientific  Research.  (Copyright.) 


method  overcomes  the  difficulty  caused  by  the  racial  and  religious  prejudice 
of  many  Indian  soldiers  as  regards  touching  anything  unclean.  At  the  same 
time  it  is  well  to  remember  that  4  out  of  sight  5  is  apt  to  be  4  out  of  mind 
hence  this  scheme  should  be  employed  only  to  meet  a  special  emergency. 

Scroggie  has  devised  a  fly-proof  latrine  seat  for  Indians,  an  account  of  which 
is  given  in  the  Indian  Medical  Gazette,  Oct.  1919. 

Lavage  pits.  Mohammedans  employ  lavage  or  4  abdust  ’,  as  it  is  called  in 
certain  parts  of  India.  Hence  in  the  case  of  primitive  latrines  it  is  necessary 
to  make  sanitary  provision  for  this  custom,  which  in  itself  is  highly  commendable. 
A  simple  yet  efficient  design  is  seen  in  fig.  71.  A  square  pit  is  dug  and  filled 
nearly  to  the  surface  with  tins  or  rubble.  It  is  then  covered  over,  but  an 
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aperture  is  left  on  each  of  its  four  sides.  Sloping  channels,  lined  with  tin,  lead 
to  these  holes,  and  the  Moslem,  straddling  across  the  channel,  performs  his 
ritual  without  fouling  the  surface  soil. 

The  Macpherson  system  already  mentioned  is  intended  for  European  troops 
and  is  combined  with  incineration.  The  tins  are  lined  with  paper  and  the 
user  is  expected  to  gather  up  the  dejecta  in  the  paper  and  consign  the  parcel 
to  the  improvised  incinerator.  So  long  as  there  is  adequate  supervision  the 


Fig.  71.  Good  type  of  covered  lavage  pit  for  the  use  of  Indians. 
Note  channels,  which  are  lined  with  tin. 


system  may  be  successful,  but  in  practice  it  has  not  proved  very  desirable, 
and  probably  the  majority  of  field  sanitarians  would  now  condemn  it. 

The  provision  of  a  seat  marks  a  stage  in  advance.  The  less  seat  the  better  is 
a  good  maxim  in  the  case  of  latrines  intended  for  natives.  It  can  often  be  reduced 
merely  to  a  couple  of  foot  rests  to  afford  the  user  support  when  squatting. 
This  type  was  seen  in  the  portable  fly-proof  latrine  devised  to  serve  the 
needs  of  the  men  of  the  Egyptian  Labour  Corps.  Here  a  wooden  rim  with  foot¬ 
rests  was  fixed  on  the  top  of  a  galvanized  iron  box.  A  sliding  cover,  preferably 
made  of  tin  or,  better,  a  falling  lid,  helped  to  keep  the  receptacle  fly-proof.  The 
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box  had  removable  wooden  handles,  and  could  be  detached  from  the  wooden 
rim.  The  contents  could  then  be  poured  into  a  pit  and  buried  or  consigned 
to  the  incinerator.  Where  kerosene  tins  are  used  as  receptacles  a  seat  can  be 
fashioned  from  a  biscuit  box  which  surrounds  the  tin,  and  which  is  furnished 
with  a  falling  lid.  A  much  better  device  is  the  sliding  or  drawer  petrol- 
can,  fig.  72.  It  fits  close  under  the  seat  and  cannot  get  out  of  place  ;  it  hangs 
suspended,  and  so  the  bottom  of  the  tin  does  not  get  worn  away,  and  there  are 


Fig.  72.  Sliding  or  drawer  petrol-can  type  of  fly-proof  latrine.  The  seat  cover 
on  the  right  is  badly  arranged  ;  it  falls  back  too  far  to  be  self-closing. 

handles  which  prevent  the  sweeper  from  fouling  his  hands.  As  will  be  seen, 
a  whole  tin  can  be  employed  suspended  vertically,  or  the  tin  can  be  cut  and 
fastened  to  the  runners  with  its  long  axis  horizontal. 

This  method  would  be  improved  if  the  grooves  and  runners  were  of  metal,  an 
amendment  which  might  be  adopted  under  the  conditions  governing  civilian 
life. 

An  oil  drum  forms  a  very  good  receptacle,  and  can  be  easily  provided  with 
a  wooden  seat  and  falling  lid.  It  is  advisable  to  ensure  stability  so  that  the 
seat  does  not  rock  on  the  drum  with  the  movement  of  the  user.  This  seems 
a  small  matter  but  is  important  in  practice,  and  the  desired  stability  is  best 
secured  by  means  of  stout  lateral  wooden  straps  attaching  the  seat  to  the 
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framework  of  the  latrine  as  shown  in  fig.  73,  where,  however,  a  bucket  takes 
the  place  of  an  oil  drum. 

In  this  instance  the  seat  rests  directly  on  the  top  of  the  pail,  an  arrangement 
applicable  only  when  the  latter  is  flat-topped,  but  highly  desirable,  for  one  of 
the  common  faults  in  latrine  systems  is  the  gap  left  between  the  top  of  the  re¬ 
ceptacle  and  the  under-surface  of  the  seat.  As  a  result  urine  frequently  finds 
its  way  not  into  the  pail  but  on  to  the  ground  in  front  of  it,  and  in  very  faulty 
cases  the  posterior  edge  and  the  side  of  the  bucket  may  get  fouled  by  excreta, 
especially  if  no  stop  is  provided  to  ensure  that  the  receptacle  is  placed  in  its 
proper  position  below  the  opening  in  the  seat.  Such  a  stop,  which  may  be 
fixed  on  the  floor  of  the  latrine,  or 
may  be  provided  by  the  seat  itself, 
is  very  essential.  Fig.  74  shows  a 
very  good  fly-proof  seat  for  flat- 
topped  buckets  with  a  simple  method 
for  the  removal  of  the  pail. 

If  the  individual  pails  are  taken 
to  the  incinerator  or  the  disposal 
pit,  there  can  be  no  doubt  that  they 
should  be  covered  during  transit, 
even  if  the  distance  is  short.  It  is 
no  use  carefully  guarding  the  bucket 
contents  against  the  access  of  flies 
in  the  latrine  itself  if,  immediately 
outside  it,  they  are  exposed  to  the 
attentions  of  these  insects. 

Clamp  covers  of  some  kind  should 
be  provided  like  those  mentioned  in 
connexion  with  communal  conser¬ 
vancy  (p.  154). 

Sometimes  it  may  be  possible  to 
transfer  the  separate  pail  contents  to 
one  large  covered  receptacle  which, 
when  full,  is  removed.  Great  care 
has  to  be  exercised  that  a  nuisance 
is  not  thereby  created,  and  facilities 
must  be  provided  for  proper  cleans¬ 
ing  of  the  pails  after  emptying.  Such 
an  arrangement  is  only  employed  in 
places  where  the  excreta  are  pitted.  Buckets  and  such  receptacles  as  petrol 
drums  and  cans  may  with  advantage  be  wiped  on  the  inside  with  heavy  oil  and 
a  small  quantity  of  cresol  solution  ( ounce  to  a  gallon  of  water)  placed  in  them. 

Where  incineration  is  in  vogue  it  is  sometimes  desirable,  as  has  already 
been  indicated,  p.  142,  to  separate  the  urine  from  the  faeces.  This  is  not  nearly 
so  necessary  in  hot  as  in  temperate  or  cold  climates,  for  the  quantity  of  urine 
to  be  dealt  with  is  not  as  a  rule  large.  At  the  same  time,  in  some  parts  of  the 
tropical  world  during  the  cold  season  the  amount  of  urine  does  present  a 
difficulty.  To  meet  it  a  double  pail,  fig.  75,  on  the  principle  of  a  colander 
may  be  employed,  the  urine  draining  through  the  holes  in  the  bottom  of  the 
inner  bucket,  which  is  then  lifted  out  and  taken  to  the  incinerator.  Sometimes 
pressure  is  applied  to  the  pail  contents  and  the  liquid  poured  off  into  a  special 


Fig.  73.  Fly-proof  latrine  bucket, 
showing  method  of  rendering  seat  rigid. 
Wellcome  Bureau  of  Scientific  Research. 
(Copyright.) 
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urine  pit,  sometimes  solids  and  liquid  are  altogether  separated  as  in  the  case 
where  the  urine  passed  during  defecation  is  received  by  a  metal  gutter  set  on 
a  slope  at  a  convenient  height  in  front  of  the  fecal  receptacles.  It  flows 
along  this  gutter  to  a  soak-pit.  Yet  another  device  for  this  purpose  is  the 
Mackenzie  pattern  latrine,  where  the  bottom  half  of  a  5-gallon  cresol 


drum  is  slung  by  means  of  wire  inside  a  larger  6-gallon  drum  of  the  type  used 
for  holding  lubricating  oil  or  chloride  of  lime.  The  inner  receptacle  is  bent 
or  dented  in  front  to  such  an  extent  that  urine  trickles  down  the  groove  so 
formed  and  drips  into  the  outer  drum.  The  bottom  of  the  cresol  drum  is 
perforated  as  an  additional  aid  to  the  process. 

The  whole  apparatus  is  cased  in  wood  and  a  falling  lid  provided.  There 
should  be  two  inner  receptacles  for  each  seat  in  the  latrine,  so  that  when  one 
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is  removed  to  the  incinerator  the  other  can  be  slung  in  its  place.  The  slinging 
is  effected  by  notching  the  sides  of  the  outer  drum  and  hooking  in  these  notches 
the  handles  of  the  wire  supporting  the  inner  receptacle.  A  simple  funnel- 
pattern  latrine  for  separation  and  disposal  of  liquids  is  shown  in  fig.  76. 

In  the  case  of  Europeans,  whatever  type  of  latrine  is  adopted  it  is  important 
to  see  that  toilet  paper  is  provided.  The  paper  should  be  in  a  covered  box, 
or  at  least  in  some  receptacle  where  it  will  not  get  coated  with  dust,  for  the 
latter  may  be  infective.  Moreover,  it  should  be  so  placed  that  it  is  convenient 
to  the  hand  of  the  user  when  seated  on  the  latrine.  This  little  point  is  often 
forgotten  in  camp  sanitation,  and  as  a  result,  unhygienic  conditions  are  favoured. 

So  far  we  have  been  considering  more  or  less  primitive  methods  suited  to 
camp  life,  and,  before  proceeding  further,  something  may  be  said  about  latrine 
buildings,  and  then  the  question 
of  the  collection  and  disposal  of 
urine  under  similar  conditions 
may  be  discussed. 

The  material  of  which  tem¬ 
porary  LATRINE  BUILDINGS  are 
constructed  will  vary  in  different 
places,  and  will  usually  be  deter¬ 
mined  by  what  is  most  readily 
available,  most  easily  erected, 
and  most  economical. 

Grass,  reeds,  matting,  sacking, 
canvas,  and  mud  are  probably 
the  substances  most  commonly 
employed.  The  necessity  for 
head-cover  has  already  been  in¬ 
sisted  upon.  Another  point  to 
be  noted  is  that,  where  it  can 
be  arranged,  the  walls  should  not 
come  right  down  to  the  ground. 

It  is  in  latrine  angles  that  dirt 
collects,  and  the  angle  with  the 

ground  is  one  which  can  often  be  avoided.  Ventilation  is  easily  secured  by 
leaving  a  space  between  the  roof  and  the  walls. 

Urine.  The  dangerous  potentialities  of  infected  urine  are  too  often  over¬ 
looked  or  disregarded,  and  yet  they  are  far  from  negligible,  especially  as  regards 
the  spread  of  enterica  and  undulant  fever.  In  the  case  of  large  bodies  of  men 
promiscuous  urination  must  not  be  permitted,  for  amongst  them  some  are  very 
likely  to  be  bacilluric  carriers,  particularly  in  the  course  of  a  campaign.  Quite 
apart  from  this  aspect  of  the  case  urine  in  bulk  is  very  offensive,  especially 
under  tropical  conditions,  and  it  is  well  to  remember  that  1,000  men  will  daily 
pass  nearly  300  gallons. 

Where  the  nature  of  the  soil  permits,  a  closed  soakage  pit  is  indicated 
for  the  reception  of  urine.  It  is  usually  4  feet  cube,  but  may  be  dug  6  to  8  feet 
deep.  The  soil  at  its  bottom  should  be  well  loosened,  and  the  pit  then  filled 
nearly  to  the  top  with  empty  tins,  graded  stones,  broken  brick  or  rubble.  If  tins 
are  used  they  should  be  perforated  so  that  they  will  not  hold  urine. 

Tapered  funnels  of  light  metal  communicate  with  the  pit.  These  funnels 
should  be  4j  feet  long,  6  inches  in  diameter  at  one  end  and  2  inches  at  the 


Fig.  75.  Double  latrine  pail  for  separation 
of  solids  and  liquids.  Wellcome  Bureau  of 
Scientific  Research.  (Copyright.) 
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other  (Lelean).  One  is  usually  set  at  each  corner  of  the  pit  and  inserted 
obliquely  when  the  filling  of  the  pit  has  reached  a  suitable  height.  Thereafter 
the  filling  of  the  pit  is  completed,  a  layer  of  brushwood,  grass,  sacking,  or 
matting  is  laid  on  the  top,  and  earth  spread  over  it  till  a  level  surface  is  obtained 
(fig.  77). 

If  the  funnels  are  so  placed  that  their  tops  are  at  a  correct  height  there 
should  be  little  fouling  of  the  ground,  but,  as  a  further  preventive,  a  flap  can 
be  attached  to  the  mouth  of  the  funnel  to  catch  4  the  last  drops  ebbing  slow  ’. 
A  loose  plug  of  grass  in  the  funnel  serves  to  exclude  flies,  and  can  be  kept  wet 
with  5  per  cent  cresol.  It  is  wonderful  how  much  urine  such  a  pit  sunk  in 
suitable  soil  can  deal  with.  Lelean  points  out  that 

‘  There  are  always  two  stock  questions  which  are  asked  about  this  method.  The 
first — as  to  what  happens  in  wet  weather  when  the  ground  is  saturated — leads  to  the 
reply  that,  as  the  urine  must  in  any  case  be  run  into  the  soil,  the  soakage-pit  is  no 
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Fig.  76.  Funnel-pattern  latrine  for  separation  and  disposal  of  liquids. 

Lelean’s  Sanitation  in  War. 


worse  than  the  trench.  The  next — as  to  the  danger  of  infecting  the  subsoil  water- 
raises  a  point  of  great  practical  importance,  which  also  is  common  to  all  methods  of 
urine  disposal  in  the  field. 

If  bacilluric  urine  may  contain  one  hundred  million  motile  enteric  organisms  per 
cubic  centimetre,  there  apparently  must  be  a  grave  risk  in  running  this  highly  infective 
liquid  into  the  subsoil  water  levels  whence  drinking  water  is  drawn.  Every  care  must, 
therefore,  be  taken  to  site  the  soakage-pits  so  that  the  subsoil  flow  is  directed  from 
the  wells  towards  the  pit.  It  has  been  mentioned  that  the  best  technique  does  not 
enable  us  to  recover  B.  typhosus  from  bacilluric  urine  after  the  third  or  fourth  day, 
and  this  fact — although  it  does  not  prove  that  enteric  organisms  are  absent — proves 
that  they  have  been  reduced  in  number  at  a  rate  which  justifies  the  belief  that  few, 
if  any,  could  survive  for  long  in  soil  teeming  with  vigorous  saprophytes  which  are 
known  to  outgrow  and  destroy  them.  It  is  satisfactory  to  know  that,  if  every  care 
be  exercised,  the  only  method  available  for  urine  disposal  in  the  field  is  certainly 
reasonably  safe. 

If  these  premises  be  admitted,  it  follows  that  the  soakage-pits  may  be  sited  close 
to  the  living  area.  This  does  away  with  the  necessity  for  having  urine  tubs  for  night 
use  at  the  end  of  each  row  of  tents — a  former  necessity  when  the  urinals  had  to  be 
placed  at  a  distance,  and  one  which  led  to  fouling  of  the  living  area  by  slopping  of 
urine  as  the  tubs  were  carried  every  morning  to  their  stand  by  day  in  the  conservancy 
area.’ 
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A.  BIRD'S-EYE  VIEW. 


Fig.  77.  Urine  soakage-pit  with  funnels.  Lelean’s  Sanitation  in  War. 
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If  funnels  are  not  available  cresol  drums  make  a  very  good  substitute. 
Each  has  a  tent  peg  driven  through  the  centre  of  its  bottom,  and  is  set  at  a 
convenient  height  on  a  clay  pedestal,  down  the  middle  of  which  runs  a  channel 
formed  of  ordinary  tins  attached  end  to  end.  This  communicates  with  the 
soak-pit.  The  drums  should  be  sprayed  with  5  per  cent  cresol  twice  daily. 

Petrol  tins  can  be  so  cut  and  shaped  as  to  form  useful  urinals,  the  waste 
pipes  leading  from  them  being  constructed  of  biscuit  tins. 

Quite  a  good  and  simple  form  of  urinal  can  be  fashioned  from  a  sheet  of 
corrugated  iron  set  vertically  and  against  which  the  urine  is  voided.  To  prevent 
odour  from  the  deposition  of  urates  the  surface  should  be  tarred  or  daily  smeared 
with  heavy  oil.  At  the  base  of  the  sheet  a  channel  set  in  concrete  carries  the 
urine  to  a  soak-pit.  The  ant-hills  (termite  mounds)  so  common  in  the  African 
bush  make  excellent  soak-aways,  their  absorptive  powers  being  marvellous. 
Petrol  tins  can  easily  be  fixed  into  them  to  serve  as  urine  stalls. 

Owing  to  the  high  level  of  subsoil  water  a  urine  soak-pit  may  not  be  feasible, 
and  it  may  be  very  difficult  to  know  what  to  do  with  the  urine  of  a  large  body 
of  men,  say  in  a  native  labour  camp.  In  such  a  case  advantage  may  be  taken 
of  the  deodorant  and  absorbent  properties  of  sawdust,  if  it  can  be  obtained. 
Its  value  has  been  demonstrated  in  the  case  of  certain  institutions  in  China, 
where  trough  urinals  filled  with  unmedicated  sawdust  have  given  good  results. 
The  trough  may  be  of  wood  lined  with  zinc  or  of  cement.  It  should  be  sloped 
slightly  so  that  the  filtrate  will  collect  at  one  end,  from  which  it  escapes  by 
means  of  a  hole,  and  is  led  by  a  pipe  or  open  cement  drain  to  the  surface  soil 
where  it  is  used  for  irrigation  on  a  small  scale. 

Any  kind  of  sawdust  will  do,  and  it  should  reach  a  depth  of  about  one  foot 
in  the  trough.  The  filtrate  is  stated  to  be  odourless  and  quite  innocuous.  The 
same  mass  of  sawdust  can,  it  is  said,  be  used  for  a  period  of  six  months  at 
least,  but,  in  most  cases,  a  fairly  frequent  removal  and  renewal  is  indicated, 
otherwise  the  damp  mass  is  apt  to  smell.  The  trough  should  be  protected 
from  rain  if  the  best  results  are  to  be  secured.  When  large  quantities  of 
urine  have  to  be  treated  the  evaporating  surface  should  be  as  extensive  as 
possible.  In  certain  parts  of  the  Himalayas  pine  needles  are  used  in  the  same 
way  as  the  sawdust  and  are  said  to  answer  very  well. 

The  general  principles  above  enunciated  apply  equally  to  camp  life,  whether 
military  or  civilian,  and  to  permanent  civil  communities.  In  the  case  of  the 
latter,  however,  certain  special  points  have  to  be  considered  and,  further,  the 
element  of  permanency  necessitates  the  introduction  of  new  features,  especially 
where  buildings  are  concerned. 

In  a  country  like  India,  where  there  is  a  special  sweeper  class,  the  commode 
is  generally  used  by  Europeans  in  places  where  water-closets  are  non-existent. 
Immediately  after  use  it  is,  in  most  cases,  emptied  by  the  sweeper  into  a  covered 
metal  receptacle  kept  in  an  outhouse,  is  cleaned  there,  and  returned  to  the  bath¬ 
room  or  closet  room.  The  metal  receptacle  is  dealt  with  by  the  scavenger,  its 
contents  being  removed  daily  in  a  cart  or  in  a  bucket.  Care  must  be  taken  to 
see  that  a  nuisance  is  not  created  in  the  outhouse  where  the  receptacle  is  filled 
and  emptied.  Outside  India  the  commode  system  is  not  desirable,  save  in  the  case 
of  invalids,  for  there  is  always  the  risk  of  servants’  hands  becoming  fouled  and 
infected,  an  accident  which  may  result  in  a  secondary  infection  of  food  or  drink. 
Although  in  some  places  earth  closets  are  employed,  the  pail  system  is  that 
most  commonly  used  by  Europeans  in  the  tropics.  It  often  serves  the  native 
community  as  well,  though,  as  already  stated,  the  deep  pit  closet  system,  at 
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least  in  certain  countries  and  under  certain  conditions,  possesses  marked 
advantages. 

The  Medical  Officer  may  have  to  calculate  the  quantity  of  excreta,  solid  and 
liquid,  for  the  reception  and  removal  of  which  he  has  to  provide.  The  amount 
varies  according  as  he  is  dealing  with  a  European  community  or  with  a  native 
population  subsisting  chiefly  on  a  vegetable  diet. 

The  adult  European  male  on  a  mixed  diet  passes  about  4  ounces  of  solid 
and  40  ounces  of  liquid  excreta  daily.  In  the  case  of  Mohammedans  the  ablution 
water  adds  another  40  ounces  while,  so  far  as  the  adult  Hindu,  a  typical  vege¬ 
tarian,  is  concerned,  the  daily  output  of  solids  is  from  12  to  14  ounces.  Making 
the  necessary  deduction  for  age  and  sex,  the  average  daily  product  of  a  mixed 
adult  population  works  out  at  about  8  ounces  or  -008  c.  ft.  per  head.  Multiply 
the  8  ounces  of  solid  and  80  of  liquid  by  the  number  of  persons  and  you  obtain 
the  average  daily  quantity  of  excreta  to  be  dealt  with.  Taking  a  population 
of  1,000,  and  expressing  the  results  in  cubic  feet,  we  find  that  there  will  be 
8  c.  ft.  of  faeces  and  80  c.  ft.  of  liquid,  of  which  half  may  be  taken  as  urine. 
The  total  for  the  1,000  people  is  88  c.  ft.  Where  ablution  water  has  not  to  be 
considered  the  figure  is  48  c.  ft.  Where  one  is  dealing  with  ablution  water  plus 
urine  and  faeces,  the  calculation  for  collection  and  removal  can  be  made  on  the 
liquid  alone,  as  the  solids  are  in  a  ratio  of  1  to  8  or  10  to  the  liquids  and  can  be 
disregarded  for  all  practical  purposes.  This  cannot  be  done  where  there  is  no 
ablution  water  or  where  a  separation  system  is  in  force. 

Knowing  the  cubic  capacity  of  the  pail,  the  number  of  pails  can  be  reckoned 
from  the  above  data,  and  in  this  connexion  it  is  convenient  to  remember  that 
1  cubic  foot  equals  6-25  gallons  of  liquid,  that  each  gallon  of  liquid  weighs 
10  pounds,  and  that  the  usual  type  of  sanitary  pail  has  a  capacity  of  about 
3  gallons. 

In  the  case  of  public  latrines  it  must  be  borne  in  mind  that  there  will  be 
a  considerable  number  of  non-users  amongst  the  community,  as,  for  example, 
the  well-to-do  classes,  infants,  and  young  children,  the  sick  and  permanently 
infirm,  and  in  certain  countries  the  majority  of  the  women.  Probably  a  20  per 
cent  deduction  is  required  on  this  account,  but  it  is  always  safer  to  under-estimate 
than  to  over-estimate  the  number  so  reduced.  In  working  out  a  scheme  the 
time  factor  must  be  considered.  An  average  per  head  of  five  minutes  for  the 
act  of  defsecation  may  be  allowed,  and  the  substitution  of  a  clean  pail  for 
a  dirty  one  takes  about  two  minutes. 

Again,  it  must  be  remembered  that  the  latrines  receive  the  great  majority 
of  their  clients  in  the  early  hours  of  the  day,  though  there  is  also  considerable 
traffic  in  the  late  afternoons,  for  vegetable  feeders  frequently  ease  themselves 
twice  in  the  24  hours. 

Conditions  differ  so  much  in  different  countries  that  no  statement  will  apply 
generally,  but  a  good  idea  is  obtained  from  Indian  experience,  for  it  is  in  India 
that  the  subject  has  been  most  carefully  considered,  and  where  the  most  accurate 
estimates  have  been  framed.  Useful  information  will  be  found  in  the  recently 
published  Manual  of  Conservancy  by  Das. 

A  great  deal  depends  on  the  system  of  removal  adopted,  i.e.  whether  the 
full  pail  is  carried  away  to  the  area  of  disposal,  its  place  being  taken  by  a  clean 
bucket,  or  whether  it  is  at  once  tipped  into  a  cart,  cleaned  on  the  spot,  and 
returned  to  the  latrine.  Whereas  in  most  parts  of  a  town  a  single  daily  removal 
of  private  latrine  pails  suffices,  there  are  often  places  such  as  hospitals,  prisons, 
barracks,  and  so  forth,  where  a  double  removal  is  imperative. 
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All  these  points  must  be  carefully  considered  before  any  scheme  is  introduced. 

Latrine  pails.  The  type  of  pail  employed  is  an  important  matter.  This 
again  will  depend  to  some  extent  on  local  conditions.  Instead  of  laying  down 
any  general  rule  about  sanitary  pails  it  seems  better  to  mention  a  few  well- 
known  types.  It  may,  however,  be  said  that  a  sanitary  pail  must  be  strong, 
not  too  heavy,  of  as  simple  construction  as  possible,  and  supplied  with  a  elose- 


Fig.  78.  Duckering  pattern  of  sanitary  pail  with  clip  lid  and  rubber  seal.  Third 
Report,  1908.  Wellcome  Tropical  Research  Laboratories,  Khartoum. 


Fig.  79.  Sanitary  pail  with  anti-splash  lid  and  arrangement  for  transport.  Simpson’s 
Principles  of  Hygiene  as  applied  to  Tropical  and  Sub-tropical  Climates. 

fitting  lid.  The  day  of  lidless  pails  should  be  past,  as  should  the  day  of  the 
tank  cart  which  favoured  their  use. 

Fig.  78  shows  the  Duckering  pattern.  It  is  a  useful  pail  but  possesses  some 
disadvantages.  The  rivets  are  a  mistake,  for  they  tend  to  work  loose  and  fall 
out.  It  possesses  no  anti-splash  arrangement,  and  the  rubber  seal  ring  with 
which  it  is  provided  is  expensive  to  replace  when  worn  out.  Still  it  is  a  strong 
pail,  with  a  capacity  of  four  gallons,  easily  repaired,  and  with  a  very  efficient 
clamp  lid.  A  modification  of  the  whole  rubber  seal  consists  in  a  canvas  seal 
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with  a  rubber  core,  which  is  much  cheaper  and  answers  very  well.  A  leather 
seal  is  not  satisfactory. 

Spare  rubber  rings  should  be  stored  in  moist  sawdust. 


Fig.  80. 


Fig.  81. 


Fig.  82. 


Fig.  83. 


Figs.  80-83.  Different  types  of  sanitary  pans  used  in  India.  Simpson’s 
Principles  of  Hygiene  as  applied  to  Tropical  and  Sub-tropical  Climates. 


Fig.  79  represents  a  pail  with  a  spittoon  cover  designed  to  prevent 
splashing.  A  pail  of  this  kind  is  commonly  in  use  amongst  small  communities 
in  India,  and  is  carried  away  to  be  emptied  by  the  sweeper,  who  takes  two 
pails  at  a  time,  suspended  at  either  end  of  a  bamboo  pole  slung  over  his  shoulder. 

Another  form  is  the  shallow  soil  pan  with  close-fitting  cover,  figs.  80-83. 
It  is  suitable  for  removal  by  this  method  as  it  cannot  stand  rough  handling. 
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Seal  of  Darjeeling  devised  a  pail  blocked  out  of  one  piece  of  steel  sheet,  with 
the  handles  and  foot  ring  spot  welded  into  position,  and  the  whole  galvanized. 
This  pail  has  a  rounded  bottom,  which  facilitates  cleansing,  and,  if  fitted  with 
an  air-tight  cover,  would  doubtless  prove  very  satisfactory. 

In  Burma  Entrican  employed  buckets  of  the  ordinary  stable  pattern,  but 

with  lids  of  this  shape  'v - - /  .  These  were  pushed  down  into  the 

buckets,  which  they  effectively  sealed,  and  they  were  easily  removed.  One 
would,  however,  imagine  that  they  might  easily  be  damaged. 


Fig.  84.  Type  European  private  latrine.  Fourth  Report,  Vol.  B,  1911. 

Wellcome  Tropical  Research  Laboratories,  Khartoum. 

A  colander  type  of  pail  is  too  expensive  for  communal  work. 

Whatever  form  of  pail  is  employed  it  will  be  found  economical  to  provide 
facilities  for  repair  on  the  spot.  Not  only  can  the  smaller  repairs,  such  as 
supplying  new  rivets,  seals,  etc.,  be  carried  out,  but,  even  with  small  workshops 
and  a  native  staff,  it  is  often  possible  to  rebuild  pails  which  have  almost  gone  to 
pieces.  In  the  case  of  all  pail  systems  it  is  essential  that  the  receptacles  should 
be  uniform  in  shape  and  size  both  in  the  case  of  private  and  of  public  latrines. 

The  position  and  structure  of  private  latrine  apartments  for  Europeans 
have  been  discussed  under  the  heading  ‘  Habitations  and  their  Annexes  ’ 
(p.  53).  As  far  as  possible,  the  pail  and  seat  should  be  arranged  so  that  there 
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Fig.  85. 


Figs.  85,  86. 


Fig.  86. 

Type  of  fly-proof  European  pail  closet  designed  for  use  in  Mombasa 
by  Dr.  A.  R.  Paterson,  Medical  Officer  of  Health. 
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will  be  no  risk  of  the  rim  or  outside  of  the  former  being  fouled,  so  that  no  urine 
can  escape  in  front  between  the  seat  and  the  top  of  the  pail,  and  so  that  flies 
cannot  gain  access  to  the  pail  contents.  A  consideration  of  some  of  the  methods 
used  in  camp  sanitation,  and  which  have  already  been  described  (p.  147),  will 
show  which  of  them  can  be  adapted  for  use  amongst  civil  communities  served 
by  a  pail  system. 

Types  of  private  latrine  buildings  adapted  respectively  for  European 
and  native  use  are  shown  in  figs.  84  to  89.  The  unsightliness  of  bucket  doors 
opening  on  to  the  streets  can  be  prevented  by  placing  them  in  screened  recesses 
or  concealing  them  by  false  doors  of  ordinary  proportions. 

Various  types  of  public  latrine  for  the  use  of  natives  and  suitable  for  the 
pail  system  have  been  devised.  For  full  details  regarding  these  and  public 
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Fig.  87.  Type  of  fly-proof  European  pail  closet  designed  for  use  in  Mombasa 
by  Dr.  A.  R.  Paterson,  Medical  Officer  of  Health. 


urinals  other  works  must  be  consulted  and,  so  far  as  India  is  concerned,  useful 
information  will  be  found  in  the  recently  published  ^LclixuclI  of  Cotiscwcivicy 
by  Das,  but  it  seems  advisable  to  indicate  the  chief  points  to  which  attention 
should  be  paid  in  designing  and  managing  public  latrines. 

1.  There  must  be  a  satisfactory  roof  which  will  protect  the  user  from  sun 
and  rain,  and  serve  to  keep  the  pails  in  the  shade  at  all  times  of  the  day. 

2.  There  must  be  adequate  ventilation  even  when  the  doors  are  closed. 
This  is  best  effected  by  leaving  a  space  between  the  roof  and  the  walls. 

3.  The  walls  must  be  sufficiently  high  entirely  to  screen  the  user,  and 
should  be  constructed  of  non-absorbent  material,  for  example,  corrugated  iron 
or  ferro-concrete. 

4.  The  floor  should  be  of  brick- work  set  in  cement,  cement  concrete,  Grano¬ 
lithic  cement,  slate  or  stone,  and  should  be  sloped  to  a  drain  leading  to  a  re*1 
ceptacle.  Iron  makes  a  bad  floor  as  it  corrodes  and  becomes  ill-smelling. 
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5.  The  seat  area  should  be  reduced  as  much  as  possible.  Large  squatting 
plates  of  glazed  stoneware  with  foot-rests  and  urine  gutters  are  sometimes 
employed  in  cases  where  a  separation  of  solids  and  liquids  is  effected,  and  can 
certainly  be  easily  cleaned,  but  where  both  faeces  and  urine  pass  direct  into  the 
pail  it  is  quite  sufficient  to  have  a  narrow  cement  ledge  on  either  side.  These 
ledges  serve  as  foot-rests,  and  there  is  nothing  in  the  shape  of  a  seat  which 
can  be  fouled  (fig.  90). 
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Fig.  88.  Native  private  latrine.  Fourth  Report,  Vol.  A,  1911.  Wellcome 
Tropical  Research  Laboratories,  Khartoum. 

6.  The  chamber  in  which  the  bucket  sits  should  be  of  masonry  work  with 
walls  and  floor  cemented. 

7.  Angles  and  crannies  should  be  avoided. 

8.  There  should  be  plenty  of  room  for  the  sweeper  to  do  his  work  properly. 

9.  If  the  urine  and  washings  are  drained  to  a  pail  standing  in  a  pit,  such 
pit  should  have  cemented  walls  and  floor.  In  the  latter  there  should  be  a  punch¬ 
bowl  depression  to  facilitate  emptying. 

10.  If  an  ordinary  type  of  pail  is  used,  and  there  is  no  separation  system,  the 
question  of  splashing  interfering  with  the  user’s  comfort  has  to  be  considered. 
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The  only  way  to  guard  against  this  is  to  see  that  the  top  of  the  pail  is  about 
six  inches  below  the  seat — a  bad  arrangement.  Hence  it  is  very  necessary 
that  the  pails  fit  accurately  into  position.  This  can  be  secured  by  the  pro¬ 
vision  of  a  stop  of  some  kind  in  the  latrine  floor.  If  wood  ashes  or  saw¬ 
dust  can  be  placed  in  the  pails  the  danger  of  splashing  is  obviated,  and  the 
pail  can  then  fit  close  up  under  the  seat,  which  is,  of  course,  very  desirable. 


FRONT  VIEW  back  view 

Iig.  89.  Private  latrine  for  native  use,  Mombasa,  designed  by  Dr.  A.  R. 

Paterson,  Medical  Officer  of  Health. 


11.  Every  public  latrine  should  be  provided  with  a  lamp  at  night.  This 
renders  them  more  popular,  and,  to  some  extent,  prevents  natives  easing  them¬ 
selves  at  any  convenient  spot. 

12.  Where  a  clean  pail  replaces  a  dirty  one  it  is  a  good  plan  to  have  the  two 
sets  of  pails  differently  coloured  or  marked,  provided  the  number  to  be  handled 
is  limited. 

Fig.  90  shows  a  simple  type  of  latrine  which  embodies  most  of  the  principles 
above  detailed  and  in  addition  is  rendered  fly-proof.  The  type  of  public  latrine 
in  use  at  Khartoum  is  shown  in  figs.  91  to  94.  Apart  from  the  fact  that  the 
seats  are  not  of  the  best  type,  presenting  a  large  surface  which  is  apt  to  be 
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Fig.  90.  Six-seater  fly-proof  native  latrine  designed  for  use  in  Mombasa  by 
Dr.  A.  R.  Paterson,  Medical  Officer  of  Health.  It  is  so  arranged  that  opportunities 
for  foulin«  are  reduced  to  a  minimum 
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Fig.  91.  Type  of  native  public  latrine.  Exterior  view.  Third  Report ,  ]908. 
Wellcome  Tropical  Research  Laboratories,  Khartoum. 


Plan  of  Foundation 

Fig.  92.  Native  public  latrine,  Khartoum.  Third  Report ,  1908.  Wellcome 
Tropical  Research  Laboratories,  Khartoum. 
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Fig.  93. 


Plan 
Fig.  94. 

Figs.  93,  94.  Native  public  latrine,  Khartoum.  Third  Report,  1908.  Wellcome 

Tropical  Research  Laboratories,  Khartoum. 
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fouled,  these  latrines  have  been  found  very  useful,  being  roomy  and  easily 
cleaned.  They  are  also  to  be  commended  from  an  aesthetic  point  of  view, 
a  matter  of  some  importance,  at  least  in  certain  places. 

It  is  possible,  and  it  may  be  necessary  owing  to  paucity  of  funds,  to  erect 
much  more  simple  types  of  public  latrines  for  natives,  as  Entrican  did  in  Burma. 
In  places  where  there  is  not  a  very  efficient  sanitary  service  and  where  super¬ 
vision  is  not  good,  such  latrines  are  better  than  the  more  elaborate  structures 
just  mentioned.  A  framework  of  tarred  wood  for  the  sides,  non-corrugated 
galvanized  iron  sheets  with  holes  cut  in  them  for  the  seats,  and  removable  floors 
of  railway  cinders  or  sand  make  latrines  which  function  fairly  well  if  water  is 
not  used  in  them  and  the  seats  are  cleaned  with  dry  sand  which  is  swept  care¬ 
fully  into  the  pails. 

In  the  case  of  small  public  latrines  it  may  be  possible  to  run  the  urine  direct 
into  a  soak-pit  if  the  soil  is  porous  and  there  is  no  risk  of  contaminating  well- 
water. 

It  is  difficult  to  deal  with  large  quantities  of  urine.  Sometimes  a  dis¬ 
infectant  like  cresol  is  added  to  it  and  it  is  discharged  into  the  sea,  as  was  done 
successfully  at  Lindi  in  East  Africa.  Sometimes  it  is  removed  in  covered 
receptacles  and  run  into  soak-pits  well  away  from  the  inhabited  area.  Where 
sawdust  is  cheap  and  plentiful  it  might  be  possible  to  erect  some  simple  form  of 
filtering  plant  and  use  the  purified  effluent  for  irrigation  purposes. 

King  introduced  the  so-called  filter  pit  and  trench  latrines  for  dealing 
with  urine  in  places  where  a  separation  system  is  in  vogue.  The  urine  passes 
through  an  aerobic  filter  on  the  spot  and  is  only  then  permitted  to  soak  into 
the  soil.  It  would  take  too  long  to  describe  this  method,  but  accounts  will  be 
found  in  volumes  4  and  7  of  the  Tropical  Diseases  Bulletin . 

There  is  no  doubt  that  the  separation  system  presents  certain  advantages. 
These  may  be  tabulated  as  follows  : 

(i)  There  is  less  tendency  towards  decomposition,  which  in  the  tropics  sets 
in  very  rapidly.  Hence  the  pail  contents  are  not  so  offensive. 

(ii)  There  is  less  risk  of  splashing,  which  in  addition  to  causing  the  user 
discomfort  may  foul  the  latrine. 

(iii)  There  is  not  the  same  tendency  to  over-filling  of  the  pails,  resulting  in 
overflow  or  in  splashing  during  removal  if  the  receptacles  do  not  possess  covers. 

(iv)  There  is  less  weight  to  be  carried  during  removal,  at  least  if  the  urine 
is  got  rid  of  on  the  spot. 

(v)  The  nuisance  during  removal  is  lessened.  This  is  especially  true  where 
carts  are  used,  for  the  splashing  of  a  liquid  sewage  is  a  frequent  cause  of  offence. 

(vi)  Cart  contents,  if  conveyed  some  distance,  are  in  a  better  state  for  pitting, 
as  when  urine  and  faeces  are  combined  they  tend  to  form  a  colloid  mass  in  the  cart 
which  is  not  so  well  adapted  for  trenching  purposes  as  the  solids  by  themselves. 

(vii)  Where  incineration  is  employed  it  is  much  easier  to  obtain  good  results. 
It  is  true  that  on  a  small  scale  it  is  not  always  necessary  in  the  tropics  to  separate 
solids  and  urine  for  successful  incineration,  but  where  there  is  any  bulk  of 
excreta  to  be  dealt  with,  especially  if  there  is  much  ablution  water,  it  is  essential 
to  do  so.  A  separation  system  in  the  latrines  obviates  any  nuisance  which 
may  be  created  at  the  incinerating  ground  in  the  attempt  to  drain  off  the  urine 
from  the  solids  there. 

(viii)  Trenching  becomes  a  more  sanitary  process,  for  there  is  not  so  much 
tendency  for  the  surface  soil  to  become  saturated  by  soakage  from  below  and 
hence  rendered  attractive  to  flies. 
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More  or  less  elaborate  platforms  of  cement,  cast  iron,  or  glazed  stoneware 
have  been  devised  to  effect  complete  separation.  King  strongly  recommends 
reinforced  cement  concrete.  Here  it  need  only  be  said  that  the  simpler  these 
are  and  the  less  surface  to  be  fouled  the  better.  They  are  either  on  the  principle 
of  a  double  latrine  or  possess  a  drain  for  carrying  off  the  urine. 

Morris  in  India  combined  a  separation  system  with  the  use  of  a  solution  of 
perehloride  of  mercury  for  the  disinfection  both  of  excreta  and  urine.  He 
claims  good  results  from  this  procedure,  which  he  terms  the  wet  method.  The 
feces  are  finally  incinerated.  (See  Journal,  Royal  Army  Medical  Corps,  April 
1909  and  November  1910.) 

In  countries  where  ankylostomiasis  is  common  a  mixture  of  salt  and  earth 
or  salt  and  sand  should  be  added  to  the  pail  contents  as  a  disinfectant  and 
deodorant. 

REMOVAL. 

Removal  by  hand,  as  employed  in  India  and  elsewhere,  has  already  been 
mentioned.  On  a  limited  scale,  where  the  distances  to  be  traversed  are  not 
great  and  where  there  is  a  special  sweeper  class,  it  may  be  quite  satisfactory 
if  the  pails  are  securely  covered.  A  clean  pail  is  left  when  the  dirty  one  is 
removed. 

The  system  whereby  the  pail  contents  are  emptied  into  carts  is  a  very 
undesirable  one.  The  buckets  are  either  returned  unclean  or  are  cleaned  on 
the  spot  by  the  aid  of  sand  or  earth.  The  result  is  a  fouling  of  the  surface  soil 
and  the  establishment  of  conditions  favouring  the  spread  of  dysentery.  A  village 
in  which  such  a  method  is  in  vogue  stinks  after  rain  and  is  almost  certain  to  be 
unhealthy  at  certain  seasons  of  the  year.  The  night-soil  carts  themselves  are 
rarely  satisfactory,  chiefly  because  their  proper  cleansing  and  disinfection  are 
neglected.  Good  types  undoubtedly  exist,  but  they  soon  fall  into  disrepair 
and  become  offensive  and  dangerous.  They  often  break  down  and  not  infre¬ 
quently  capsize. 

Thorough  tarring  of  the  inside  of  the  cart  will  help  to  diminish  offensiveness 
and  to  protect  the  metal  to  some  extent,  but  the  term  c  insanitary  juggernauts  ’ 
conferred  upon  these  vehicles  is  in  most  cases  both  apt  and  justified. 

The  emptying  of  pail  contents  into  a  special  large  covered  receptacle  which 
is  then  conveyed  to  the  place  of  disposal  possesses  some  of  the  disadvantages 
of  the  cart  system  and  is  undesirable. 

The  only  really  satisfactory  way  of  running  a  pail  system  is  to  have  a  double 
set  of  buckets.  The  used  bucket  is  replaced  by  a  clean  one,  a  satisfactory 
cover  is  affixed,  and  it  is  removed  by  cart  or  railway  trolley  or  both  to  the  place 
of  final  disposal.  Carts  for  the  conveyance  of  the  pails  must  be  light  and  low. 
If  it  can  be  avoided  pails  should  not  be  ranged  one  on  the  top  of  the  other 
during  transport,  as  their  lids  are  apt  to  get  damaged,  especially  if  they  are  of 
the  clamp  variety.  At  the  same  time  it  may  be  difficult  to  avoid  this  arrange¬ 
ment,  as  otherwise  the  plant  required  might  be  prohibitive  in  price. 

A  type  of  cart  in  which  the  buckets  are  slung  from  rails  or  hoops  has  been 
used  in  some  places. 

It  may  be  possible  to  carry  out  the  removal  of  pails  in  whole  or  in  part  by 
means  of  trolleys  running  on  small  conservancy  tramways  and  drawn  by  mules, 
oxen,  or  camels.  As  a  rule,  a  combined  method  of  carts  and  tramways  is 
employed.  Depots  are  established  where  the  buckets  are  transferred  from  the 
carts  to  the  trolleys  (fig.  95,  A,  p.  168).  Such  depots  are  apt  to  be  productive  of 
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a  nuisance  if  not  carefully  managed,  and  should,  if  at  all  possible,  be  enclosed 
by  a  mud  wall  or  some  other  form  of  screen. 

The  system  of  duplicate  pails  requires  careful  supervision  to  prevent  sweepers 
emptying  the  contents  of  one  pail  into  another  and  so  lightening  their  loads. 

It  is  by  no  means  ideal ,  but  when  properly  managed  it  is  probably  as  good  as 
any  comparatively  large  system  involving  human  labour  in  the  tropics  can  be,  and 
where  it  has  been  adopted  it  has  usually  proved  a  success.  The  placing  of  confetti 
or  scraps  of  coloured  paper  in  the  pail  serves  as  a  means  of  detecting  irregularities 
on  the  part  of  the  sweeper  who  likes  to  lighten  his  load  by  dumping  the  bucket 
contents  in  unauthorized  places.  There  must  be  adequate  arrangements  for 
cleaning  the  pails  after  they  have  been  emptied.  Sometimes  this  can  be  done 
with  sea  water  in  the  case  of  small  coastal  towns  where  the  method  of  disposal 
is  to  empty  the  pails  into  hopper  barges  which  are  towed  out  to  sea  to  discharge 
their  loads. 

Care  must  be  taken  in  such  cases  that  the  jetty,  wharf,  or  foreshore  does 
not  get  badly  fouled. 

If  trenching  is  employed  large  tubs  or  metal  tanks  or  coppers  (fig.  95,  E) 
must  be  provided  in  which  the  pails  can  be  cleaned,  and  it  will  often  be  found 
possible  to  supply  hot  water  from  an  adjoining  refuse  destructor.  It  is  con¬ 
venient  to  have  a  series  of  three  cleansing  receptacles.  In  the  first  the  pail  is 
roughly  washed,  in  the  second  it  is  thoroughly  scrubbed  and  cleaned,  and  in  the 
third  it  gets  a  disinfectant  bath  of  cresol.  The  lids  undergo  the  same  purifying 
process.  Wooden  gratings  should  be  laid  down  on  which  the  ‘clean  buckets 
can  be  set  prior  to  return  to  the  houses  and  public  latrines. 

Similar  arrangements  are  required  if  incineration  is  the  method  adopted, 
though  on  a  small  scale  a  ‘  dry  clean  ’  with  sand  which  can  afterwards  be  boiled, 
and  the  liberal  use  of  heavy  oil  as  a  coating  to  the  inside  of  the  pails  may  meet 
the  case. 

DISPOSAL. 

Trenching.  The  trenching  ground  must  be  carefully  selected.  It  must 
be  well  outside  the  town  or  village  but  not  too  far  away  for  the  effective  working 
of  the  removal  system.  It  should  be  about  half  a  mile  from  the  nearest  dwelling 
house,  in  a  situation  to  which  the  town  is  not  likely  to  extend,  and  on  the 
side  of  the  town  away  from  the  prevailing  wind.  A  screen  of  trees  between 
it  and  the  town  is  an  advantage.  It  should  not  be  placed  near  a  river  bank 
and  low-lying  land  ought  to  be  avoided.  A  well-drained,  light,  fertile  loam  is 
the  best  soil,  but  desert  sand  may  act  wonderfully  well  in  the  way  of  dis¬ 
integrating  trench  contents  and  rendering  them  inoffensive.  Heavy,  alluvial 
clay  soils  should  be  avoided. 

Black  cotton  soil,  when  dry,  is  excellent,  but,  when  wet,  becomes  a  viscous 
mud  and  is  then  not  so  suitable.  As  Clemesha  points  out,  districts  where 
black  cotton  soil  occurs  usually  have  a  small  rainfall,  so  the  difficulty  is  only 
temporary. 

The  ground  should,  as  a  rule,  be  of  a  size  that  will  permit  of  two  years’ 
trenching  without  using  any  part  of  the  land  twice.  Some  authorities  say 
three  years,  but  in  sandy  regions  it  is  often  possible  to  use  the  same  land 
at  the  end  of  nine  months  or  a  year.  The  actual  area  required  depends 
on  the  kind  of  trenching  adopted,  but,  roughly  speaking,  an  acre  may 
be  allotted  to  every  1,000  inhabitants.  This  is  a  very  liberal  allowance 
in  the  case  of  desert  sand  and  in  places  where  there  is  little  rainfall. 
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In  such  places  it  is  not  necessary  to  put  the  land  under  cultivation  though,  if 
water  can  be  obtained  readily  and  cheaply,  it  is  advisable  and  may  be  profitable 
to  do  so.  Elsewhere,  however,  cultivation  is  an  essential  part  of  the  disposal 
system  and  this  requires  an  area  sufficiently  large  to  serve  for  three  years. 
Hence  the  ground  should  be  divided  up  into  plots — one  in  which  trenching 
is  proceeding,  one  which  has  been  trenched  and  lies  fallow,  and  one  under  culti¬ 
vation.  The  period  of  rest  depends  on  soil  and  climate. 

The  ground  must  be  prepared  by  levelling  and  draining  it,  laying  out  roads 
for  the  carts  and  paths  for  the  labourers.  It  may  be  necessary  to  protect  it 
from  flooding  by  means  of  intercepting  drains  while,  in  low-lying  regions,  a  raised 
area  may  have  to  be  constructed,  earth  being  taken  from  any  convenient  source. 
In  India  a  tank  is  sometimes  dug  out  and  the  soil  used  for  this  purpose,  the 
tank  water  being  useful  for  irrigation  in  dry  weather  and  as  a  supply  for  cleansing 
pails  and  utensils.  It  is  often  necessary  to  dig  a  well  for  supplying  water. 

The  trenches  must  be  laid  out  on  a  regular  system  (fig.  95).  Shallow 
trenches,  i.  e.  6  inches  deep,  once  advocated  in  India,  are  dangerous  and  should 
never  be  employed.  Convenient  dimensions  are  18  inches  deep,  2  feet  wide, 
and  15  to  30  feet  long.  The  trenches  (F)  should  be  one  foot  apart. 

Care  must  be  taken  not  to  place  too  much  of  the  cart  or  bucket  contents 
in  the  trench,  as  otherwise  when  the  earth  is  filled  in  the  night-soil  wells  up 
through  it,  reaches  the  surface,  is  offensive  and  attracts  flies. 

For  a  trench  18  inches  deep,  6  inches  of  night-soil  are  indicated.  It  is 
better  never -to  empty  carts  directly  into  trenches  as  a  nuisance  is  thereby  sure 
to  be  created,  a  mass  of  night-soil  accumulating  which  has  to  be  raked  into  and 
along  the  trench.  Hence  the  cart  contents  should  be  discharged  into  pails 
and  these  emptied  into  the  trenches.  The  latter  must  be  filled  in  as  soon  as 
the  night-soil  has  been  deposited  in  them  ;  the  earth  used  for  the  purpose 
should  be  broken  up  as  much  as  possible  during  the  shovelling  and  piled 
in  the  form  of  a  dome,  for  some  settling  always  takes  place  for  which 
allowance  must  be  made.  Otherwise  depressions  form  in  which  water  may 
collect  after  rain  and  serve  as  mosquito  nurseries. 

It  is  necessary  to  provide  some  form  of  covered  shed  (B)  in  which  utensils 
can  be  stored.  When  it  can  be  managed  a  change  of  clothes  for  the  men  em¬ 
ployed  may  with  advantage  be  kept  there.  Washing  facilities  as  at  C  should 
also  be  provided  for  them,  as  otherwise  they  often  return  to  their  quarters  in 
a  filthy  condition.  Flies  may  accompany  them  on  their  return  and  are  apt 
also  to  escort  carts  leaving  the  trenching  ground  unless  these  are  well  cleaned. 
They  may  be  sprayed  with  some  anti-fly  solution,  such  as  weak  formalin. 
A  tally  of  the  cart-loads  arriving  at  the  trenching  ground  should  be  kept. 

Cultivation  is  important  both  as  a  means  of  purifying  the  soil  and  as  a 
source  of  revenue.  Three  months  after  trenching  the  plots  should  be  dug  up 
or  deeply  ploughed  and  then  sown  with  such  crops  as  rye-grass,  millet,  or  tobacco. 
Sugar-cane  can  be  grown  in  certain  localities.  After  the  first  crop  vegetables 
can  be  safely  grown  and  are  lucrative.  Ground-nuts  do  well,  but  cereals,  except 
perhaps  millet,  are  not  so  suitable.  There  is  always  a  good  market  for  earth 
removed  from  old  trenches,  for  it  has  a  high  manurial  value  and  is  specially 
prized  for  use  in  rice  fields.  There  is  no  objection  to  the  removal  of  the  contents 
of  six-month  old  trenches  for  this  purpose.  Proper  supervision  is  very  necessary 
and  a  definite  routine  system  must  be  followed.  It  is  always  difficult  to  prevent 
flies  breeding  in  the  trenches,  but  the  danger  can  be  lessened  by  adhering  carefully 
to  the  rules  laid  down. 
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A  trenching  ground,  however,  like  a  pail  system,  is  dependent  on  human 
labour,  and  therefore  is  always  liable  to  be  a  source  of  trouble  and  nuisance. 
The  larger  the  area  the  greater  the  truth  of  this  statement,  but  in  the  case  of 

From  a  plan  by  Lieut. -Colonel  G.  E.  F.  Stammers. 


A  =  Exchange  station;  B  =  Shed  for  storage  of  tools,  &c.  ;  C  =  Ablution  place  for  em¬ 
ployees;  D  =  Movable  tramway;  E  =  Cleansing  depots;  F  =  Trenches  :  G  =  Piped  water 
supply. 

small  communities  trenching  grounds  may  be  quite  successful  and  constitute 
an  economical  method  of  disposal. 

Incineration.  The  question  of  incineration  has  been  purposely  deferred 
until  all  the  various  methods  of  collection  had  been  considered.  At  the  same 
time  incineration  is  more  associated  with  some  of  the  improvised  systems 
mentioned  and  with  camp  hygiene  than  with  communal  conservancy,  for  it  is 
difficult  to  carry  out  on  a  large  scale  in  the  tropics  unless  ample  funds  are 
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forthcoming.  Yet  it  may  form  a  very  useful  auxiliary  method  to  a  pail 
system.  A  town  served  by  a  bucket  system  frequently  has  native  locations 
in  its  immediate  vicinity,  and  it  may  be  impossible  to  introduce  pail 
conservancy  into  the  latter.  Small  incinerators,  however,  may  be  erected  at 
small  cost  to  serve  these  locations  and,  given  proper  supervision  and  attention, 
will  often  answer  admirably,  especially  in  dry  countries.  The  incineration  of 
night-soil  may  or  may  not  be  combined  with  refuse  destruction. 

In  many  places  a  certain  amount  of  refuse  can  be  used  as  fuel.  For  example, 
in  native  locations  like  those  just  mentioned  the  ground  sweepings,  consisting 
of  dry  grass,  straw,  paper,  and  other  inoffensive  combustible  material,  often 
furnish  all  the  fuel  that  is  necessary.  In  case  of  need,  as  during  rainy  weather, 
a  little  oil  can  be  used  to  supplement. 

In  most  cases  refuse  is  burned  separately  from  night-soil  and  it  is  necessary 
to  provide  special  fuel  for  cremating  the  latter.  This  is  what  so  often  makes 
incineration  a  costly  process. 

If  incineration  of  night-soil  is  to  be  successful  in  the  tropics  there  must  be 
adequate  European  supervision,  well-trained  native  stokers — for  the  stoker  is 
even  more  important  than  the  stokehold — a  good  and  constant  supply  of 
suitable  fuel,  a  covered  shed  or  store-house  for  this  fuel  in  wet  weather,  and 
a  properly  designed  and  well-constructed  incinerator.  Wherever  possible,  the 
principle  of  4  from  the  pan  or  other  receptacle  direct  to  the  fire  ’  should  be 
insisted  upon,  but  sometimes  it  is  necessary  to  have  mixing  platforms.  These 
must  be  of  non-absorbent  material,  provided  with  roofs,  and  should  be  protected 
from  flies,  though  in  practice  this  is  difficult  to  arrange. 

The  fuel  varies  in  different  places.  Sawdust,  wood  shavings,  pine  needles, 
coal-dust,  dry  grass,  dead  leaves,  and  dry  horse  manure  or  cattle  dung  can  all  be 
used.  Clemesha  points  out  that  gas-tar  liquor  from  gas-works  is  a  useful  form  of 
fuel.  It  is  highly  inflammable  and  in  India  is  a  waste  product  which  is  discarded. 

Until  he  is  thoroughly  trained  and  can  trim  his  fire  as  well  as  any  boiler 
tender,  the  native  sweeper  requires  constant  supervision.  Otherwise  he  never 
mixes  the  excreta  and  the  inflammable  material  thoroughly  or  in  their  proper 
proportions,  he  is  very  apt  to  put  the  resulting  mass  into  the  fire  when  it  is  too 
wet,  or  to  heap  it  on  in  too  large  a  quantity  at  a  time. 

An  incinerator  for  burning  faeces  should  be  of  the  closed  type.  Many 
patterns  are  in  existence,  and  it  is  impossible  to  describe  them  all  in  detail  or 
even  a  majority  of  them.  Illustrations  are  given  of  some  useful  types,  together 
with  explanatory  notes  (figs.  96  to  100).  It  seems  better  in  a  short  chapter 
of  this  kind  merely  to  mention  the  principles  underlying  the  con¬ 
struction  AND  WORKING  OF  NIGIIT-SOIL  INCINERATORS. 

It  may  be  said  of  those  that  are  inefficient  ‘  By  their  smoke  ye  shall  know 
them  ’,  for  the  emission  of  smoke  in  any  quantities  signifies  defective  design, 
bad  stoking,  or  an  insufficient  supply  of  dry  and  inflammable  material.  In  the 
case  of  the  two  last  mentioned  the  nuisance  is  temporary,  but  if  the  incinerator 
is  badly  designed  it  is  a  constant  source  of  trouble  and  will  lead  to  complaints. 
Hence  the  following  points  are  important  : 

1.  The  materials  of  which  it  is  composed  must  be  heat-resisting  and  capable 
of  withstanding  rough  usage. 

2.  If  the  heat  of  the  walls  can  be  utilized  for  drying  the  mass  to  be  burned, 
as  by  making  them  converge  towards  the  chimney,  or  if  this  can  be  effected 
by  some  form  of  strong  shelf  within  the  incinerator  (fig.  100),  cremation  is  much 
facilitated. 
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KHARTOUM  SANITARY  SERVICE  INCINERATOR. 


SECTION  on  A-B  ELEVATION 

INS.I2  Q  I  2345678  feet 

L-l  J  I  I _ I _ I _ I _ L _ I _ 1 _ I _ I 

Fig.  97.  Modified  after  Morris.  The  boiler  may  be  omitted.  Third  Report, 
1908.  Wellcome  Tropical  Research  Laboratories,  Khartoum. 

This  is  a  very  useful  form  of  incinerator  and  can  easily  be  simplified  in  several 
directions.  It  has  the  advantage  of  a  fairly  wide  chimney  which  aids  the  inciner¬ 
ating  process  by  favouring  draught. 


EXCRETA 


173 


<  (d  ^ 
Vo  ^ 


o 

Kj 

***  >> 
e  X5 

<o  •— 
•*2  X 

rtf 

c3 

V 

o 

<^>  0) 

^  t3 

z 

o 

§ 

^  _ 

— 

s-  G< 

h- 
1  \ 

'd  £ 

’  <n 

<3  O 
o5  &C 

P$.S 

o 


©  u 
_  sc 

^  S 

|  +J 

jh  a 

I  > 

•  a 

U  j£ 

O  -M 

ei  2 
Sh  cS 

o>  x! 

£ 

•cs  sh 
©  O 
£  -m 
•*“•  £ 

o  ¥> 

•g! 

H-S 

■£  "d 

o6q  « 

05^0 

.  .  = 

O  =o  £ 

LLj  V  r- 

S  8 


174  MINOR  TROPICAL  SANITATION 


-C 

c  O 


I 


N  I 

cqIcO 

0) 


i 


u 


-1_>  i- 
<DjO 
<L» 


to  o 

o 

-o  -C 


>£ 
VD  ^ 


Jj 

■  c. 
<u 
o 


CO 

°)  o 
QJ  O 
OYU 

c 

•  —  0) 

_c  — 


a;  -n 

u 

> 

O 

C  ^ 

1_ 

o 


CO 


•  r-Ph 

A3  >=^ 

>  a>  ET 


)  CO  i_  vO 

Nl-j 

LtJ<4_  tr  <u 
o  Q3  -C 
<y  o 


£  fO 


or  a_  * 


qj  cr» 
_o  c. 


.£  !e 


AJ 

»0 

v_ 

£ 

Cl) 

a> 

c 

</> 

A3 

<13 

£ 

JC 

J_S 

1_ 

CT 

O 

•  — 

u__ 

CI 

.Li 

ro 

■JC1 

~a 

JL> 

c 

•  — — 

£ 

AI 

CO 

v_ 

03 

0) 

> 

JC 

"qj 

-L_> 

c 

<u 

<0 

1 

rr- 

o 

t_ 

u> 

<u 

“O 

<z 

QJ 

JJ> 

o 

QJ 

> 

’ 

Oj 

c 

<0 

JL> 

03 

CJ_ 

L_ 

o 

H" 

-O 

I_ 

to 

o 

Q_ 

L. 

o 

Q_ 

3 

CO 

i- 

or 

o 

CL 

CL 

3 

tO 


LU 

(- 

< 

or 

o 

u. 

o 


6.8 


EXCRETA 


175 


Fig.  100.  Multiple  shelf  incinerator  designed  by  Major  Charles  Spencer  Williamson,  M.R.C., 
Fort  Riley,  Kansas,  U.S.A.  From  The  Military  Surgeon,  Vol.  48,  No.  1,  July  1018.  (Slightly 
modified.)  This  form  of  incinerator  is  rather  complicated  and  expensive  but  is  said  to  act 
well  and  certainly  provides  for  a  thorough  drying  of  excreta  and  r.  fuse. 
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3.  To  ensure  a  good  draught  a  grate  is  required,  and  the  air  inlets  must  be 
adequate.  The  chimney  should  be  of  sufficient  bore.  Many  incinerators  fail 
because  their  chimneys  are  too  narrow.  The  clear  spaces  between  the  iron  bars 
of  the  grate  should  never  be  more  than  2  inches  wide  ;  lj  to  lj  inches  is  the 
usual  measurement. 

4.  In  places  where  complaints  regarding  smell  are  likely  to  be  made  it  is  an 
advantage  if  the  incinerator  possesses  a  baffle  plate  in  its  combustion  chamber 
(fig.  99).  This  extends  downwards  from  the  top  of  the  chamber  and  partially 
divides  it.  As  a  result,  gases  generated  as  the  refuse  is  being  destroyed  are 
sucked  by  the  draught  under  the  baffle  and  through  the  fire,  where  they  are 
oxidized  and  rendered  inodorous. 

5.  Where  a  baffle  cannot  be  fixed  the  same  residt  may  be  obtained,  though 
not  so  satisfactorily,  by  placing  a  horizontal  grid  a  short  distance  below  the 
entry  into  the  flue.  A  fire  is  lighted  on  this  grate  and  a  layer  of  glowing  fuel 
secured  through  which  the  gases  pass. 

It  is  always  a  good  plan  to  place  an  incinerator  upon  a  cement  concrete 
base.  If  its  grate  is  wrongly  constructed  or  becomes  defective  unincinerated 
material  which  is  attractive  to  flies  falls  through  it  and  the  area  under  the 
incinerator  becomes  a  fly  nursery,  the  larvae  burrowing  into  the  soil  unless 
such  a  base  is  provided.  Failing  a  concrete  base,  a  well-puddled  surface  of 
clay  may  serve,  but  it  should  be  sprayed  at  least  twice  a  day  with  a  mixture  of 
kerosene  and  water.  The  aperture  through  which  the  incinerator  is  charged 
should  always  be  provided  with  a  door  to  prevent  the  access  of  flies  for,  so  long 
as  faecal  material  is  not  actually  in  the  smoke  and  fire,  flies  will  feed  upon  it. 

As  regards  the  method  of  working  one  cannot  do  better  than  quote  what 
Lelean  says  regarding  the  management  of  a  field  incinerator  of  the  Horsfall  type  : 

4  It  is  important,  re  the  prevention  of  offence,  that  filth  should  not  be  burnt  until 
there  is  a  full  depth  of  fire,  white-hot  at  its  core.  To  half  a  bucket  of  latrine  filth 
there  should  be  added  a  like  amount  of  absorbent  fuel,  and  the  whole  thoroughly 
mixed  before  being  thrown  on  to  the  fire.  This  should  be  repeated  every  half-hour, 
and  the  other  combustible  refuse  should  be  added  at  intervals  so  as  to  maintain  a  fierce 
fire  throughout.  ...  If  well  damped  down  at  night,  the  fire  burns  until  morning 
without  further  attention  ;  the  stoker  should  force  the  combustion  rate  in  the  early 
morning  so  that  the  furnace  is  working  at  full  blast  by  the  time  the  morning  filth 
arrives  at  the  installation.’ 

There  is  an  advantage  in  scattering  a  few  empty  tins  throughout  the  mass 
of  refuse,  as  it  is  thereby  prevented  from  caking  and  is  more  readily  consumed. 

When  urine  is  added  with  the  excreta  there  is  greater  risk  of  offensive 
smells.  Further,  a  considerably  larger  amount  of  fuel  is  required,  so  that  it  is 
well  to  exclude  urine  unless  the  quantity  is  small. 

As  the  success  of  all  conservancy  systems  in  the  tropics  depends  largely 
on  the  efficiency  and  good-will  of  the  native  sweeper  it  is  advisable  to  provide 
special  and  comfortable  quarters  for  the  conservancy  staff.  In  the  case  of 
camps  incinerator  men  should  be  housed  near  the  altars  which  they  serve, 
otherwise  their  work  is  apt  to  be  neglected  at  certain  times  in  the  day. 

Septic  tank  system.  It  is  in  India  especially  that  this  method  of 
dealing  with  pail  or  cart  contents  has  come  into  use.  It  is  a  liquefaction 
process  under  anaerobic  conditions.  The  contents  require  considerable  dilution 
with  water  whereby  they  are  really  converted  into  sewage,  and  as  the  system  is 
somewhat  elaborate  and  requires  special  tanks  and  filters  it  can  scarcely  be 
regarded  as  coming  under  the  term  ‘  Minor  Tropical  Sanitation  ’.  It  is  therefore 
merely  mentioned  as  an  alternative  method  of  disposal. 
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One  modification  of  the  septic  tank  system  calls,  however,  for  special  notice, 
and  that  is  the  wet  privy  or  home  septic  tank  devised  in  the  first  instance  in  the 
United  States  to  lessen  the  risk  of  infection  from  ankylostomes  but  which  has 
a  much  wider  application.  For  example,  the  so-called  L.R.S.  (Lumsden, 
Roberts,  and  Stiles)  privy,  presently  to  be  described,  either  in  its  original  cheap 
form  or  modified  in  the  way  of  being  made  more  durable,  can  be  installed  with 
advantage1  in  European  houses  situated  in  rural  districts  in  the  tropics.  Under 


Fig.  101.  L.R.S.  home  septic  tank,  simplest  form.  After  Lumsden  and  Stiles, 
Quarterly  Bulletin,  Louisiana  State  Board  of  Health. 

certain  conditions  it  is  also  suitable  for  camp  life,  and  is  infinitely  preferable 
to  any  pail  system.  As  originally  designed  (fig.  101),  the  L.R.S.  privy  consists 
of  the  following  parts  : 

‘  (1)  A  water-tight  barrel  to  be  used  as  a  liquefier. 

(2)  A  covered  water-tight  barrel,  can,  or  other  container  to  receive  the  effluent. 

(3)  A  connecting  pipe  about  2^  in.  in  diameter,  about  12  in.  long,  and  provided 
with  an  open  T  at  one  end,  both  openings  of  the  T  being  covered  by  wire  screens. 

(4)  A  tight  box,  preferably  zinc-lined,  which  fits  on  the  top  of  the  liquefying 
barrel  :  it  is  provided  with  an  opening  on  toil  for  the  seat,  which  has  an  automatically 
closing  lid. 
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An  anti-splashing  device,  consisting  of  a  small  board  placed  horizontally  under 
the  seat  and  1  in.  below  the  level  of  the  transverse  connecting  pipe  ;  it  is  held  in  place 
by  a  rod,  which  passes  through  eyes  or  rings  fastened  in  the  box,  and  by  which  the  board 
is  raised  and  lowered.  The  liquefying  tank  is  filled  with  water  up  to  the  point  when 
it  begins  to  trickle  into  the  effluent  tank. 

As  an  insect  repellent  a  thin  film  of  some  form  of  petroleum  may  be  poured  on  the 
surface  of  the  liquid  in  each  barrel. 

When  the  privy  is  to  be  used  the  rod  is  pulled  up  so  that  the  anti-splashing  board 
rises  up  to  within  i  in.  below  the  surface  of  the  water.  The  faecal  matter  falls  into  the 
water,  but  this  board  prevents  splashing,  and  thus  meets  one  of  the  greatest  objections 
thus  far  raised  to  the  wet  system.  Fly-breeding  and  feeding  are  prevented  by  the  lid, 
the  water,  and  the  film  of  oil.  This  oil  also  prevents  mosquitoes  breeding.  The 
faecal  matter  becomes  fermented  in  the  water  and  gradually  liquefies  ;  the  addition 
of  excreta  naturally  raises  the  level  of  the  liquid,  and  the  excess  flows  into  the  effluent 
tank,  where  it  is  protected  from  insects  by  the  cover  and  the  film  of  oil.  This  device 
solves  the  fly  and  mosquito  problem  so  far  as  the  privy  is  concerned.  It  liquefies 


Fig.  102.  L.R.S.  home  septic  tank,  intermediate  form.  Tropical 

Diseases  Bulletin. 


faecal  matter  and  reduces  its  volume  so  that  it  may  be  safely  disposed  of  more  easily 
and  cheaply  than  night-soil.  It  reduces  the  odour,  and  reduces  the  labour  of  cleaning 
the  privy.  It  is  simple  and  of  inexpensive  construction. 

The  effluent  can  be  disposed  of  by  boiling,  or  burial,  or  by  chemical  disinfection 
previous  to  burial,  when  necessary.1  Toilet  paper  seems  to  be  digested  by  the  process. 
It  is  estimated  that  the  amount  of  sludge  from  the  dejecta  of  a  family  of  five  people 
would  not  be  sufficient  to  require  the  cleaning  of  the  liquefying  tank  oftener  than  once 
in  six  months  to  a  year.’ 

The  next  move  was  to  construct  both  the  liquefying  and  collecting  tanks 
of  concrete  (fig.  102). 

So  far  as  they  function  as  anti-ankylostome  closets  these  ‘  Saigas  *  as  they 
are  called  owe  their  arrangement  to  the  fact  that  hookworm  eggs  and  larvae, 
being  heavier  than  water,  sink  to  the  bottom  of  the  container  as  the  excreta 
liquefy.  The  larvae  are  unable  to  swim. 

The  escape  of  any  floating  faecal  matter  which  may  still  contain  eggs  or 
larvae  is  prevented  partly  by  screening  and  partly  by  drowning  the  outlet. 

1  In  places  where  there  are  shallow  wells  and  the  effluent  is  run  out  upon  the  soil  the 
drain,  according  to  recent  work  by  Kligler,  should  be  placed  from  3  to  5  feet  above  the  ground 
water  level. 
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The  drowning  method  alone  is  employed  in  the  latest  development,  which 
is  termed  the  Kentucky  sanitary  privy  (fig.  103).  Here  the  reinforced  concrete 
tank  is  divided  into  three  compartments.  The  effluent  discharges  into  a  system 
of  drain  tiles  arranged  to  distribute  the  effluent  under  the  surface  of  the  soil. 


Fig.  103.  Kentucky  sanitary  privy  or  L.R.S.  home  septic  tank.  Tropical  Diseases  Bulletin. 


The  design  would  be  improved  if  provision  were  made  for  cleaning  out  the 
tanks,  as,  in  process  of  time,  sludge  will  accumulate  in  them. 

Clayton  Lane  has  introduced  the  system  in  India  for  the  use  of  coolies  on 
tea  estates  at  Darjeeling  as  they  suffer  heavily  from  ankylostomiasis. 

He  conducted  various  experiments  in  an  effort  to  find  a  form  of  ‘  saiga  ’ 
alike  practical,  efficient,  and  economical.  Details  of  his  work  will  be  found 
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Fig.  104.  Simple  form  of  septic  tank  closet  devised  for  use  of  Indian 
coolies.  (Slightly  modified  after  Clayton  Lane  ) 
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in  the  Indian  Journal  of  Medical  Research,  Vol.  5,  1917-18,  but  attention  may 
here  be  directed  to  fig.  104,  which  shows  the  form  of  latrine  made  for  him  by 
Mr.  Griffin  and  patented  under  the  name  of  the  Aqua  Privy.  It  is  simple, 
adapted  to  native  needs,  and  possesses  a  drowned  outlet,  but  even  when  factory- 
made  of  reinforced  concrete  is  rather  expensive. 

As  will  be  seen,  the  liquefying  chamber  consists  of  a  cylinder  2  feet  in 
diameter  with  a  drowned  outlet  which  gives  it  a  depth  of  fluid  of  2  feet  6  inches. 
A  domed  cover  surmounts  the  liquefying  chamber  and  makes  a  good  squatting 
seat  for  coolies.  The  effluent  is  collected  through  a  pipe,  a  split  bamboo,  or 
some  such  contrivance,  into  a  receiving  vessel. 

The  Morgan  latrine  was  devised  to  cheapen  the  cost.  It  acts  on  the 
same  principle,  and  Clayton  Lane  gives  particulars  regarding  the  carpentry 
and  mason  work  required,  which  enable  the  latrine  to  be  built  economically 
when  a  number  are  erected  as  the  wooden  form  which  is  employed  in  building 
up  the  concrete  can  be  used  over  and  over  again. 

There  are  caste  difficulties  in  the  way  of  using  an  anti-splasher  on  the 
American  plan.  A  wire  net  just  below  water  level  has  been  suggested  in 
its  place. 

Clayton  Lane  states  that  such  privies,  if  not  over-used  and  not  abused  by 
having  sticks  and  stones  thrown  into  them,  should  not  require  the  sweeper’s 
attention  more  often  than  once  a  year. 
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II.  REFUSE 


In  camps  refuse  must  be  collected  in  covered  receptacles.  Sacks  represent 
the  simplest  form  and  should  have  fly-proof,  self-closing  covers  (fig.  105).  Cresol 
drums,  biscuit  tins,  or  proper  garbage  cans  are  usually  employed.  The  trouble 
in  connexion  with  all  these  is  the  cover.  Even  if  it  fits  well  at  first  it  soon 
gets  damaged  and  fails  to  exclude  flies.  Hence  in  many  cases  it  is  advisable 
to  provide  covers  of  stout  sacking  or  canvas.  These  can  be  weighted  by  a  collar 
of  either  sand  or  earth,  and  fit  closely  like  caps  over  the  receptacles,  to  which 
they  can  be  attached  by  wire,  so  that  they  do  not  get  thrown  aside  and  lost. 
Covers  of  this  kind  can  be  soaked  in  eresol  solution  and  are  easily  replaced  if 
lost  or  damaged.  Special  care  must  be  taken  in  the  case  of  receptacles  intended 
for  kitchen  refuse.  They  should  be  set  on  small  concrete  platforms  or  wooden 
stands  and  be  placed  well  out  in  the  open  so  that  dirt  cannot  accumulate 
behind  them,  as  is  too  often  the  ease  when  they  are  close  to  a  building  or  tent. 
An  ingenious  type  of  refuse  bin  is  made  from  a  cresol  drum  fitted  with  hinged 
tin  flaps.  These  open  when  refuse  is  thrown  on  them  and,  being  counterpoised, 
are  self-closing  (Brown).  Their  upper  surfaces  should  be  coated  with  heavy  oil. 

Various  forms  of  receptacles  are  used  for  street  sweepings  and  other  garbage 
in  the  case  of  villages  and  small  towns  in  the  tropics.  In  hot  countries 
decomposition  is  more  rapid,  and  vegetable  debris,  market  refuse  of  all  kinds, 
bazaar  filth  and  so  forth  quickly  become  offensive  and  attract  flies.  They 
also  afford  food  for  rats.  Speedy  and  systematic  collection  and  removal  is, 
therefore,  very  important. 

A  cheap  and  fairly  effective  type  of  dust-bin  is  shown  in  fig.  106.  If  the 
floor  is  concreted,  and  if  the  receptacle  is  not  roughly  handled  by  the  scavengers, 
it  serves  a  useful  purpose,  though  it  is  only  an  improvisation. 

A  good  sanitary  bin  should  be  of  stout  metal,  be  fed  from  the  top  through 
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an  opening  with  a  flap  lid,  have  a  large  guarded  opening  below  through  which 
it  is  emptied  and  be  cylindrical  in  shape  so  that  it  can  be  easily  and  thoroughly 
cleared.  Receptacles  which  can  be  lifted  when  full  so  that  their  contents  can 
be  dumped  into  carts  are  either  too  small  to  be  of  much  use  or  so  light  that  they 
are  liable  to  be  blown  over  by  the  wind  and  to  be  damaged  by  the  careless 
sweeper. 

A  useful  type  of  receptacle  is  semi -cylindrical  in  shape  with  a  flat  front. 
If  this  form  be  employed  the  opening  through  which  it  is  cleared  should  run 
the  whole  length  of  the  front.  Otherwise  angles  are  left  at  either  side  in  which 
refuse  often  accumulates,  being  overlooked  or  disregarded.  Fig.  107  shows 
a  quadrangular-shaped  dust-bin  where  this  form  of  opening  is  present.  All 


Fig  105.  Refuse  receptacles  for  camps  or  trenches.  (Modified  after  Pike.) 

dust-bins  should  be  placed  well  away  from  dwelling  houses  and  must  be  emptied 
at  least  once  a  day.  In  the  tropics,  tins,  broken  bottles,  and  other  water¬ 
holding  utensils  must  be  carefully  scavenged,  as  they  readily  become  breeding 
places  for  mosquitoes. 

REMOVAL. 

The  contents  of  garbage  cans  are  usually  emptied  into  carts.  It  is 
essential  that  these  be  covered.  As  a  rule  they  are  open  and  their  contents, 
even  if  not  attractive  to  flies,  are  very  apt  to  be  blown  out  of  them.  A  cover 
of  rabbit  netting  or  interlaced  bhoosa  bands,  i.  e.  the  metal  straps  used  to 
bind  bundles  of  forage,  serves  to  lessen  this  nuisance,  though  it  soon  gets  damaged. 
Where  the  number  of  carts  is  limited  the  carrying  capacity  of  each  may  be 
increased  by  heightening  the  sides.  This  is  conveniently  done  by  means  of 
rabbit  netting  stretched  between  upright  metal  rods  in  the  form  of  screens. 
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Fig.  106.  Improvised  street  refuse  bin. 


Fig.  107.  Type  of  sanitary  refuse  bin  as  employed  in  Port  of  Spain,  Trinidad 
B.W.I.  Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 
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If  the  place  of  disposal  is  at  some  distance,  a  tramway  system  may  be 
adopted,  the  carts  discharging  into  special  trolleys  which  are  drawn  by  mule 
or  camel  to  the  required  destination. 

DISPOSAL. 

In  the  case  of  seaside  places  it  may  be  possible  to  discharge  the  refuse  out 
at  sea  ;  boats,  barges,  or  hopper  barges  being  used  for  the  purpose. 

Some  kinds  of  camp  refuse  may  be  buried  in  pits  3  feet  cube,  but  kitchen 
waste  is  best  burned  in  an  incinerator. 

Although  condemned  by  some  tropical  sanitarians  there  is  a  good  deal 
to  be  said  for  the  method  of  getting  rid  of  refuse  by  utilizing  it  for  the  filling 
up  of  low-lying  lands,  hollows,  and  more  especially  swamps,  provided  this  can 
be  done  at  a  reasonable  distance  from  the  inhabited  area  and  under  proper 
supervision.  If  not  properly  carried  out  the  system  may  be  productive  of 


Fig.  108.  Disposal  of  town  refuse  by  dumping  upon  a  swamp  area. 

Kingston,  Jamaica. 

great  nuisance  and  be  a  danger  to  health,  owing  to  fly  breeding  and  the  dis¬ 
semination  of  filth  by  the  wind,  but  with  due  precautions  it  may  be  made 
to  serve  a  most  useful  purpose  and  may  yield  some  return  from  the  financial 
standpoint,  owing  both  to  the  reclamation  of  land  and  to  its  improvement 
from  the  point  of  view  of  the  cultivator. 

It  is  not  merely  a  question  of  dumping  anyhow  but  of  proceeding  on 
a  definite  plan.  In  addition  to  deposit  it  may  involve  burning  of  the  com¬ 
bustible  material  or  careful  burial.  What  can  be  accomplished  in  the  first 
direction  is  shown  by  the  following  quotation  from  Macdonald  as  regards  the 
method  he  employed  for  swamp  reclamation  on  the  outskirts  of  Kingston, 
Jamaica,  a  piece  of  work  which  the  writer  was  able  to  inspect  and  which  is 
shown  in  progress  in  fig.  108. 

‘  The  mass  of  incombustible  material,  chiefly  trade  refuse,  old  iron,  tin  cans, 
bottles,  brick  rubble,  etc.,  is  roughly  sorted  out  at  the  edge  of  the  swamp  and  dumped 
first.  Next,  the  combustible  material  of  all  sorts  is  fired  on  the  edge,  and  as  it  is  fired 
the  ash  deposits  on  the  layer  of  incombustible  rubbish.  The  surface  is  next  covered 
over  with  incombustible  street  sweepings,  mainly  limestone  dust,  and  whatever  brick 
rubble  and  building  refuse  is  brought  to  the  dump. 
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In  this  way  an  irregular  and  unsightly  surface  is  avoided  by  deposit  of  the  gross 
indestructible  refuse  in  the  bottom  of  the  swamp.  The  great  bulk  of  the  organic 
matter  undergoes  combustion,  and  future  nuisance  from  decomposition  should  be 
averted. 

A  finished  surface  is  left  covered  with  dust  and  freed  from  the  dismal  tin  can, 
broken  bottle  and  old  iron  accumulations  that  are  a  frequent  unsightly  accompaniment 
of  city  deposit  grounds.  The  burial  of  all  tin  cans  removes  possible  breeding  places 
of  Stegomyia.  The  smoke  of  the  burning  material  blows  daily  and  a  little  by  night 
between  the  swamp  and  the  city,  and  may  prove  a  barrier  to  the  flight  of,  at  any  rate, 
some  mosquitoes. 

The  reclamation  of  swamp  is  less  rapid  than  it  was  without  combustion,  but  the 


Fig.  109.  Horseshoe  incinerator  for  burning  rubbish.  Wellcome 
Bureau  of  Scientific  Research.  (Copyright.) 


reclamation  of  a  few  acres  each  year  with  safety  and  satisfaction  is  better  than  the 
filling  in  of  three  times  as  much  with  uncertainty  of  residt. 

The  land  will  never  be  used  for  residential  building  without  the  consent  of  the 
Health  Authority  ;  some  of  it  may  come  under  cultivation,  and  the  seaboard  will  no 
doubt  in  time  be  utilized  in  the  construction  of  wharves,  piers  and  store  premises. 

Not  a  fly  is  to  be  seen  on  the  deposit  ground  ;  a  great  advantage,  seeing  that 
the  average  dumping  grounds  of  city  refuse  swarm  with  myriads  of  flies.  Goats  and 
old  women  are  tolerated  on  the  ground,  but  pigs  are  driven  off,  their  rooting  habits 
being  a  serious  detriment  to  the  finish  of  the  deposit  ground.’ 

In  filling  up  a  swamp  it  is  important  to  begin  the  work  in  the  dry  weather, 
and  where  it  can  be  managed  it  is  a  good  plan  to  build  a  small  embankment 
to  prevent  water  from  encroaching  on  the  portion  undergoing  reclamation. 
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The  advancing  face  of  the  refuse  should  always  be  covered  by  earth.  In  the 
ease  of  very  deep  swamps  Clarke  recommends  preliminary  drainage  where 
this  can  be  carried  out,  or  the  use  in  the  first  instance  of  sand  or  earth  followed 
by  the  refuse.  He  further  states  that  in  filling  a  swamp  it  is  better  to  lay  down 
a  2  ft.  layer  of  refuse  with  1  ft.  of  earth  over  it,  dealing  in  this  way  with  the 
whole  area,  rather  than  to  attempt  to  fill  in  at  once  up  to  the  level  of  the 
adjoining  land.  When  the  level  of  the  whole  area  of  the  swamp  has  thus  been 
raised  it  can  be  left  for  a  period  varying  from  six  months  to  a  year.  Then  if 
trial  pits  sunk  in  it  and  left  open  for  a  few  days  show  no  offensiveness  and  do 
not  attract  flies  the  level  can  be  raised  by  another  3  ft.,  and  so  on  until  it  is 
flush  with  the  surrounding  ground. 

o  o 


Fig.  110.  Bad  type  of  open  incinerator,  presenting  facilities  for  fly  breeding. 


Such  reclaimed  land  may  possess  agricultural  value  or  be  kept  as  an 
open  space. 

The  method  of  burial  is  apt  to  be  discredited  because  too  often  it  is  not 
properly  carried  out.  If  the  refuse  is  buried  too  deeply  or  in  too  thick  a  layer 
disintegration  is  retarded  and  gases  may  be  evolved.  The  layer  should  be  not  more 
than  3  ft.  deep  and  the  depth  of  earth  covering  it  should  be  not  less  than  9  inches. 
It  is  important  to  cover  daily  the  advancing  face  of  the  refuse  layer.  This  is  often 
neglected  and  a  nuisance  thereby  produced  as  the  smell  of  the  uncovered  garbage 
is  offensive  and  flies  are  attracted  to  the  spot.  A  good  dry  loam  forms  the 
best  covering.  Sand  is  not  very  suitable,  for  it  gets  blown  away  and  surface 
sand  does  not  contain  in  sufficient  quantity  the  organisms  which  bring  about 
disintegration  and  resolution.  In  the  case  of  buried  refuse  it  is  an  advantage 
to  treat  the  earth  covering  it,  which  should  be  well  stamped  down,  with  kerosene, 
using  2  pints  per  square  yard  of  surface. 

Disposal  by  incineration  has  much  to  commend  it,  but  is  an  unproductive 


REFUSE 


187 


method  save  that  the  ash  may  be  used  for  filling  up  depressions.  In  countries 
where  there  is  much  sand  street  refuse  gets  so  mixed  with  it  that  it  becomes 
necessary  to  riddle  the  refuse  or  separate  out  by  some  other  means’ what  is 
combustible.  When  this  is  being  done  papers  are  apt  to  be  blown  about  and 
an  unsightly  state  of  things  results.  Hence  the  erection  of  a  screen  of  wire 
netting  down  wind  from  the  sorting  place  is  often  a  useful  provision,  as  the 
papers  get  intercepted. 


Fig.  111.  Open  incinerator  placed  on  cement  base  to  prevent  fly  breeding. 
This  circular  type  is  useful  as  there  are  no  corners  in  which  unincinerated  material 
is  apt  to  lodge. 


The  question  of  large  destructors  with  forced  draught  cannot  be  here  con¬ 
sidered.  They  can  be  employed  only  by  large  and  comparatively  wealthy 
communities.  For  camps,  villages  and  small  towns  either  closed  or  open 
incinerators  may  be  used.  The  former  have  already  been  discussed,  for  the 
types  suitable  for  burning  excreta  can  also  be  utilized  for  the  cremation  ol 
refuse,  at  least  when  comparatively  small  quantities  have  to  be  destroyed. 

Save  in  the  case  of  manure,  open  incinerators  must  be  looked  upon  rather 
as  improvisations,  for  they  waste  fuel  and  are  apt  to  give  rise  to  smoke  and 
offensive  smells,  while  their  contents  are  exposed  to  rain  and  wind. 
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Probably  the  simplest  type  is  the  horseshoe  (fig.  109),  where  the  refuse  is 
burnt  on  the  ground  behind  a  curved  wall  of  mud  or  brick  against  which  the 
breeze  plays.  This  form  can  be  made  more  efficient  by  the  introduction  of 
a  4  frog  ’  at  the  centre  of  the  entrance  to  the  bay.  Such  an  arrangement  intensi¬ 
fies  the  draught.  Fig.  110  exemplifies  a  very  bad  type  of  open  incinerator  built 
of  loose  stones.  It  speedily  becomes  a  fly  nursery.  Indeed  the  medical  officer 
shown  in  the  illustration  is  collecting  fly  larvae  migrating  from  it. 


Fig.  112.  Field  incinerator  for  burning  refuse,  with  cover  of  interlacing 
blioosa  bands.  Wellcome  Bureau  of  Scientific  Research.  (Copyright.)  The 
cover  effectually  prevents  paper  and  straw  being  blown  about  by  high  winds. 
There  is  a  small  door  in  the  cover  through  which  the  incinerator  is  fed. 


In  the  case  of  open  incinerators  it  is  remarkable  how  close  to  the  fire  flies 
will  breed  and  hatch  out.  Many  larvae  and  pupae  can  often  be  found  just 
outside  the  zone  of  ash  amongst  the  fringe  of  refuse  which  has  not  been  con¬ 
sumed.  Hence  such  incinerators  require  very  careful  attention.  As  in  the 
case  of  closed  incinerators  a  few  types  are  here  illustrated  and  descriptive 
notes  are  attached.  Figs,  111  and  112  and  116  to  119. 

The  collection,  removal,  and  disposal  of  manure  are  so  intimately  bound 
up  with  the  question  of  flies  that  it  is  advisable  to  discuss  these  subjects  in  the 
next  chapter. 
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CHAPTER  9 

PREVENTION  AND  DESTRUCTION  OF  VERMIN 

Synopsis  :  Bats,  p.  189  ;  Snakes,  p.  189  ;  Leeches,  p.  190  ;  Scorpions,  p.  190  ;  Centipedes, 
p.  190 ;  Spiders,  p.  190 ;  Ticks,  p.  191  ;  Mites,  p.  191  ;  Termites,  p.  192  ;  Ants,  p.  192  ;  Cock¬ 
roaches,  p.  193  ;  Small  biting  flies,  p.  194  ;  Non-biting  flies,  p,  195  ;  Horse  manure,  p.  195  ; 
Prophylactic  measures  against  flies,  p.  206  ;  Destructive  measures,  p.  206. 

In  its  widest  medical  sense  the  word  vermin  signifies  all  forms  of  animal 
life  which  are  noxious  or  offensive  to  man.  Amongst  the  mammals,  bats  and 
rats  are  good  examples ;  amongst  reptiles,  snakes  may  be  mentioned ;  scorpions 
and  ticks  figure  amongst  the  arthropods,  while  insects  may  be  represented  by 
house-flies,  lice,  bed-bugs,  cockroaches,  and  mosquitoes. 

Some  of  these  vermin  are  definitely  associated  with  important  human 
diseases,  for  example,  rats  and  plague,  and  these  are  conveniently  discussed 
together.  Some  are  considered  separately  and  their  prevention  and  destruction 
are  subjects  naturally  following  accounts  of  their  life-histories.  There  remains 
a  certain  number  which  for  various  reasons  are  included  in  this  chapter  so 
far  as  remedial  measures  against  them  are  concerned. 

Bats,  snakes,  leeches,  scorpions,  centipedes  (Scolopendrida?),  spiders, 
ticks,  mites,  termites,  ants,  cockroaches,  such  biting  flies  as  the  Culicoides , 
Phlebotomies ,  and  the  Simuliidge,  and  non-biting  flies,  as,  for  example,  Musca 
domestica,  receive  attention. 

Bats.  In  many  parts  of  the  tropical  world  bats  constitute  a  veritable 
scourge.  The  vampire  or  blood-sucking  bat  of  South  America  ( Desmodus  rufus), 
though  occasionally  troublesome  to  travellers,  is  insignificant  as  a  pest  compared 
with  the  colonies  of  various  species  of  bats  which  take  possession  of  houses  and 
other  buildings.  A  house  badly  infested  by  bats  soon  acquires  a  most  loathsome 
and  penetrating  odour,  which  may  be  so  intolerable  that  its  human  inhabitants 
are  forced  to  quit  it.  In  addition,  the  scufflings  and  squeakings  of  hundreds 
of  bats  are  very  disturbing  and  trying  to  the  nerves.  (Figs.  14,  15,  16,  17.) 

As  bats  usually  harbour  in  the  space  under  the  roof  it  is  very  necessary  to 
see  that  all  entrances  thereto  are  securely  screened  and  that  the  screens  are 
kept  in  good  repair.  This  is  better  than  the  introduction  of  glass  windows  in 
the  roofs,  a  preventive  measure  employed  in  Uganda.  Access  to  cavities  between 
double  walls  must  be  prevented.  Bat-proof  houses  have  been  designed  and 
are  most  desirable  in  certain  places.  The  suggestion  has  been  seriously  put 
forward  that,  in  localities  where  bats  are  a  pest,  it  would  be  well  to  erect 
‘  bateries  ’  in  the  form  of  wooden  towers  with  dark  interiors  and  suitable 
openings  guarded  by  falling  shutters.  The  construction  of  these  towers  would 
be  such  as  to  present  every  facility  for  bats  to  rest  and  nest  in  them.  They 
could  be  placed  near  the  spot  where  the  bats  hawk  at  night,  as,  for  example, 
on  river  banks.  The  idea  is  that  when  such  a  tower  is  full  of  sleeping  bats  the 
shutters  could  be  closed  and  the  whole  colony  exterminated  by  fumigation  with 
sulphur  or  hydrocyanic  acid  gas.  Before  any  such  method  is  adopted  the 
possible  effect  of  such  a  wholesale  destruction  of  bats  should  be  considered, 
for  it  might  lead  to  a  great  increase  in  the  number  of  mosquitoes,  of  which  bats 
devour  large  quantities. 

Snakes.  As  already  stated,  a  belt  of  gravel  round  a  house  helps  to  keep 
snakes  out  of  it.  A  tent  can  be  protected  by  a  trench  with  vertical  sides.  The 
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clearing  of  grass  and  undergrowth  lessens  the  risk  of  snakes,  while  avoidance 
of  sleeping  on  the  ground,  the  use  of  a  mosquito  net  and  routine  examination 
of  boots  and  bedding,  especially  sleeping-bags,  are  precautionary  measures 
against  these  reptiles.  Their  destruction  is  aided  by  the  introduction  of  the 
mongoose. 

Leeches.  In  considering  the  question  of  clothing  the  land  leech  of  Ceylon 
was  mentioned.  This  Asiatic  leech,  Hcemadipsa  zeylanica,  which  ranges  from 
India  and  Ceylon  as  far  east  as  Japan,  the  Philippines  and  Sunda  Island,  is 
a  very  troublesome  and  indeed  dangerous  species  of  vermin.  Its  small  size — 
it  is  about  one  inch  long  and  as  thick  as  a  knitting  needle — its  power  of  penetrating 
through  interstices  in  clothing  and  its  vast  numbers  make  it  a  foe  difficult  to 
fight,  while,  its  bite  being  painless,  much  blood  may  be  lost  before  the  intruders 
are  discovered.  No  form  of  civilian  laced  boot  or  well  applied  puttee  serves 
wholly  to  exclude  these  voracious  creatures.  Military  boots  of  a  type  affording 
not  the  slightest  means  of  access  to  the  skin,  and  so-called  top  boots  and  gum 
boots  fastening  tightly  at  the  top  will  keep  them  out  in  some  measure,  but  as 
they  climb  trees  and  plants  and  wait  perched  on  the  leaves  for  their  victims 
to  pass  they  may  gain  an  entry  above  the  level  of  the  boot.  In  countries  where 
they  abound  it  is  therefore  necessary  to  be  on  one’s  guard,  especially  if  one 
is  in  the  rear  of  a  party  passing  through  a  land-leech  area,  for  the  advanced 
members  are  not  so  likely  to  be  attacked  by  great  numbers  of  these  pests.  In 
Nepal  the  women  carry  a  powder  of  common  salt  and  wood  ashes  which  they 
sprinkle  on  leeches  that  have  fastened  on  them  and  so  cause  them  to  relinquish 
their  hold.  The  traveller  in  leech  countries  should  be  provided  with  a  solution 
of  salt  or  of  weak  acid.  It  is  a  mistake  to  try  to  drag  the  leeches  off  the  skin 
as  parts  of  the  biting  apparatus  are  apt  to  be  left  behind  and  set  up  inflammation 
and  suppuration.  It  is  advisable  to  apply  an  antiseptic  to  the  site  of  a  leech  bite. 

In  forests  where  they  abound  jDrotective  measures  must  be  taken  at  night, 
for  men  sleeping  unguarded  have  perished  as  a  result  of  their  attacks.  Hence 
a  properly  adjusted  mosquito-net  of  very  fine  mesh  is  indicated. 

It  should  be  noted  that  these  leeches  are  found  in  upland  regions  and  vanish 
during  the  dry  season. 

The  tropical  water  leech,  Limnatis  nilotica,  has  a  western  limit  in  the  Azores 
and  Canary  Islands  and  is  found  throughout  northern  Africa,  Palestine,  Syria, 
Armenia,  and  Turkestan.  It  is  known  to  have  occurred  in  the  Gallipoli  Peninsula 
during  the  late  war.  The  leech,  which  may  attain  a  length  of  4  inches  (10  cm.), 
is  swallowed  along  with  drinking  water  and  usually  fastens  on  the  mucous 
membrane  of  the  mouth,  pharynx,  or  larynx.  Prevention  consists  in  passing 
the  drinking  water  through  a  piece  of  muslin  or  similar  kind  of  sieve.  Shipley 
states  that  a  species  of  carp  (C  apo  eta  f rater  cula)  is  used  for  keeping  these  leeches 
in  cheek  in  the  pools  and  reservoirs  of  certain  districts. 

Scorpions.  All  that  need  be  said  here  about  scorpions  is  that  boots,  shoes, 
and  slippers  should  be  carefully  shaken  and  examined  every  morning  in  places 
where  there  is  a  risk  of  these  creatures  being  present.  As  a  rule  they  disappear 
from  settled  localities  where  there  is  considerable  traffic.  When  camping  out 
bedding,  more  especially  blankets  and  sleeping-bags,  should  be  scrutinized 
to  see  it  does  not  harbour  these  vermin.  The  same  remarks  apply  to  Centipedes. 

Spiders.  The  spiders  poisonous  to  man  belong  chiefly  to  the  genus  Latro- 
dectus,  but  in  Peru  Gliptocranium  gasteracanthoides,  the  ‘  pruning  spider 
has  been  shown  to  be  dangerous.  The  only  preventive  method  is  to  avoid 
being  bitten,  and  for  this  purpose  it  is  well  to  know  that  in  Colombia  and 
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probably  elsewhere,  Latrodectus  harbours  under  the  flange  of  railway  rails. 
It  also  nests  amongst  rocks,  in  holes  in  the  ground,  amongst  cacti  and  other 
vegetation.  The  c  pruning  spider  ’,  so  called  because  it  hides  on  the  under  side 
of  vine-leaves,  is  found  in  vineyards.  It  may  occur  on  the  ground  under  fallen 
leaves. 

Ticks.  The  tick  deserving  most  attention  is  Ornithodorus  moubata ,  the 
vector  of  Spironema  recurrentis  ( duttoni ),  which  is  the  cause  of  Central  African 
relapsing  fever  (tick  fever). 

Prophylaxis  is  as  follows  : 

Avoid  the  neighbourhood  of  native  huts  and  of  rest-houses.  Native  bedsteads 
of  wood  with  string  or  hide  are  dangerous.  If  used,  their  legs  should  be  smoothed 
to  prevent  ticks  climbing  up  them.  It  is  best  to  employ  a  hammock.  Sleeping 
on  the  ground  favours  infection.  A  mosquito-net  is  useful  as  it  prevents  the 
access  of  ticks  during  the  night.  Bandas  should  be  constructed  in  such  a  way 
as  to  lessen  the  chances  of  tick  infestation.  For  example,  the  reed  walls  of 
huts  and  bandas  should  be  so  constructed  as  not  to  reach  the  ground^  so  that 
a  space  of  8  or  10  inches  will  intervene  between  the  latter  and  the  bottom  of 
the  walls.  Mud  and  rubble  buildings  are  inadmissible.  Floors  should  always 
be  raised  6  or  8  inches,  and,  if  not  of  cement,  beaten  hard  and  kept  clean. 
Two  observers,  Manson  and  Thornton,  as  a  result  of  their  experience  in  Dar-es- 
Salaam  strongly  recommend  floors  made  from  a  mixture  of  ant-heap  earth 
and  cow-dung.  The  former  was  beaten  hard  on  the  floor  to  a  depth  of  at  least 
4  inches  and  allowed  to  set.  Thereafter,  a  top  dressing  of  cow-dung  was  smeared 
over  the  whole  surface  to  a  depth  of  \  inch  in  a  liquid  condition,  and  afterwards 
the  surface  was  treated  once  weekly  with  a  watery  solution  of  cow-dung  to 
maintain  it  in  good  order.  A  trench  with  perpendicular  sides  dug  round  a  banda 
or  hospital  ward  and  filled  with  wood  ash  has  been  found  useful  in  keeping 
wandering  ticks  away.  The  use  of  a  night-light  is  recommended. 

Camps  should  be  placed  as  far  distant  as  possible  from  native  villages  and 
from  buildings  known  to  harbour  the  tick  vectors.  Periodical  inspections  of 
packs  and  blankets  should  be  held.  Temporary  infected  buildings  in  lines  and 
camps  are  best  burned  down.  The  ground  can  be  fired  in  situ  or  the  floors 
dug  up  to  a  depth  of  several  inches,  removed  and  pitted  or  treated  with  fire, 
care  being  taken  that  ticks  do  not  migrate  during  the  process.  In  permanent 
buildings  fumigation  with  pyrethrum  powder  may  be  employed. 

The  same  rules  apply  as  regards  Argas  persicus,  which  has  been  supposed 
to  convey  the  spirochsete  of  relapsing  fever  in  parts  of  Palestine,  and  possibly 
also  in  Cilicia,  and  to  be  the  tick  concerned  in  spreading  the  Persian  disease 
Miana,  which  is  apparently  a  relapsing  fever.  Several  species  of  tick  either  in 
the  adult  or  larval  stage,  and  more  especially  in  the  latter,  constitute  themselves 
nuisances  to  persons  passing  through  long  grass  and  undergrowth.  The  same 
is  true  of  certain  Mites,  especially  perhaps  in  the  West  Indies.  They  gain  access 
to  the  skin,  to  which  they  attach  themselves  by  their  rostra  and  from  which 
they  must  be  carefully  removed.  There  is  no  special  preventive  method. 
The  feet  and  legs  should  be  well  protected,  and  after  a  day  in  the  open  the  skin 
generally  should  be  examined  to  see  that  no  ticks  are  adhering  to  it.  The  only 
means  of  destruction  is  by  firing  the  grass.  This  can  sometimes  be  done 
round  more  or  less  permanent  camps  in  the  vicinity  of  which  such  ticks  are 
troublesome. 

No  repellants  are  likely  to  prove  of  any  avail,  either  in  the  case  of  ticks  or 
mites.  Certain  species  of  mites  cause  skin  diseases,  and  where  the  insects  are 
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acquired  by  those  handling  grain,  copra,  raw  sugar,  etc.,  gloves  can  sometimes 
be  used  as  protective  agents. 

Termites.  The  so-called  white  auts  of  the  tropics  differ  from  the  other 
vermin  under  consideration  in  not  being  directly  noxious  or  offensive  to  man. 
They  attack  his  handiwork  and  in  many  parts  of  the  tropics  are  a  serious  menace 
to  his  comfort  and  prosperity.  From  the  hygienic  point  of  view  the  chief 
preventive  measure  against  these  pests  is  their  exclusion  from  houses  but,  as 
Fuller  of  Natal  has  pointed  out,  there  is  no  hard  and  fast  rule  as  to  how  this  is 
best  done.  For  one  thing  houses  vary  greatly  in  construction,  for  another 
there  are  many  different  kinds  of  white  ants  and  it  is  probable  that  they  do 
not  all  follow  the  same  tactics.  Hence  in  any  plan  of  compaign  against  termites 
the  building  must  be  carefully  examined  and  the  manner  of  attack  studied 
before  remedial  measures  are  put  in  force.  The  true  prophylaxis  consists  in 
building  houses  immune  to  termites  and  this  is  done  by  constructing  them  on 
sound  hygienic  principles  (chap.  4),  for  the  termite  flourishes  chiefly  under 
dark  conditions  and  gains  access  where  there  are  flaws  in  the  workmanship. 
The  moVe  light  and  air  introduced  under  floors  and  verandas  the  better.  Both 
must  be  clear  of  the  soil,  and  concrete,  preferably  reinforced,  should  be  employed 
for  foundations. 

As  the  insidious  enemy  may  gain  a  footing  despite  all  precautions  floors 
should  be  laid  in  such  a  way  that  it  will  be  easy  to  get  below  them  if  it  becomes 
necessary  to  search  for  and  dig  out  the  termites’  nest.  By  this  means  the  queen 
termite  is  destroyed  and  the  brood  exterminated,  at  least  in  some  cases. 
Saturating  the  soil  under  floor  boards  with  solution  of  arsenic,  say  10  per  cent, 
is  sometimes  effective,  so  is  the  use  of  carbon  bisulphide  poured  into  places 
infested  by  the  insects,  the  fumes  being  prevented  from  escaping.  A  soil 
fumigant  called  apterite  has  been  recommended  but  a  more  effective  method 
is  pumping  fumes  of  arsenic  and  sulphur  with  a  mixture  of  carbon  monoxide  and 
dioxide  into  the  nest  galleries  from  a  fire  box  which  communicates  with  the 
tunnels  by  an  iron  pipe.  The  machine  employed  is  called  the  Universal  Ant 
Destroyer. 

Green  Willesden  canvas  protects  against  white  ants,  while  wood  is  best 
treated  by  means  of  arsenical  preparations  of  which  the  following  may  be 
mentioned  :  Arsenite  of  soda,  Atlas  Preservative  and  Demuth’s  Dip,  10  per 
cent  solution  in  each  case,  Cooper’s  Dip,  1  pint  to  9  gallons  of  water,  Alderson’s 
Cattle  Dip,  4  lb.  to  8  gallons  of  water. 

Tar  and  creosote  compounds,  of  which  solignum  is  an  example,  are  not 
reliable,  except  possibly  against  certain  species.  Native  woods  may  be  found 
which  termites  will  not  attack  and  these  can  sometimes  be  utilized  with 
advantage. 

Ants.  It  has  been  shown  experimentally  that  ants  can  carry  B.  typhosus 
and  V.  cholerce,  hence  it  is  important,  apart  from  their  depredations,  to  protect 
food-stuff s  from  these  vermin. 

Certain  species  of  tropical  ants  attack  man  and  inflict  severe  bites  with 
their  pincers,  but  these  do  not  call  for  notice  here. 

The  smaller  house-haunting  ants  can  be  kept  from  food  on  tables  by  tying 
paraffin-soaked  rags  round  the  legs  of  the  latter.  A  method  of  storing  food  in 
a  suspended  cage  guarded  by  an  oil  cup  is  shown  in  fig.  45  (p.  89).  The  cleaner 
a  house  is  kept,  especially  as  regards  the  littering  of  food  scraps  and  spilling 
of  such  stores  as  sugar,  the  fewer  ants  will  visit  it.  ‘Ant-routes’  into  houses 
should  be  blocked  up,  sprayed  with  paraffin  or  powdered  with  borax.  Some 
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insect  powders  on  the  market  are  very  deadly  to  small  house  ants.  Keating’s 
powder  is  often  useful  and  tartar  emetic  can  be  employed  as  a  poison  in  the 
form  of  a  sweetened  solution.  If  the  nest  can  be  found  it  should  be  destroyed. 
The  soil  over  and  around  it  is  dug  up  for  several  inches,  a  pint  of  petrol  and 
paraffin  poured  into  the  nest  and  a  light  applied.  If  the  nest  is  in  beams  or 
flooring  it  may  be  destroyed  by  boiling  water  or  benzene.  Recently  a  plague 
of  the  little  house  ant  or  4  Pharaoh’s  ant  ’  was  successfully  combated  at  Hartford 
in  the  United  States  of  America  by  the  use  of  the  following  solution  : 


‘  1  lb.  . 

125  grains 
1  qt.  . 

1  tablespoonful 


sugar 

arsenate  of  soda 

water 

honey. 


Dissolve  sugar  in  the  water  and  add  the  arsenate  of  soda.  Boil  until  sugar  and 
poison  are  all  dissolved,  then  add  the  honey.  The  addition  of  the  honey  is  said  to 
make  the  bait  more  attractive  to  the  ants.  When  cool  this  mixture  was  used  with 
bits  of  sponge  on  small,  shallow  dishes  and  two  or  three  dishes  placed  in  each  room. 
The  object  of  this  poisoned  bait  is  not  only  to  kill  the  ants  which  collect  and  carry  the 
syrup  back  to  the  nests,  but  also  the  young  and  the  queens  in  the  nest  which  feed  on  it.’ 
(Zappe.) 


Ants  are  often  a  great  nuisance  on  board  ships  in  the  tropics.  Salvado  found 
that  Clayton  gas  gets  rid  of  them. 

In  some  parts  of  the  tropics  the  black  garden  ant  ( Aphrenogaster  barbara) 
constitutes  itself  a  serious  nuisance  by  constructing  its  nest  on  a  garden  path 
or  tennis  lawn.  Hence,  the  following  note  by  H.  King  on  how  best  to  deal 
with  this  ant  may  prove  useful  : 


‘  Moisten  the  surface  soil  above  the  nest  by  pouring  one  or  more  buckets  of  water 
over  it.  Make  two  or  three  holes  into  the  nest  with  a  crowbar  or  pointed  stick,  to 
a  depth  of  about  18  inches  (45  cm.),  pour  into  each  of  these  holes  and  into  the  entrance 
holes  one  or  two  ounces  of  carbon  bisulphide,  and  spread  a  wet  blanket  over  the  nest 
to  prevent  the  fumes  from  escaping.  After  five  minutes  remove  the  blanket  and 
apply  a  lighted  match  or  piece  of  rag  at  the  end  of  a  stick  to  the  mouths  of  the  holes 
— the  vapour  will  explode,  shattering  the  nest  and  driving  poisonous  fumes  into  every 
corner  of  it.  As  soon  as  the  dull  report  made  by  the  explosion  is  heard,  the  blanket 
should  be  replaced  over  the  nest  and  left  for  half-an-hour. 

On  no  account  whatsoever  should  a  second  quantity  of  carbon  bisulphide  be  poured 
into  the  holes  after  an  attempt  has  been  made  to  ignite  the  fumes,  even  though  no 
explosion  has  been  heard. 

Commercial  carbon  bisulphide  is  a  heavy  yellow  liquid  which  vaporizes  at  ordinary 
temperatures,  the  vapour  being  poisonous.  With  air,  this  vapour  forms  an  explosive 
mixture.  To  prevent  evaporation  it  should  be  kept  covered  with  a  layer  of  water. 
Caution  must  be  used  in  dealing  with  this  insecticide,  and  no  fire — e.  g.  lighted  cigarette 
or  pipe — brought  near  it.’ 


Cockroaches.  These  have  the  same  predatory  habits  as  the  house  ants 
but  are  a  greater  nuisance,  being  practically  omnivorous  and  tainting  food 
with  which  they  come  into  contact.  The  ‘  roachy  ’  odour  is  due  partly  to  their 
excrement,  partly  to  a  fluid  exuded  from  the  insect’s  mouth,  and  partly  to  the 
presence  of  scent  glands.  Cockroaches  may  play  a  small  part  in  the  dissemina¬ 
tion  of  disease.  They  are  cunning  and  wary  creatures  and  it  is  not  always  easy 
,  to  kill  them  by  means  of  poison.  Still,  numbers  of  the  tropical  species  may  be 
destroyed  by  the  use  of  4  Common  Sense  Exterminator  ’  spread  on  pieces  of 
bread.  It  is  probably  a  phosphorus  paste.  A  sweetened  flour  paste  containing 
1  to  2  per  cent  of  phosphorus  has  been  shown  to  be  useful  in  cage  tests  but 
is  only  slightly  effective  in  room  tests  (Scott,  Abbott,  and  Dudley). 

Commercial  sodium  fluoride,  either  pure  or  diluted  one-half  with  some  inert 
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substance  such  as  powdered  gypsum  or  flour,  has  been  found  very  effective  in 
killing  roaches.  It  is  dusted  over  shelves,  tables,  floors,  and  the  runways  and 
hiding  places  of  the  insects  by  means  of  a  blower  or  dust  gun.  As  a  result  the 
roaches  leave  their  retreats,  rush  about  hither  and  thither,  evidently  in  a  state 
of  acute  discomfort,  and  in  a  few  hours  die.  It  is  believed  that  the  sodium 
fluoride  acts  both  as  a  stomach  poison  and  a  contact  insecticide  through  the 
breathing  pores. 

Borax  (1  part),  with  powdered  chocolate  (3  parts),  is  said  to  be  a  successful 
poison,  but  its  action  is  very  slow.  Pyrethrum  and  sulphur  are  also  used. 
Pure  pyrethrum  powder  must  be  employed,  for  its  effectiveness  is  greatly 
reduced  when  slightly  diluted.  For  sulphur  fumigation  9  oz.  of  sulphur  to 
1,000  cubic  feet  should  be  used.  Fumigation  is  useful,  especially  in  the  case 
of  ships.  The  holds  of  river  steamers  can  be  cleared  by  burning  sulphur  or 
pyrethrum  in  them.  Hydrocyanic  acid  gas  is  the  most  efficient  fumigant 
(see  Disinfection)  but  has  to  be  used  with  care.  The  fumes  of  carbon  bisul¬ 
phide  kill  roaches  readily  but  they  are  explosive  in  the  presence  of  fire  and 
poisonous  to  man.  If  carbon  bisulphide  is  used  it  should  be  distributed 
about  the  place  to  be  freed  in  open  vessels,  1  pound  (-453  kg.)  being  sufficient 
for  every  1,000  cubic  feet  (28-3  cubic  metres)  of  room  space.  Escape  of  fumes 
must  be  prevented  and  they  should  be  allowed  to  act  for  24  hours. 

Various  kinds  of  traps  are  employed,  all  operating  on  the  principle  of  easy 
access  and  prevented  escape.  The  4  beer  ’  trap  is  very  simple  and  consists  of 
a  deep  vessel  partially  filled  with  stale  beer,  which  is  very  attractive  to  cock¬ 
roaches.  A  number  of  sticks  are  placed  against  the  jar  and  bent  over  so  that  they 
project  into  the  interior  of  the  vessel.  The  cockroaches  climb  up  the  sticks  and 
slip  off  into  the  vessel  when  trying  to  get  at  the  bait.  A  more  elaborate  trap  is 
in  the  form  of  a  hollow  receptacle  so  constructed  that  roaches  trying  to  reach 
the  bait  in  a  central  cup  above  its  cavity  are  thrown  off  the  flanged  and  hinged 
rods  which  connect  this  cup  with  the  body  of  the  receptacle.  Falling  into  the 
cavity  they  are  unable  to  escape  and  can  be  killed  by  pouring  hot  water  on  them. 
A  baited  box  with  its  cover  replaced  by  four  glass  plates  sloping  towards  a  central 
opening  is  a  F rench  device.  The  insects  fall  from  the  glasses  into  the  box.  A  simple 
method  is  to  use  tins  with  sides  nearly  vertical  and  about  3  inches  in  height. 
Grease  the  bottoms  and  sides  with  rancid  butter  and  cockroaches  which  gather 
to  feast  on  the  bait  cannot  climb  out  owing  to  the  greased  sides. 

Small  biting  flies.  Certain  species  of  Culicoides,  more  especially  the  Cera- 
topogoninse,  the  so-called  sand-flies  (Phlebotomies),  and  the  flies  originally,  but 
none  too  aptly,  termed  sand-flies  (the  Simuliidae),  are  all  very  troublesome  in 
parts  of  the  tropics  though  the  Phlebotomies  flies  alone  are  definitely  known  to 
be  vectors  of  disease.  Preventive  measures  are  best  directed  against  breeding 
places  and  we  know  so  little  of  the  habits  of  Culicoides  that  nothing  definite  can 
be  said  regarding  them  in  this  connexion.  The  Phlebotomus  or  pappataci  flies, 
which  are  midges,  can,  however,  be  attacked  by  dealing  with  their  breeding- 
places.  Where  possible  remove  the  ruined  walls,  masonry,  heaps  of  rubble  and 
stones,  and  old  damp  latrines  which  harbour  the  larvae.  When  this  cannot  be 
done  treat  these  places  in  such  a  way  that  all  crevices  are  filled  up  as  by  pointing 
the  walls  if  of  stone,  plastering  them  smoothly  if  of  mud,  as  in  the  case  of  trenches 
and  dug-outs.  Rat-holes  and  ant-holes  should  be  abolished.  Clear  away  vege¬ 
tation  about  these  places  and  prevent  them  relapsing  into  their  former  state. 

Cracks  in  the  ground,  and  especially  in  black  cotton  soil,  should  be  filled  up, 
or,  if  this  is  impossible,  treated  with  kerosene  oil.  Cultivation  and  systematic 
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watering  prevents  cracks  from  re-forming.  Where  breeding-places  are  limited 
it  may  be  possible  to  make  advantageous  use  of  some  form  of  Flammenwerfer, 
as,  for  example,  a  powerful  painter’s  lamp,  or  the  Lucal  Comet  Heater  (p.  214). 
In  the  case  both  of  Culicoides  and  Phlebolomus  heavy  foliage  near  houses 
should  be  thinned,  as  it  affords  shelter,  ventilation  openings  near  the  ground 
level  should  be  screened  with  wire  gauze,  and,  where  it  can  be  tolerated, 
a  fine  mesh  net,  22  holes  to  the  linear  inch,  should  be  used  at  night.  It 
should  be  carefully  searched  with  the  help  of  an  electric  torch  after  getting 
inside  it,  special  attention  being  paid  to  the  angles  formed  by  the  top 
and  sides  of  the  net.  An  electric  fan  is  useful,  especially  a  ceiling  fan,  which 
may  enable  one  to  dispense  with  a  net.  Screening  of  houses  for  these  small  flies 
is  not  a  feasible  method  in  hot  countries.  Avoid  lights  in  bedrooms  at  night  as 
much  as  possible,  for  lighted  lamps  attract  the  insects.  Traps  maybe  employed, 
biscuit  boxes  blackened  on  the  inside  and  placed  in  dark  corners  of  the  room 
being  useful.  The  opening  into  these  is  from  below  and  can  be  closed  by  a  flap. 
An  inspection  window  of  glass  or  celluloid  can  be  fitted  into  them.  Heavy 
furniture  should  stand  well  out  from  the  walls,  as  Phlebotomus  are  apt  to  hide 
behind  cupboards  and  sideboards,  and  frequent  cleaning,  dusting,  and  removal 
of  hangings  keep  the  flies  away.  Spraying  with  formalin  has  been  recommended. 
Tobacco  smoke  is  repugnant  to  them.  Places  badly  infested  can  be  fumigated 
by  sulphur.  The  best  repellant  is  probably  Vermijelli.  Oil  of  eucalyptus  is 
useful,  as  is  the  following  formula  : — 

R  :  01.  Anisi 

01.  Eucalypti  )>-  aa  Cfliij 
01.  Terebinth.  J 
Lanolini 

Howlett  recommends  oil  of  cassia.  A  lump  of  camphor  may  be  taken  to  bed  as 
the  flies  dislike  its  odour. 

The  breeding-places  of  Simuliidse  can  rarely  be  attacked  to  good  purpose, 
for  they  are  usually  too  extensive.  In  the  Dongola  Province  of  the  Sudan,  for 
example,  many  miles  of  the  rocky  bed  of  the  Nile  serve  as  nurseries  for  Simu- 
lium  griseicollis.  In  the  case  of  small  streams  the  water-level  may  be  raised  and 
breeding-places  in  this  way  eliminated.  The  Simuliidse  do  not  haunt  houses.  In 
the  open  some  essential  oil  should  be  used  as  a  repellant.  Natives  burn  torches 
to  drive  off  these  pests,  and  where  they  are  very  bad,  as  in  Dongola,  it  may  be 
necessary  to  wear  head  veils. 

Non-biting  flies  (chap.  20).  It  is  only  necessary  here  to  consider  the  house-fly, 
Musca  domestica,  and  other  species  of  Muscidse  possessing  similar  habits,  such 
as  Fannia  canicularis,  the  lesser  house-fly,  and  F.  scalaris,  the  latrine  fly. 

The  proper  way  of  dealing  with  flies  of  this  class  is  to  destroy  them  in  their 
breeding-places,  though  when  these  cannot  be  attacked  it  may  be  necessary  to 
have  recourse  to  other  methods.  Under  ordinary  conditions  of  civil  life  it  is 
probable  that  throughout  the  tropics  human  excrement  forms  the  chief  breeding- 
place  of  flies.  As  in  temperate  climates,  however,  horse  manure  is  a  very  fertile 
source  of  these  insects,  and  as,  under  certain  conditions  in  the  tropics,  i.  e.  during 
campaigns,  its  importance  as  a  breeding-place  is  greatly  enhanced,  it  is  conve¬ 
nient  in  the  first  instance  to  consider  how  it  is  best  handled  from  the  point  of 
view  of  fly  prevention  and  destruction. 

Horse  manure.  As  in  the  case  of  ordinary  refuse  local  conditions  must  to 
a  large  extent  govern  the  method  to  be  followed.  Measures  which  can  be  adopted 
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with  impunity  under  dry  conditions  may  prove  disastrous  if  introduced  in  humid 
places  with  much  rainfall.  It  is  impossible  here  to  do  more  than  give  brief 
accounts  of  the  various  methods  employed.  The  medical  officer  must  use  his 
own  judgement  as  to  what  is  applicable  in  his  locality. 

There  should  be  a  daily  removal  of  the  collected  horse  dung  and  litter  from 
stables  or  horse  lines.  Collection  from  the  latter  should  be  frequent,  and  the 
horse  lines  themselves  should  be  as  far  as  possible  from,  and  on  the  lee  side  of, 
camps.  In  the  case  of  camps  the  manure  should  be  collected  on  an  impervious 
platform  which  has  a  raised  edge  on  three  sides.  Lelean  has  the  following  notes 
regarding  this  drying  platform  which  deprives  fly  larvie  of  facilities  for 
development  : 

‘  1.  Suitable  dimensions  are:  10  feet  square;  walls,  6  inches  high;  floor,  4  inches 
thick,  and  sloping  towards  the  front  edge  to  allow  moisture  to  drain  away. 

2.  It  can  be  made  of  a  mixture  of  1  part  sand  to  7  of  chopped  straw  (“  tibbin  ”), 
mixed  with  the  minimum  of  water  to  give  plasticity.  Addition  of  1  part  of  cement 
gives  a  hard  smooth  surface.  It  should  be  allowed  to  dry  in  the  sun  for  24  hours, 
and  drying  then  completed  by  burning  litter  on  the  surface.  The  less  water  that  has 
been  used  in  mixing,  the  less  likelihood  will  there  be  of  cracks  forming  and  needing 
to  be  filled  in  with  more  of  the  plaster.  Finally,  the  whole  surface  should  be  treated 
freely  with  heavy  oil. 

3.  Litter  should  be  spread  so  as  to  leave  a  clear  margin  of  1  foot  wide  at  the  edges, 
and  the  whole  surface  should  be  swept  clean  every  day. 

4.  This  platform  is  most  useful  in  hot,  dry  climates,  and  especially  for  horse 
manure  which  has  to  be  burnt.’ 

A  sloping  or  pent  roof  of  corrugated  iron  can  be  provided  if  there  is  risk  of 
soakage  from  rain. 

Covered  concrete  platforms  are  indicated  wherever  the  conditions  are  more 
or  less  permanent. 

When  manure  is  being  removed  to  a  place  of  disposal  it  is  a  great  advantage 
to  place  it  in  sacks.  Flies  are  kept  from  getting  at  it  and  fragments  of  manure 
are  not  jolted  out  of  carts  or  other  vehicles. 

Spreading.  In  dry  weather  if  plenty  of  hard,  level  ground  is  available, 
manure  can  be  spread  out  in  a  thin,  uniform  layer  not  more  than  1  inch  thick 
and  exposed  to  the  desiccating  action  of  sun  and  wind.  The  direct  rays  of  the 
sun  are  rapidly  fatal  to  flies’  eggs  and  dry  manure  is  neither  attractive  to  flies 
nor  can  fly-maggots  exist  in  such  manure.  The  layer  of  manure  should  be  well 
raked  over  on  the  same  day  as  it  is  laid  down  and  also  on  two  following  days  in 
order  to  break  up  nodules  of  dung  which  otherwise  may  retain  moisture.  It  is 
best  to  mark  out  a  rectangular  area  of  a  size  sufficient  to  take  a  single  day’s 
output  of  manure.  When  this  has  been  ascertained  define  three  other  areas  of 
the  same  size  alined  on  the  first.  A  12-foot  roadway  should  be  left  between 
adjacent  areas.  On  area  No.  1  goes  the  first  day’s  output,  on  areas  2,  3,  and  4 
the  outputs  for  their  respective  days.  On  the  fifth  day  the  manure  is  spread  on 
No.  1,  the  sixth  day’s  collection  will  go  on  No.  2,  and  so  on  in  rotation.  When 
the  stacks  of  dry  manure  reach  an  inconvenient  height  fresh  areas  are  selected 
and  brought  into  operation. 

A  modification  of  this  method,  which  has  the  advantage  of  making  a  definite 
use  of  the  manure,  can  be  employed  in  sandy  regions,  where  dry  manure  makes 
excellent  roadways  and  can  be  laid  as  tracks,  provided  each  fresh  layer  is  not 
more  than  one  inch  in  depth  and  is  never  deposited  on  a  previous  one  till  the 
latter  is  thoroughly  dry. 

Earthing.  Pile  the  manure  in  heaps  of  convenient  size  and  cover  with  a 
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uniform  layer  of  oiled  earth  or  sand  at  least  6  inches  thick.  The  earth  should 
not  be  lumpy  as  otherwise  the  layer  will  be  fissured  in  places.  Heavy  oil,  such 
as  solar  oil  (kerosene  with  the  inflammable  benzenes  removed),  green  oil,  blast¬ 
furnace  oil,  or  tar  oil  should  be  used,  one  measure  of  oil  to  40  measures  of  dry 
earth  or  sand.  The  layer  must  be  well  beaten  down  upon  the  manure. 

Burying.  Deep  pits  must  be  provided  and  each  layer  of  manure  should  be 
covered  with  a  layer  of  oiled  earth  and  pounded  hard  or  should  be  well  sprayed 
with  Solution  6  C  ’,  which  is  creosote  oil  mixed  with  bases  derived  from  4  light 
oil  (see  Disinfection,  p.  217). 

Spraying.  Foreman,  Graham  Smith,  and  Mellor  have  shown  that  creosote 
oil  mixture  may  be  successfully  employed  for  the  ‘  incremental  ’  treatment  of 
fresh  manure  at  the  rate  of  one  gallon  to  the  ton.  It  is  said  that  the  smell  which 
attracts  the  flies  is  considerably  diminished,  most  of  the  eggs  already  deposited 
are  killed,  and  a  large  proportion  of  the  maggots  which  do  hatch  die. 

It  is  probable  that  this  is  the  best  spray  solution  for  manure,  but  in  its 
absence  cresol  may  be  tried,  one  gallon  of  a  5  per  cent  solution  being  sprayed 
every  evening  on  each  square  yard  of  surface  of  manure  deposited  daily.1  The 
manure  should  be  heaped,  beaten  smooth  on  the  surface,  and  sprayed  with  con¬ 
siderable  force  vertically.  The  ground  round  the  heap  should  also  be  sprayed. 
Borax  and  arsenite  of  soda  solutions  have  also  been  used,  but  cannot  be  relied 
upon  in  the  tropics.  Indeed,  it  must  be  remembered  that  unless  spraying  is 
very  efficiently  carried  out  it  may  do  harm,  for  an  antiseptic  preparation  may 
check  the  natural  fermentation  which  occurs  in  manure  after  24  hours  and  which 
prevents  flies  from  laying  more  eggs  in  it.  Hence  spraying  may  prolong  the 
period  of  egg-laying  for  another  day  or  two. 

This  mention  of  a  fermentation  action  leads  to  the  consideration  of  another 
way  of  treating  manure,  which  is  a  biological  method. 

Close-packing.  It  must  be  noted  that  house-fly  larvae  leave  the  central 
portion  of  a  manure  heap  before  fermentation  becomes  vigorous,  for  they  cannot 
stand  a  temperature  of  37-7°  C.  (100°  F.).  They  therefore  work  their  way  to 
the  surface  and  about  the  sixth  day  descend  to  the  base  of  the  heap  to  pupate. 
Experiments  have  shown  that  the  house-fly  larva  exposed  to  50°  C.  (122°  F.) 
of  heat  generated  from  fermenting  horse  manure,  but  protected  from  the 
accompanying  gases,  is  killed  in  three  minutes  ;  in  contact  with  the  gases  it 
dies  in  one  minute  at  51°  C.  (123-8°  F.)  ;  in  five  to  seven  seconds  at  59°  C. 
(138-2°  F.)  ;  and  in  four  to  five  seconds  at  60°  C.  (140°  F.)  in  actual  contact  with 
the  hot  fermenting  manure.  In  a  closely  packed  heap  the  temperature  may  rise 
to  76-1°  C.  (169°  F.),  which  is  fatal  to  eggs  as  well  as  larvae. 

The  manure  should  be  close-packed  on  an  area  of  hard,  level  ground  or  on 
a  surface  prepared  by  puddling,  or  on  a  cement-concrete  base.  Save  in  the 
case  where  gutters  are  used  to  trap  migrating  larvae  (vide  infra)  the  dumping- 
area  should  extend  a  few  feet  beyond  the  base  of  the  heap.  Separate  dumps 
may  be  made  each  day  or  the  original  dump  extended  laterally.  The  height  of 
the  dump  should  not  exceed  five  feet,  the  sides  should  slope  slightly,  and  as  each 
load  is  delivered  it  is  beaten  down  and  sprinkled  with  water  if  the  weather  is  dry. 
The  sides  are  finally  beaten  flat  and  smoothed  with  shovels.  If  the  close-packing 
alone  fails  to  kill  all  the  larvie  and  they  begin  to  show  on  the  top  and  at  the  sides 

1  In  the  Army  cresol  is  now  issued  in  two  strengths,  one  having  a  carbolic  co-efficient  of  10 
to  12  and  the  other  a  co-efficient  of  3.  The  recommendations  for  use  in  France  were  as  follows  : 

ounces  to  the  gallon  of  the  first  and  1  pint  2£  ounces  to  the  gallon  of  the  second  for  spraying 
manure  heaps.  In  the  tropics  this  spray  would  probably  be  more  effective  if  somewhat  stronger. 
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of  the  heap  the  whole  outer  surface  should  be  turned  over  with  spades  and  the 
superficial  layer  buried  to  a  depth  of  five  or  six  inches,  the  mass  being  again 
beaten  and  smoothed.  This  should  be  done  daily  for  three  days  following  the 
deposit  of  the  dump. 

Another  auxiliary  method  is  to  cover  the  dump  with  a  layer  of  sacking  weighted 
with  stones  and  soaked  in  heavy  oil.  After  a  week  this  may  be  safely  removed, 
as  the  manure  is  4  dead  5  and  no  longer  attractive  to  flies. 

Yet  another  scheme  is  to  combine  close-packing  with  the  earthing  already 
described,  or  to  spray  the  heap  every  evening  with  cresol  (I  volume),  kerosene 
(20  volumes),  made  up  to  100  volumes  with  water. 

Some  prefer  to  bury  the  daily  load  of  fresh  manure  in  the  fermenting  heap. 
This  effectually  kills  any  eggs  which  may  have  been  laid  in  it. 

Baber’s  method,  as  used  at 
Potchefstroom  in  the  Transvaal, 
was  so  successful  that  it  appears 
to  merit  the  full  description  given 
by  its  author.  He  says  : 
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Figs.  113, 114.  The  Baber  fly-preventing  method 
of  dealing  with  manure.  Lancet. 


4  It  has  dealt  with  the  manure  of 
over  a  thousand  horses  during  summer 
and  winter  with  uniform  success.  The 
method  is  equally  suitable  for  com¬ 
paratively  small  quantities.  The  larva 
has  (1)  the  feeding  stage,  and  (2)  the 
migratory  stage,  during  which  it  will 
travel  considerable  distances  to  find 
a  suitable  place  in  which  to  pupate. 
The  larva  cannot  climb  a  smooth  sur¬ 
face  of  the  shape  shown  in  the  cross 
section  of  gutter  (fig.  113) ;  it  lives 
only  in  the  outside  few  inches  of  the 
manure  heap,  and  is  quickly  killed  by 
the  heat  inside  (130°-160°  F.). 

All  migrating  larvae  fall  into  the 
gutter,  from  which  they  are  cleared 
daily  and  destroyed  by  burying  in  the 
manure  dump,  about  a  foot  deep. 
The  gutter  has  an  inlay,  which  is 
carried  under  the  outer  edge  of  the 
dump  about  16  inches,  to  prevent 


ground. 


the  larvae  from  burrowing  into  the 
A  small  proportion  of  the  larvae  will  be  found  to  pupate  in  the  loose 
outside  surface  of  the  dump  ;  the  outer  few  inches  in  which  pupae  are  seen  is  lightly 
raked  off  and  burned  in  any  improvised  incinerator,  or,  if  too  wet,  can  be  buried 
in  the  dump. 

Details  of  construction  can  be  varied  and  developed  to  any  extent.  The  gutter 
with  inlay  is  made  in  lengths  of  15  feet  of  sheet  metal,  each  length  of  gutter&being 
closed  with  stop  ends.  In  the  inlay  the  ends  are  bent  to  form  a  close  joint.  The 
writer,  unable  to  obtain  sheet  metal,  had  the  guttering  constructed  entirely  out  of 
paraffin  tins  by  two  handy  men  of  the  Sanitation  Sections.  The  tins  were  opened 
out  into  sheets  35  by  14  inches,  and  double-seamed  together  into  large  sheets  26  inches 
by  15  feet.  The  seams  are  made  to  lie  on  the  under  side,  so  as  to  obtain  a  closer 
joint.  The  under  side  of  the  guttering  is  tarred.  For  a  permanent  installation  the 
gutter  and  inlay  of  the  three  fixed  sides  might  be  of  cement  concrete  if  the  gutter 
has  a  smooth  surface. 

The  site  of  the  dump  should  be  roughly  rectangular,  its  extent  depending  on  the 
quantity  of  manure.  If  provision  has  to  be  made  to  accumulate  the  manure  for  an 
indefinite  period  sufficient  guttering  must  be  provided  for  five  weeks’  accumulation. 
For  1,000  horses  a  width  of  20  feet  was  suitable. 
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On  a  suitable  level  area  gutters  with  inlay  are  laid  down  along  both  sides  (A  A, 
B  B),  and  also  at  C  C,  where  dumping  will  begin,  a  little  earth  being  removed  to  allow 
these  gutters  to  44  bed  ”  firmly  ;  the  ends  of  each  length  and  its  inlay  are  placed  in 
close  juxtaposition  with  the  next.  Larvae  are  prevented  from  escaping  at  the  corners 
(A  C  and  C  B)  by  two  small  plates  (D  D).  At  the  other  end  (E  E)  is  a  length  of  gutter 
and  inlay  shaped  to  permit  it  being  moved  ;  this  gutter  is  not  sunk  in  the  ground  nor 
are  its  ends  closed,  the  larvae  from  it  falling  into  the  side  gutters.  (Fig.  114.) 

Commencing  at  the  end  C  C,  the  first  day’s  manure  is  tipped  over  the  space  bounded 
by  the  two  lateral  gutters,  and  as  close  to  them  as  possible.  The  second  day’s  manure 
is  stacked  above  the  first,  and  the  third  day’s  above  the  second,  to  a  height  of  about 
10  ft.  About  the  end  of  the  fifth  week  the  manure  will  have  reached  the  limit  of  the 
guttering.  The  manure  dumped  during  the  first  week  will  now  be  44  dead  ”  and  free 
of  larvae  ;  the  first  lengths  of  gutter  may  be  lifted  and  re-laid  at  the  opposite  end  and 


Fig.  115.  Baber’s  cement  platform  with  gutters,  for  storing  manure 

and  freeing  it  of  fly  larvae. 


dumping  continued.  The  44  dead  ”  manure  dump  can  be  planted  with  suitable  seed 
or  may  be  carted  away. 

Close  attention  to  minutiae  is  necessary.  The  use  of  this  method  of  treating  manure 
is  economical.’ 

At  a  later  period  Baber  introduced  the  concrete  base  with  guttering,  shown 
in  fig.  115. 

Adult  flies  attracted  to  the  dump  found  leafy  branches  which  had  been 
sprayed  with  arsenite  of  soda  solution — i.  e.  arsenite  of  soda  (1  lb.),  sugar  (10  lb.), 
water  (10  gallons) — hung  up  for  their  delectation  and  destruction. 

A  hospital  close  to  the  camp  which  had  been  plagued  by  flies  was  quite 
cleared  of  them  by  the  above  procedure. 

Other  forms  of  maggot  trap  are  in  vogue.  Thus  the  manure  may  be  stacked 
on  a  slatted  platform  standing  over  a  concrete  basin  containing  water  covered 
by  a  film  of  oil.  The  migrating  larvae  drop  into  the  water  and  perish. 

Biscuit-tin  traps  may  be  employed.  They  contain  a  layer  of  dry  sand  or 
chopped  straw,  and  are  provided  with  half-inch  wide  slits  parallel  to,  and  a 
couple  of  inches  above,  their  bases.  The  contents  should  reach  a  level  just  above 
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the  height  of  the  slits.  The  tins  are  then  sunk  in  the  manure  heaps  to  the  level 
of  the  slits.  The  larvse,  having  finished  feeding,  enter  the  tins  through  the  slits 
in  order  to  pupate  and  are  thus  secured.  One  tin  is  known  to  have  captured 
3,000  larvse  in  a  day. 

A  modification  of  this  plan  is  to  keep  the  manure  moist,  watering  it  if  neces¬ 
sary,  and  surrounding  the  heap  with  a  two-foot  ring  of  chaff  or  similar  dry  stuff. 
Larvse  enter  the  chaff  to  pupate  and  can  be  destroyed  by  burning  every  two  or 
three  days. 

D  rowning.  Where  facilities  exist  manure  can  be  4  drowned  ’  in  water.  It 
is  rarely  this  can  be  effected  without  producing  a  nuisance,  and  it  is  a  wasteful 
method. 

Incineration.  Under  active  service  conditions  this  is  the  usual  method  of 
dealing  with  manure  and,  if  properly  carried  out,  it  effectively  prevents  fly- 


Fig.  116.  Cradle  of  bhoosa  bands  for  burning  manure  in  horse  lines,  as 
employed  in  the  Macedonian  War  Area.  Wellcome  Bureau  of  Scientific  Research. 

The  disadvantage  of  this  form  of  incinerator  is  that  unincinerated  material 
is  apt  to  fall  through  the  meshes  and  afford  facilities  for  flv-breeding.  It  functions 
well,  however,  if  carefully  supervised. 

breeding.  In  ordinary  camp  life,  however,  and  amongst  civilian  communities 
it  is  wasteful,  for  the  ash  possesses  little  manurial  value. 

A  simple  method  of  incineration  for  small  quantities  of  horse  dung  and  litter 
and  suitable  for  use  in  horse  lines  is  shown  in  fig.  116,  the  cradle  being  made  of 
interlacing  bhoosa  bands.  In  dry  climates  manure  may  be  burned  at  a  little 
distance  from  the  lines  or  stables  in  windrows  2  feet  wide  and  2  feet  high,  being 
thrown  on  the  ground  from  the  back  of  a  cart.  Ford  describes  the  process 
as  follows  : 

4  The  windrows  are  about  8  feet  apart  and  after  drying  a  few  hours  they  are  spotted 
with  oil  on  the  windward  side  at  6-foot  intervals  and  fired.  Windrows  are  raked  to 
cover  a  narrow  space,  to  prevent  burning  feet  of  animals.  The  next  day  the  wagons 
straddle  the  windrows  and  dump  the  manure  on  their  ashes.  In  wet  weather  especially 
it  is  essential  that  the  windrows  be  worked  over  constantly,  and  the  smudge  kept 
going  by  turning  the  unburned  manure  over  on  to  the  smouldering  part  but  not  in  such 
quantities  as  to  smother  it.’ 
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In  Panama  Carter  introduced  a  method  of  dumping  the  daily  output  of 
manure,  and  covering  it  with  inflammable  material  consisting  of  street-sweepings, 
paper,  waste,  and  rubbish.  The  heap  is  then  ignited,  and  as  a  result  practically  all 
the  eggs  and  young  larvae  are  said  to  be  destroyed,  while  flies  will  not  oviposit 
in  the  resultant  ash.  The  dumps  are  left  in  this  condition,  and  in  six  weeks  have 
decomposed  into  a  compost  unattractive  to  adult  flies  and  ready  for  use  as  a 
fertilizer.  He  claims  for  this  method  that  it  is  simple,  requires  no  initial  outlay, 
pays  for  the  expense  of  treatment,  can  be  conducted  without  offence  close  to  an 
inhabited  area,  is  efficient,  economical,  and  original. 

As  will  be  evident,  it  is  a  method  of  partial  incineration.  The  writer  has  seen 
it  successfully  used  in  Egypt. 

While  incineration  of  manure  on  a  small  scale  does  not  present  much  difficulty 
it  is  another  matter  when  large  quantities  have  to  be  cremated  daily.  Whatever 
type  of  incinerator  be  employed  it  will  require  constant  attention  and  super¬ 
vision,  especially  where  grids  are  used,  for  the  space  under  them  is  very  apt  to 
become  a  fly  nursery,  unincinerated  material  falling  through  the  grids  and  being 
attractive  to  the  insects.  A  succession  of  rainy  days  may  seriously  interfere  with 
the  burning  process,  and  once  the  manure  gets  out  of  hand  it  is  very  difficult  to 
make  up  leeway. 

Sand  is  a  nuisance  in  dry,  desert  countries.  It  gets  mixed  with  the  manure, 
which  has  to  be  spread  out  to  dry  and  then  riddled.  It  may  have  to  be  spread  on 
boards  and  should  be  turned  over  to  facilitate  desiccation. 

One  of  the  best  forms  of  field  incinerator  for  manure  is  the  cone  type  with 
radiating  flues.  A  circular  area  is  prepared  and  may  be  paved  with  flat  stones 
or  flattened  petrol  tins.  In  the  centre  rises  a  cone  of  loose  stones  to  a  height  of 
six  or  seven  feet.  Underground  flues  lined  with  petrol  tins  from  which  the  tops 
and  bottoms  have  been  removed  communicate  with  the  cone  and  open  externally 
outside  a  low  retaining  wall  of  puddled  clay.  Manure  and  litter  are  heaped  on 
the  area  round  the  cone,  sprinkled  with  oil  and  set  on  fire.  The  stones  become 
heated,  a  central  draught  is  established,  and  there  is  an  aspiration  of  air  through 
the  burning  mass.  Empty  tins  scattered  through  it  aid  the  process. 

In  countries  like  Mesopotamia,  where  no  stone  is  available,  a  central  column 
of  perforated  petrol  tins,  supported  by  wire  stays,  takes  the  place  of  the 
cone,  and  support  is  afforded  the  manure  by  a  mass  of  small  tins  threaded 
on  wire. 

The  flues  communicate  internally  with  a  large  tin  from  which  the  central 
column  rises.  The  idea  is  sufficiently  shown  in  figs.  117-118.  Even  in  compara¬ 
tively  rainy  weather  this  incinerator  functions  well  if  properly  looked  after. 

A  new  type  somewhat  on  the  same  principle  is  described  in  Notes  for  Sanitary 
Officers  (1917)  as  follows  : 

‘  Dig  a  pit  5  feet  deep,  8  feet  square  at  ground  level,  with  sides  slightly  sloping 
to  the  bottom.  At  the  depth  of  3  feet  6  inches  (i.  e.,  1  foot  6  inches  from  bottom) 
cut  a  ledge  in  each  wall. 

Obtain  some  lengths  of  angle  iron  and  old  wire. 

Form  a  tripod  having  a  height  of  3  feet  6  inches  from  three  lengths  of  angle  iron. 
The  irons  (each  about  4  foot  6  inches  long)  should  be  well  driven  into  the  ground  and 
bound  together  at  the  apex  with  strong  wire.  Arrange  the  angle  irons,  resting  on  the 
ledges  cut  in  the  walls  to  form  a  fire  grate.  Place  a  jumble  of  wire  around  the  tripod 
above  the  grate.  Dig  a  second  pit  near  by  and  connect  it  by  means  of  a  tunnel  to  the 
space  under  the  grate,  thus  forming  an  air  shaft.  Where  the  incinerator  is  constructed 
on  a  sloping  bank,  a  second  pit  is  unnecessary,  the  air  shaft  being  cut  direct  from 
below. 

This  incinerator  will  burn  the  manure  from  150  horses  daily.’ 
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Fig.  117.  Open  cone  incinerator  for  burning  horse  manure,  showing  central 
column,  mass  of  small  tins  which  act  as  a  support  for  the  manure,  and  air  flues 
made  from  petrol  cans.  The  latter  can,  if  desired,  be  placed  underground. 
The  low  retaining  walls  are  easily  made  of  dried  mud.  From  photograph  by 
Captain  P.  F.  Gow.  D.S.O.,  I. M  S. 


Fig.  118.  Open  cone  incinerator  in  process  of  use.  From  photograph 
by  Captain  P.  F.  Gow,  D.S.O.,  I.M.S. 
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Grid  incinerators  (fig.  119)  are  in  common  use.  The  amount  of  gridding 
required  for  100  horses  is  40  feet  by  6  feet. 

The  grid  system  may  be  combined  with  a  fire  trench.  A  simple  cross  trench 
furnace  is  often  employed,  the  trenches  being  about  14  feet  long,  2  feet  wide, 
and  2  feet  deep.  The  gridding  is  placed  at  the  point  of  intersection.  It  is 
advisable  to  line  the  walls,  sides  and  bases  of  the  trenches  with  brickwork  or  at 
least  to  render  the  floors  in  cement.  The  trenches  are  dug  so  that  they  slope 
to  the  centre,  and  they  thus  serve  as  air  flues.  The  scattering  of  empty  tins 
through  the  mass  of  manure  facilitates  incineration. 

Disposal  in  fly-tight  pits  or  bins.  This  method  is  better  adapted  for  litter 
and  manure  from  stables,  and  reaches  its  maximum  development  in  the  arrange- 


Fig.  119.  Long  grid  form  of  incinerator  for  burning  horse  manure.  It  is  a  great 
advantage  if  this  form  of  incinerator  can  be  placed  upon  a  cement  base. 


ment  which  has  been  adopted  at  the  Pasteur  Institute  in  Algiers  and  is  described 
by  Sergent  and  Lheritier. 

Two  closed  chambers  are  provided  and  are  worked  alternately.  The  figs.  120 
and  121  show  the  construction  and  method  of  operation  and  render  a  lengthy 
description  unnecessary.  A  less  costly  scheme  is  to  employ  a  pit  or  bin  tightly 
constructed  and  with  a  lid  which  is  kept  closed  except  when  manure  is  being 
deposited  in  the  receptacle  or  removed  from  it.  As  flies  may  have  gained  access 
to  the  dung  before  it  is  placed  in  the  container  and  may  breed  out  in  it  and  escape 
at  the  time  of  its  removal  it  is  advisable  to  fix  small  wire  fly-traps  over  holes 
bored  in  the  lid  of  the  pit  or  bin.  The  insects  fly  upwards  towards  the  light  and 
are  caged. 

Disposal  by  contract.  In  the  tropics  this  is  nearly  always  an  unsatis¬ 
factory  arrangement.  Even  if  the  contractor  is  willing  to  do  the  work  on  proper 
hygienic  lines  his  native  employees  are  unlikely  to  be  careful,  and  the  sum 
received  for  the  manure  as  a  fertilizer  cannot  be  held  to  outweigh  the  dis¬ 
advantages  resulting  from  fly-breeding  on  a  large  scale. 
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The  consideration  of  manure  has  of  necessity  included  the  measures  em¬ 
ployed  for  the  destruction  of  fly  eggs  and  larvae,  and  some  of  these  measures 
are  applicable  to  other  breeding  places,  such  as  moist  refuse,  garbage,  and 
human  excrement.  (See  Section  on  Excreta.) 


FLY-FREE  DVNQ-PIT,  INSTlTUT  PAST  E  U  R  ,  ALQE  R  1 A . 
A;  Cj  UTTERS  $  TUBES  DRAINING  LEAKAGE  INTO  PIT. 

,B:  TUBE  DRAININQ  LIQUID  MANURE  INTO  PIT. 


Fig.  120.  Redrawn  after  Ed.  Sergent  and  Lheritier. 


Boye  and  Guyot  have  recently  shown  that  a  mixture  of  potassium  per¬ 
manganate  and  formaldehyde  is  very  deadly  to  fly  maggots,  the  permanganate 
possessing  caustic  properties,  and  the  mixture  giving  off  vapours  of  formalde¬ 
hyde  which  asphyxiate  the  larvte.  It  is  possible  these  might  be  too  volatile 
in  a  hot  climate.  They  have  also  found  cresylol  of  soda  useful. 

In  many  tropical  countries  it  is  impossible  to  deal  properly  with  the  scattered 
deposits  of  human  ordure  which  form  such  favourite  fly  nurseries,  and  hence  it  is 
necessary  to  wage  war  against  the  adult  fly.  There  are  various  ways  of  doing  so. 
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•for  ronovil  of  manure 

=  Plan  = 


Fly-fkee  Dunq-Pit. 

I  N  ST  I  TUT  PASTEUR,  A  LG  EFUA. 


Fig.  121.  Redrawn  after  Ed.  Sergent  and  Lheritier. 
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Prophylactic  measures.  1.  A  method  which  is  merely  of  a  preventive  nature 
depends  on  the  observation  that  the  visual  apparatus  of  flies  is  apparently 
sensitive  only  to  white  light,  most  of  the  primary  colours  producing  on  them 
the  same  effect  as  darkness.  It  has  been  found  that  in  a  room  where  all  the 
window  panes  are  of  light  blue  glass  flies  become  lethargic,  as  they  do  in  the 
dark.  If  then  a  movable  pane  is  opened  and  white  light  admitted  the  flies 
make  for  the  light  and  so  leave  the  room.  Hence  the  introduction  of  blue 
window  glass  may,  under  certain  conditions,  prove  advisable  and  helpful. 
If  there  are  windows  on  both  sides  of  the  room  those  on  one  side  should 
be  opened  and  the  others  closed.  Flies  entering  the  room  retreat  under 
the  influence  of  the  blue  light.  Blue  glass  is  in  use  in  railway  trains  in  such 
countries  as  Egypt  and  the  Sudan,  where  it  is  employed  to  diminish  sun  glare, 
and  it  certainly  helps  to  lessen  the  fly  nuisance  at  the  same  time. 

2.  Another  purely  palliative  measure  is  screening,  though,  as  already  stated, 
this  is  not  desirable  in  the  case  of  camp  cook-houses.  Screening  with  wire  mesh 
is  expensive  and  interferes  with  a  thorough  draught,  hence  it  is  fortunate  that 
ordinary  fish-netting  acts  admirably  despite  its  large  mesh.  It  is  a  most  useful 
and  cheap  protection  against  flies  in  hot  climates. 

3.  Keeping  a  room  dark  helps  to  exclude  the  insects. 

4.  It  is  said  that  flies  can  be  kept  out  of  cattle-sheds  by  whitewashing  the 
walls  with  milk  of  lime  to  which  alum  is  added  in  the  proportion  of  2j  lb.  for 
each  3  gallons  of  lime.  Information  is  required  regarding  its  efficacy  in  the 
tropics.  It  might  be  tried  in  cook-houses. 

5.  As  a  repellant  ‘  anti-fly  ’  vermijelli,  which  contains  oil  of  winter-green, 
can  be  used  as  an  application  to  the  skin.  Asafoetida  dissolved  in  vinegar 
is  said  to  keep  flies  away  if  sprinkled  on  the  hat  or  clothing. 

Destructive  measures,  (i)  ‘  Swatting.’  The  best  fly  ‘  swatters  ’  are  made 
of  wire  gauze,  fixed  to  handles  of  about  18  inches  in  length. 

(ii)  Fly  papers  or  fly  wires.  ‘Tanglefoot’  papers  are  in  common  use. 
A  good  formula  for  making  a  fly  glue  is  5  parts  castor  oil  and  8  parts  resin,  the 
mixture  being  heated  sufficiently  to  melt  the  resin.  Fly  glue  can  be  obtained 
in  liquid  form  in  tubes  ready  for  smearing  on  paper  or  wire.  It  has  been  found 
that  fly  papers  act  best  when  they  are  in  the  form  of  an  arch.  This  has  probably 
something  to  do  with  the  way  the  light  falls  on  them.  A  little  apparatus  has 
been  designed  which  holds  them  in  a  curved  position.  An  arch  of  smeared 
tinfoil  is  even  more  effective  than  the  paper.  The  liquid  form  of  fly  glue 
(a  solution  in  spirit)  can  be  sprayed  on  walls,  tree-trunks,  and  other  convenient 
places. 

Davidson  has  the  following  note  on  tanglefoot  fly  wires  : 

‘  Tanglefoot  was  made  by  heating  commercial  castor  oil  almost  to  boiling  (not 
boiling),  and  stirring  in  powdered  resin  until  the  mixture  became  a  black  sticky  mass. 
The  proportions  used  were  :  castor  oil,  4  pints  ;  resin,  9^  lb.  It  was  found  necessary 
to  alter  the  proportion  of  resin  slightly  according  to  the  time  of  the  year.  During  the 
cold  nights  of  the  later  part  of  the  year,  if  too  great  a  proportion  of  resin  is  used, 
it  tends  to  crystallize  out  on  the  wires  and  the  tanglefoot  loses  its  tackiness.  Pieces 
of  wire  were  cut  into  lengths  of  18-24  inches,  coated  with  tanglefoot  (applied  when 
hot  and  the  wires  slightly  heated),  and  hung  up  in  tents,  cook-houses,  etc.  Flies 
delight  to  rest  on  pieces  of  hanging  wire  or  string,  and  very  great  numbers  were  caught 
on  these  wires.  During  the  daytime  the  wires  should  be  hung  low  down  in  the  tents 
and  high  up  towards  evening.  Flies  always  go  to  the  top  parts  of  the  tents  to  spend 
the  night  and  will  invariably  select  the  wires  to  settle  on.  Often  the  wires  are  thickly 
covered  with  flies  after  hanging  for  an  hour  or  so,  and  counts  made  showed  that 
200-250  were  caught  on  an  average  on  each  wire. 
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The  fly-wires  are  afterwards  burnt  clean  and  re-coated  with  tanglefoot.  They 
were  made  in  hundreds  and  issued  to  units  who  returned  them  to  be  re-coated.’ 

(iii)  Spraying.  This  is  really  a  poisoning  method,  though  the  exact  way 
in  which  fly  sprays  act  is  yet  unknown.  Most  of  them  have  py rethrum  as 
a  basis. 

Army  fly  spray  or  Lefroy’s  spray  has  been  found  efficient  for  indoor  work 
in  the  tropics  provided  it  has  from  -5  per  cent  to  2  per  cent  castor  oil  added  to  it. 

The  spray  fluid  itself  consists  of  pyrethrum  2  lb.,  safrol  1  gallon,  spirit 
1  gallon,  and  soap  about  1  ounce.  It  is  diluted  1  in  30  with  water.  It  is  useful 
for  clearing  a  tent,  hospital  ward,  or  room  of  flies,  especially  if  employed  in 
the  evening  when  the  flies  have  settled  for  the  night.  They  become  paralysed 
and  fall  to  the  ground. 

A  spray  of  light  fuel  oil  with  5  per  cent  citronella  oil  is  also  effective.  It  either 
kills  flies  outright  or  leaves  them  unharmed.  There  is  no  paralysing  action. 

Experiments  by  Lefroy  indicate  that  95  per  cent  cresylic  acid  may  be  useful. 

Solution  4  C,’  4  Cinol,’  which  contains  pyrethrum,  4  A.D.O.’  (used  undiluted), 
and  4  Flybane  ’  (Osbeer’s  solution)  are  other  spray-fluids  which  have  come  into 
use.  Any  food  or  milk  in  a  room  should  be  covered  when  these  sprays  are 
employed,  as  they  impart  an  unpleasant  flavour.  A  Heppel  tin  sprayer  is  used 
for  indoor  work,  a  Mackenzie  sprayer  or  other  vaporizer  in  the  open,  but  outdoor 
spraying  for  flies  is  well-nigh  useless  in  the  tropics. 

The  value  of  sprays  is  limited,  and  spraying  should  be  carried  out  only 
when  flies  are  congregated  together  in  clusters  at  evening  or  early  morning  on 
the  roof,  walls,  and  other  places,  or  during  the  day  on  waste  food  or  in  sunny 
spots.  The  spray  should  be  directed  as  a  cloud  above  the  clusters  of  flies  until 
they  fall.  Spraying  should  cease  as  soon  as  the  surface  sprayed  shows  signs 
of  wetting. 

(iv)  Torching.  At  dusk,  especially  if  the  weather  is  rainy,  sluggish  flies 
settle  in  large  numbers  on  ceilings,  and  many  of  them  can  be  burned  by  a  flaming 
torch  without  risk  of  fire.  They  fall  to  the  ground  and  can  be  swept  up  and 
destroyed.  It  is  sometimes  possible  to  erect  small  fly  shelters  which  can  be 
flamed  in  this  way  every  evening. 

(v)  Fumigation.  The  fumes  of  burning  sulphur  and  pyrethrum  powder 
or  of  vaporized  cresol  stupefy  flies.  Those  of  phenol  and  camphor  in  equal 
parts  kill  them,  4  oz.  of  the  mixture  being  used  for  every  1,000  c.  ft.  of  air 
space.  These  fumes  are  irritating  to  man.  Naphthalene  vapour  is  fatal  to  flies 
and  is  a  cheap  fumigant.  In  the  case  of  ships,  flies  may  be  killed  by  Clayton 
gas  or  hydrocyanic  acid  gas  fumigation. 

(vi)  Poisoning.  Probably  the  best  known  fly  poison  for  outdoor  use  is 
a  solution  of  1  lb.  arsenite  of  soda  in  10  gallons  of  water,  to  which  are  added 
10  lb.  of  sugar.  The  arsenite  of  soda  should  always  be  coloured  with  methylene 
blue  or  other  aniline  dye  ;  2  per  cent  ultramarine  is  useful  for  this  purpose. 
A  good  way  of  using  it  is  the  roller  towel  method,  fig.  122.  A  piece  of  sacking 
passing  over  rollers  dips  into  a  trough  containing  the  poison  solution.  By 
pulling  it  round  a  damp  poisoned  surface  is  always  available.  Strips  of  canvas, 
frameworks  of  knotted  string,  or  small  branches  of  some  tree  or  shrub  whose 
leaves  will  remain  on  when  they  dry,  may  be  dipped  in  the  solution  and  hung 
up  in  safe  and  convenient  places.  The  poison  can  also  be  placed  in  shallow 
tins  in  latrine  buildings. 

For  indoor  use  a  mixture  of  milk  400  c.c.,  formalin  (40  per  cent  formalde¬ 
hyde)  10  c.c.,  sugar  10  ounces,  and  lime  water  400  c.c.,  is  effective,  especially 


208 


MINOR  TROPICAL  SANITATION 


if  used  in  the  form  of  large  drops  scattered  about  on  shelves  and  tables.1  Pieces 
of  bread  can  also  be  soaked  in  it.  Commercial  formalin  is  usually  acid.  Hence 
the  necessity  for  using  lime-water,  as  flies  dislike  acid  solutions. 


Fig.  122.  The  roller  sacking  dips  into  the  trough  containing  the 

poison  solution. 

It  should  be  sprinkled  over-night  or  first  thing  in  the  morning,  and  under 
conditions  which  prevent  the  flies  having  access  to  any  other  liquid. 

Solution  of  sodium  fluoride  2  per  cent  is  likewise  effective  and  is  cheap. 

The  United  States  Public  Health  Service  recommends  a  1  per  cent  solution 

1  Lloyd  in  a  recent  paper  has  shown  that  formalin  when  exposed  to  the  air  becomes  acid, 
so  that  it  is  better  to  employ  the  solution  in  some  form  of  simple  and  cheap  trap  which  will 
protect  it  from  the  air  and  prevent  flies  from  falling  into  it,  an  accident  which  also  renders 
it  acid.  His  paper,  which  contains  the  results  of  a  very  interesting  and  useful  research  and  which 
should  be  consulted  for  details,  appeared  in  the  Bulletin  of  Entomological  Research ,  Vol.  XI 
Part  I,  August  1920.  The  formula  he  advocates  is  :  40  per  cent  formaldehyde,  50-60  c.c’ 
1  fluid  ounce  ;  filtered  lime-water,  500  c.c.,  £  pint  ;  sugar,  25  gr.,  |  ounce  (dessertspoonful)'* 
water,  add  to  make  1,000  c.c.,  add  to  make  1  pint. 
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of  sodium  salicylate.  This  is  prepared  by  dissolving  3  teaspoonfuls  of  the  pure 
chemical  (a  powder)  in  a  pint  of  water,  some  brown  sugar  being  added  to 
render  it  more  attractive  to  flies.  A  convenient  way  of  exposing  these  poisons 
is  by  partly  filling  an  ordinary  drinking  glass  with  the  solution.  A  saucer  or 
plate  is  then  lined  with  white  blotting  paper  cut  the  size  of  the  dish  and  placed 
bottom  up  over  the  glass.  The  whole  is  quickly  inverted  and  a  small  match  stick 
placed  under  the  edge  of  the  glass.  As  the  solution  evaporates  from  the  paper 
more  flows  out  from  the  glass,  and  thus  the  supply  is  automatically  renewed. 

Recent  work  by  Boye  and  Guyot  indicates  that  black  arsenic  or  cobold  is 
a  powerful  fly  poison.  A  mere  trace  of  it  put  in  a  plate  containing  water  attracts 
numerous  flies,  which  after  imbibing  the  fluid  die  on  the  spot  or  a  little  distance 
away.  The  attraction  of  cobold  for  flies  is  explained  by  its  alliaceous  odour. 
The  solution  has  a  sweetish  taste.  The  same  observers  find  that  castor  oil  is 
toxic  to  flies,  and  that  its  action  is  considerably  increased  by  the  addition  of 
a  few  drops  of  croton  oil. 


Fig.  123.  Japanese  fly  trap,  showing  a  day’s  catch  of  flies. 

Lt.-Col.  McMnnn,  O.B.E.,  R.A.M.C. 

The  ‘  Daisy  ’  fly  killer  contains  an  arsenical  poison  and  acts  very  well. 
This  little  apparatus  is  easily  copied  by  placing  the  poison  syrup  in  a  covered 
tin,  through  the  lid  of  which  wicks  of  wool,  cotton,  or,  preferably,  sponge  protrude. 
These  wicks  dip  into  the  solution,  which  they  suck  up,  and  the  flies  imbibe  the 
poison  and  speedily  die. 

Liquid  poisons  are  most  deadly  during  dry  weather  when  the  flies  are  thirsty. 

Keating’s  powder  or  pyrethrum  powder  are  examples  of  non-liquid  poisons. 
They  are  best  placed  on  the  sashes  of  windows  and  blown  on  to  places  where 
flies  congregate,  but  they  make  an  untidy  mess. 

(vii)  Trapping.  Traps  may  be  divided  into  indoor  and  outdoor  varieties, 
but  it  is  better  to  use  the  latter,  as  most  of  the  former  necessitate  the  presence 
of  a  fly-bait  and  hence  tend  to  attract  flies  into  a  room  or  tent.  The  best  indoor 
trap  is  the  Japanese  clockwork  mechanical  contrivance  manufactured  by 
Owari  Tokei,  Kabushiki,  Kwaisha,  Japan,  fig.  123.  It  is  ingenious  and  interesting 
to  watch  as  its  baited  cylinder  slowly  revolves,  carrying  the  unsuspecting  flies 
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with  it  under  a  projecting  ledge,  and  so  to  the  cage  and  the  death  which  awaits 
them.  The  cylinder  is  smeared  with  a  little  sweetened  milk  or  stale  beer  or  sugar 
syrup.  The  clockwork  is  apt  to  get  out  of  order,  and  in  the  older  patterns 
the  sticky  surface  of  the  cylinder  is  liable  to  impinge  on  the  wooden  flap  and 
therefore  to  cease  revolving.  This  can  be  obviated  by  binding  two  strands 
of  piano  wire  round  the  cylinder — one  at  each  end.  On  these  the  flap  slides. 

Other  forms  are  the  balloon  wire  traps,  for  which  cheese  and  sugar  made 
into  a  paste  with  water  form  a  good  bait,  if  allowed  to  stand  for  24  hours ;  the 
special  glass  vessels  which  flies  can  readily  enter  but  from  which  they  cannot 
escape,  and  which  usually  contain  a  liquid  bait  like  sweetened  stale  beer ;  the 
Hodge  window  trap  and  the  Minnesota  trap,  which  are  made  of  wire  gauze  and 
wooden  frameworks,  but  are  more  suitable  for  use  in  temperate  climates  than 
in  the  tropics,  where  the  windows  usually  stand  wide  open  during  the  day. 

There  are  many  kinds  of  outdoor  traps,  such  as  the  conical  hoop  fly  trap 
of  Laake  and  Bishopp.  It  is  a  cylinder  24  inches  high  and  18  inches  in  diameter. 
Within  it  and  attached  to  its  base  is  a  cone  22  inches  high,  with  an  apical 
opening  of  about  1  inch  in  diameter  (fig.  219).  The  garbage-can  trap  works 
on  the  same  principle. 

A  cheap,  simple,  and  very  effective  pattern  is  the  cage  fly  trap,  fig.  124, 
which  consists  of  a  framework  of  wood  with  calico  and  wire  gauze,  and  is 
fastened  to  a  smoothly  planed  board.  The  trap  should  be  placed  out  of  doors 
in  the  sun  and  baited  with  any  attractive  bait,  such  as  chicken  entrails,  fresh 
meat,  damp  tea-leaves,  old  cheese,  bread  soaked  in  vinegar,  etc.  One  of  these 
traps  has  been  known  to  catch  10,000  flies  in  two  hours,  and  this  quantity  of 
dead  flies  just  fills  a  pint  measure. 

The  following  points  must  receive  attention  if  these  traps  are  to  be  a  success: 

(1)  The  calico  or  canvas  forming  the  greater  part  of  the  sides  of  the  trap 
should  be  stretched  tightly  on  the  framework,  as  flapping  frightens  flies  away. 

(2)  The  slit  between  the  wire  mesh  and  the  alighting  board  should  be  just 
large  enough  to  allow  a  bluebottle  fly  to  enter  the  trap. 

(3)  The  trap  should  as  a  rule  be  placed  in  the  sun  out  in  the  open. 

(4)  It  should  be  set  outside  a  mess  or  cook-house  or  near  a  latrine,  or 
between  an  occupied  tent  or  camp  and  any  source  of  flies. 

(5)  It  is  essential  that  it  be  properly  looked  after,  especially  as  regards 
baiting. 

(6)  For  this  purpose  it  is  best  placed  under  the  charge  of  some  one  person 
who  will  be  responsible  for  keeping  it  in  repair,  baiting  it  properly,  and  cleaning  it. 

(7)  Any  attractive  bait  may  be  employed,  but  one  of  the  very  best  is  chicken 
entrails.  Human  faeces  may  be  used  if  placed  in  a  tin  carefully  covered  with 
wire  gauze  so  that  the  flies,  a  few  of  which  may  escape  from  the  trap,  cannot 
get  access  to  the  contents.  Other  baits  are  raw  meat,  cheese  paste,  stale  beer, 
bread  soaked  in  vinegar  and  water,  jam,  marmalade,  lentil  paste  with  a  little 
sugar  sprinkled  on  it,  old  melon  rind,  fruit  and  fish  refuse. 

(8)  Flies  in  the  trap  are  best  killed  by  a  poison  solution  in  the  cage,  such  as 
formalin  2  per  cent  made  up  with  lime-water,  arsenite  of  soda  syrup,  or  sodium 
fluoride. 

A  modified  form  of  the  above  is  the  Rose  model,  which  proved  useful  in  Egypt. 

Yet  another  type  is  the  Davidson  fly  cage,  which  combines  the  cage  with 
a  modification  of  the  cone  of  the  balloon  fly  trap.  Here  the  opening  is  in  the 
floor  of  the  cage,  and  flies  pass  upwards  to  a  slit  formed  by  the  apposition  of 
two  pieces  of  inclined  wire  mesh. 
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In  countries  where  houses  are  built  of  mud  brick  and  are  4  laiped  5  before 
each  rainy  season,  that  is,  coated  with  a  plaster  made  of  earth,  chopped  straw, 
dung  and  water,  it  is  very  necessary  to  have  stringent  regulations  as  regards 
the  preparation  of  this  4  Zibla  ’  as  the  Arabs  call  it.  Its  manufacture  must  be 
permitted,  but  the  heaps  should  not  be  allowed  to  remain  on  the  ground  more 
than  five  days,  as  otherwise  flies  may  breed  out.  Ants  usually  take  a  heavy 
toll  of  the  fly  maggots,  but  it  may  be  advisable  to  adopt  some  of  the  preventive 
measures  cited,  though  it  is  true  that  after  the  compost  is  applied  to  the  walls 
and  roof  the  larvae  usually  perish. 


Fig.  124.  Cage  fly  trap.  For  use  outside  cook-houses,  butchers’  shops,  mess- 
huts,  or  latrines.  Can  also  be  placed  between  a  camp  and  any  outside 
source  of  flies,  such  as  a  native  village.  The  alighting  board  should  be  of  smooth 
planed  wood,  and  the  bait  should  be  placed  not  directly  upon  it,  but  upon  trays, 
pieces  of  cardboard,  tin,  etc.  From  Memoranda  on  Medical  Diseases  in  the 
Tropical  and  Sub-tropical  War  Areas.  (By  permission  of  the  Controller  of 
His  Majesty’s  Stationery  Office.) 

The  floors  of  tents  which  have  been  used  as  mess-tents  not  infrequently 
harbour  fly  maggots,  and  the  best  way  of  getting  rid  of  them  is  to  strike  the 
tent,  dig  up  the  area  of  ground  which  it  covered,  heap  straw  upon  it,  soak 
the  straw  in  kerosene,  and  set  it  alight.  This  is  really  a  modified  method  of 
incineration. 

In  all  fly  campaigns  it  must  be  remembered  that  spasmodic  work  is  of 
little  use.  The  attack,  which  ought  to  be  started  in  the  spring,  must  be  sustained 
and  continuous.  There  must  be  driving  power  behind  it  and  no  slackening, 
for  it  is  only  a  whole-hearted  effort  which  will  achieve  the  desired  result. 
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CHAPTER  10 

DISINFECTION 

Synopsis  :  Disinfectants,  p.  213  ;  Physical,  p.  213  ;  Chemical,  p.  216  ;  Methods  of  fumi¬ 
gation  employed  for  killing  vermin  and  insects,  p.  221  ;  Disinfection  of  books  and  paper 
money,  p.  234  ;  Disinfecting  measures  in  hairdressers’  shops,  p.  235. 

As  in  temperate  climates,  so  in  the  tropics,  a  great  deal  of  money  has  been 
wasted  on  so-called  disinfection.  Evil-smelling  powders  have  been  scattered 
broadcast  on  malodorous  refuse  heaps,  rooms  have  been  uselessly  sprayed  with 
noxious  fluids,  all  kinds  of  fumigants  have  been  employed,  many  of  them  to 
no  good  purpose,  in  fact  there  has  been  a  system  of  pseudo-scientific  camouflage 
very  much  on  the  lines  indicated  by  Barlow  in  his  excellent  paper  on  ‘  Disin¬ 
fectants  :  their  Scientific  Uses,  their  Quack  Uses,  and  their  Dangers  5  (Public 
Health ,  April  1910).  In  large  measure  this  has  been  due  to  ignorance;  for  it  is 
only  comparatively  recently  that  the  true  significance  of  the  patient  himself, 
of  his  immediate  surroundings,  and  of  his  animal  parasites  in  the  spread  of 
communicable  disease  has  been  recognized. 

Disinfestation  has  to  some  extent  taken  the  place  of  disinfection,  but  there 
still  exist  maladies  in  which  disinfection  in  the  general  acceptation  of  the  term 
is  indicated,  provided  it  is  properly  carried  out.  Most  of  these  are  bacterial 
diseases  such  as  enterica,  cholera,  bacillary  dysentery,  plague,  undulant  fever, 
and  so  forth;  some  are  protozoal  like  amoebic  dysentery;  a  considerable  number 
are  helminthic,  as,  for  example,  ankylostomiasis  and  schistosomiasis,  and  there 
remains  a  residue  like  smallpox  and  measles,  common  both  to  hot  and  cold 
climates,  in  which  the  causal  agent  is  unknown,  but  where  thorough  disinfectant 
measu  es  are  certainly  effective.  In  order  that  they  should  be  so  it  is  necessary, 
as  Cornwall  has  pointed  out,  to  insist  on  ‘  the  desirability  of  teaching  all  persons 
employed  in  disinfection  work  the  nature  of  the  disease  they  are  engaged 
to  limit,  of  explaining  the  object  of  the  measures  they  are  required  to  take, 
and,  in  addition,  of  imparting  to  them  a  working  knowledge  of  the  properties 
of  the  disinfectants  to  be  employed  ’. 

The  object  of  disinfection  is  the  destruction  of  the  specific  virus  of  com¬ 
municable  disease.  Disinfectants  are  bactericidal  agents,  and  must  be  clearly 
distinguished  from  deodorants  and  antiseptics.  Deodorants  destroy,  correct 
or  merely  mask  the  offensive  odours  due  to  putrefaction.  Antiseptics,  without 
killing  micro-organisms,  lower  their  vitality,  checking  or  arresting  their  growth 
and  multiplication,  and  so  retarding  or  preventing  the  decomposition  of  organic 
matter.  Some  disinfectants  possess  parasiticidal  powers  and  can  destroy  vermin. 
This  is  true  also  of  certain  deodorants  and  antiseptics.  Although  the  above 
definitions  hold  good  no  absolutely  hard  and  fast  lines  can  be  drawn  separating 
disinfectants,  deodorants,  and  antiseptics,  for  most  of  the  substances  repre¬ 
senting  these  three  classes  share  certain  properties  in  common.  It  is  in  some 
cases  largely  a  question  of  the  quantities  employed.  For  example,  disinfectants 
used  in  small  doses  have  merely  antiseptic  powers. 
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Disinfectants  are  divided  into  Physical  and  Chemical.  The  Physical  Disin¬ 
fectants  are  : — 

1.  Air  and  Light. 

2.  Dry  heat. 

3.  Moist  heat. 

The  Chemical  Disinfectants  are  classed  as  : — 

1.  Liquids  or  substances  in  solution. 

2.  Powders. 

3.  Gaseous  agents. 

Physical  disinfectants.  1.  Air  and  light.  Fresh  air  and  sunlight,  more 
especially  in  the  tropics,  are  of  value  both  as  disinfectants  and  as  aids  in  the 
disinfecting  process.  Fresh  air  oxidizes  the  organic  dust  of  buildings  and  thus 
lessens  the  food-supply  of  micro-organisms.  Its  action  is  enhanced  by  the 
solar  rays.  The  sun’s  action  is  due  partly  to  its  desiccating  powers,  and  partly, 
it  is  believed,  in  the  case  of  direct  sunlight  at  least,  to  the  actinic  effect  of  the 
ultra-violet  rays,  which  inhibits  the  growth  of  bacteria  or  is  lethal  to  them. 
Weinzirl  has  shown  that  it  destroys  all  non-sporing  bacteria  in  from  2  to  10 
minutes.  They  are  much  less  resistant  than  the  saprophytic  micrococci  of  air. 
B.  tuberculosis,  B.  typhosus,  and  the  cholera  vibrio  are  specially  susceptible. 

Diffuse  light,  though  helpful,  has  not  nearly  so  marked  a  disinfectant 
action.  Thus,  while  direct  sunlight  kills  B.  typhosus  in  from  one  and  one-half 
to  two  hours,  diffuse  daylight  takes  five  hours  to  do  so.  It  must,  however, 
be  remembered  that  experimental  work  with  cultures  may  yield  very  different 
results  from  those  obtained  under  natural  conditions.  Thus,  Harrison  at 
Kasauli  in  India  recovered  living  typhoid  bacilli  from  dust  after  77J  hours, 
during  23  of  which  it  had  been  subjected  to  a  sun  drench.  A  coating  of 
mucus  to  the  organism  makes  a  great  difference,  for  it  hinders  desiccation, 
the  result  of  heat,  which  is  known  greatly  to  aid  the  effect  of  light.  Different 
bacteria,  however,  vary  in  their  susceptibility  to  desiccation.  The  bacilli 
of  typhoid,  cholera,  and  plague  perish  in  a  few  hours,  but  those  of  tuberculosis 
and  diphtheria  are  highly  resistant,  though  B.  diplitherice  is  killed  by  direct 
sunlight  in  one-half  to  one  hour.  These  facts  emphasize  the  importance  of  dry, 
well-ventilated  dwellings,  and  of  the  airing  and  sunning  of  hangings,  mats, 
carpets,  clothing,  bedding,  etc. 

Wind  is  helpful  by  its  mechanical  action. 

Sunlight  acts  powerfully  upon  bacteria  near  the  surface  of  water,  as  in 
rivers  and  lakes.  In  the  tropics  this  is  one  reason  why  any  given  section  of 
a  river  will,  in  a  comparatively  short  time,  largely  free  itself  of  organic  matter. 
The  lethal  action  on  organisms  extends  in  clear  water  to  a  depth  of  5  or  6 
feet. 

Recent  work  by  Laroquette  may  possibly  be  held  to  upset  some  of  these 
views,  but  it  requires  confirmation.  His  experiments,  which  were  made  on 
cultures  and  carried  out  at  Algiers,  appear  to  show  that  solar  light  is  not  such 
an  active  bactericidal  agent  as  has  been  supposed,  and  that  what  virtue  it 
possesses  in  this  direction  is  due  chiefly  to  the  white  light.  Blue  light  comes  next, 
then  yellow,  red,  and  green,  the  last  named  being  very  feeble. 

He  believes  then  that  the  luminous  part  of  the  solar  spectrum  is  that  possess¬ 
ing  disinfectant  powers,  and  that  the  ultra-violet  and  infra-red  rays  have  but 
a  feeble  action.  He  agrees,  however,  that  the  heat  of  the  sun’s  rays  plays 
a  considerable  part  in  destroying  bacteria. 
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2.  Dry  heat,  (i)  Burning.  This  method  has  a  much  larger  application 
in  the  tropics  than  elsewhere,  for  frequently  the  huts  and  fomites  of  natives 
are  of  such  little  monetary  value  that  it  pays  to  burn  them  when  infected,  and 
to  compensate  the  owners.  This  is  specially  the  case  during  outbreaks  of  plague 
and  cerebro-spinal  fever.  Preliminary  soaking  with  kerosene  helps  towards 
complete  and  rapid  combustion.  The  incineration  of  specifically  infected 
excreta  is  indicated  wherever  possible.  Flaming  is  useful  for  disinfecting 
metal  articles.  Pottery  before  being  used  may  be  washed  in  spirit  and 
then  sterilized  by  igniting  the  latter.  This  is  a  useful  precaution  when  there  is 
risk  of  cholera.  A  development  in  the  use  of  fire  for  disinfection  is  seen  in  the 
introduction  of  forms  of  apparatus  wherein  petroleum  is  gasified  under  pressure 
and  used  for  flaming  large  contaminated  surfaces,  such  as  the  floors  of 
native  huts. 

This  method  is  also  employed  for  dealing  on  a  limited  scale  with  the 
breeding-places  of  vermin  such  as  bed-bugs,  ticks,  and  even  sand-flies. 

Types  of  the  machines  employed,  which  are  furnished  with  long,  flexible 
tubes,  are  seen  in  the  Lucal  Comet  Heater  or  Wells’  Heater,  while  for  small 
areas  the  larger  sized  4  Petrolia  1  brazing  lamp  may  be  tried.  (See  Tropical 
Diseases  Bulletin,  Vol.  XIV,  No.  6,  1919.) 

In  Goa  burning  hay  is  used  for  the  disinfection  of  the  floors  of  native  houses 
and,  according  to  De  Mello  and  Parras,  is  effective  in  killing  the  cholera  vibrio 
but  not  B.  typhosus. 

(ii)  Hot  dry  air.  This  is  now  scarcely  ever  employed,  for  it  is  unreliable 
and  has  low  powers  of  penetration.  It  may  be  used  for  disinfecting  leather  and 
india-rubber  articles,  furs,  and  books,  which  it  does  not  damage,  if  no  better 
method  is  available.  A  temperature  of  150°  C.  maintained  for  one  hour  is 
required,  and  few  materials  will  stand  more  than  110°  C.  without  showing 
some  signs  of  damage. 

A  guide  to  the  temperature  required  is  shown  by  the  browning  of  cotton 
(Rosenau). 

3.  Moist  heat.  Boiling  is  one  of  the  best  modes  of  disinfection  for 
a  great  variety  of  infected  articles.  It  kills  all  bacteria  in  half-an-hour,  and 
some  in  a  much  shorter  time,  but  cannot  be  relied  upon  to  kill  resistant  spores. 
It  spoils  felt,  woollen,  rubber,  and  leather  goods,  for  the  disinfection  of  which 
it  cannot  be  used,  and  it  has  the  disadvantage  of  fixing  albuminous  stains. 
Fabrics  thus  stained,  as  with  blood  or  faeces,  must  be  cleaned  with  soap  and 
water  before  being  boiled.  The  addition  of  2  per  cent  carbonate  of  soda  aids 
the  process,  prevents  rusting  and  blunting  of  steel  implements,  and  also  ac¬ 
celerates  the  bactericidal  action  of  boiling  water.  The  latter  can  be  utilized 
for  the  sterilization  of  an  infected  stool.  About  a  gallon  of  water  is  required 
and  the  vessel  should  be  covered.  An  improvised  form  of  field  boiler  for  clothes 
etc.,  is  shown  in  fig.  125. 

Steam,  which  so  far  as  its  lethal  effects  on  micro-organisms  is  concerned 
equals  boiling  water,  is  one  of  the  most  useful  methods  of  disinfection  that  can 
be  employed  in  the  tropics,  for  the  medical  officer  can  nearly  always  obtain 
or  improvise  some  kind  of  boiler  producing  abundance  of  steam  (an  important 
point),  and  some  form  of  receptacle  in  which  the  articles  to  be  disinfected  are 
treated. 

The  steam-producing  area  in  relation  to  the  size  of  the  disinfecting  room, 
box,  or  chamber,  is  of  vital  importance,  and  it  is  largely  lack  of  recognition  of 
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this  point  that  has  led  to  streaming  steam,  or,  as  it  may  be  called,  current 
saturated  steam  being  considered  less  efficacious  than  steam  under  pressure. 
By  saturated  steam  is  meant  steam  at  its  normal  temperature,  212°  F.  (100°  C.), 
and  normal  barometric  pressure.  The  only  marked  advantage  of  steam  under 
pressure,  which  is  really  super-heated  steam,  i.  e.  steam  raised  above  its  normal 
temperature  while  still  in  the  boiler,  is  that  it  is  more  speedy  in  action,  due  to 
its  excess  of  latent  heat  over  that  of  streaming  steam. 


Fig.  125.  Improvised  field  boiler  for  disinfection  of  clothesrand  blankets. 
Wellcome  Bureau  of  Scientific  Research.  (Copyright.) 


All  steam  disinfection  depends  for  its  efficiency  on  the  latent  heat  of  steam 
and  its  powers  of  penetration.  When  steam  condenses  it  parts  with  its  latent 
heat,  and  a  partial  vacuum  is  formed  into  which  fresh  steam  rushes.  This 
action  takes  place  continuously  until  in  a  short  time  all  the  articles  in  the 
disinfecting  chamber  are  completely  permeated  with  live  steam.  It  is  therefore 
essential  that  all  air  should  be  driven  out  of  the  chamber,  otherwise  air  locks 
occur  where  no  disinfection  takes  place.  This  expulsion  is  effected  in  a  current 
steam  apparatus  by  providing  suitably  placed  exits  for  the  steam.  If,  however, 
steam  is  used  in  a  closed  apparatus,  as  both  forms  of  steam  may  be,  it  is  essential 
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that  arrangements  be  made  for  creating  a  partial  vacuum  three  or  four  times 
during  the  disinfecting  process.  This  is  generally  done  by  means  of  a  steam 
exhaust.  The  lowering  of  the  pressure  enables  condensation  water  in  the 
interstices  of  the  material  to  be  retransformed  into  steam  which  drives  out  all 
air  in  front  of  it. 

Streaming  steam  is  the  simplest  form  to  employ,  as  it  requires  no  expensive 
or  complicated  apparatus.  Examples  of  its  use  are  seen  in  the  case  of  the  Serbian 
barrel  and  the  portable  Thresh  machine.  It  is  very  useful  for  disinfestation, 
i.  e.  killing  vermin,  and  particulars  regarding  it  in  this  connexion  will  be  found 
mentioned  under  4  Lice  5  (p.  300).  .  • 

Steam  under  pressure  permits  of  a  speedier  disinfecting  process  than  does 
streaming  steam. 

Steam  under  pressure  kills  vegetating  bacteria  immediately,  and  destroys 
most  spores  in  a  few  minutes.  It  finds  its  chief  use  in  the  disinfection  of  bedding, 
clothing,  etc.,  but  it  shrinks  woollen  and  silk  fabrics,  and  ruins  those  substances 
to  which  boiling  is  destructive,  as  well  as  those  containing  wood,  glue,  or 
varnish.  It  also  causes  certain  coloured  fabrics  to  4  run  5  and  fixes  albuminous 
stains. 

It  is  beyond  the  scope  of  this  chapter  to  consider  various  types  of  steam 
pressure  apparatus  which  in  the  tropics  are  likely  to  be  available  only  in  large 
centres  where  full  information  regarding  them  is  easily  obtainable.  It  may, 
however,  be  noted  that  a  simple  method  of  testing  the  efficiency  of  a  disinfector 
is  by  means  of  a  medium-sized  potato  placed  inside  the  bulk  of  articles  to  be 
disinfected.  Provided  the  necessary  temperature  and  pressure  have  been  reached 
and  maintained  for  the  full  period  required,  the  potato  should  be  cooked  at  the 
end  of  the  process.  This  is  only  a  rough  test,  and  more  accurate  data  can  be 
obtained  by  making  use  of  certain  pure  chemicals,  e.  g.  malic  acid,  and  noting 
their  melting-points.  A  dye  which  passes  into  solution  when  the  substance  melts 
is  used  as  an  indicator.  The  melting  point  of  malic  acid  is  100°  C.  (Wolf). 
Other  indicators  which  may  be  used  are  rosin  and  paraffin  with  a  definite 
melting-point. 

Chemical  disinfectants.  Hewlett  states  that  the  requirements  necessary 
for  an  ideal  chemical  disinfectant  are  : — 

‘  (1)  The  substance  must  be  cheap.  (2)  It  should  be  relatively  non-poisonous. 
(3)  It  should  have  no  corrosive  or  other  action  on  the  ordinary  metals,  and  it  should 
not  stain  linen,  etc.  (4)  It  should  not  separate  into  layers  on  standing,  and  should 
run  freely  from  the  containing  vessel  at  all  times.  (5)  It  should  possess  high  germicidal 
power.  (6)  It  should  be  miscible  with  ordinary  tap  water  in  all  proportions  to  form 
a  stable  solution  or  homogeneous  emulsion  which  should  not  separate  appreciably 
into  layers  on  standing.  (7)  It  may  with  advantage  have  a  solvent  power  for  grease, 
for  greasy  surfaces  have  often  to  be  disinfected.  (8)  Its  germicidal  power  should  not  be 
markedly  reduced  in  the  presence  of  organic  matter.  (9)  Heating  to  a  moderate 
temperature  should  not  affect  it,  so  that  it  may  be  used  hot  if  desired.’ 

One  may  add  that  it  should  be  rapid  in  action  and  free  from  offensive  odours. 
It  is  not  easy  to  find  a  substance  combining  all  these  virtues. 

1.  Liquids.  Solutions  or  suspensions  may  be  employed.  Emulsions  usually 
possess  greater  germicidal  action  than  solutions,  but  the  latter  have  better 
penetrating  powers.  Darling  has  pointed  out  that  an  emulsion  acts  better 
than  a  solution  because  it  is  made  up  of  minute  charges  of  concentrated  fluids. 
No  matter  how  highly  the  fluid  is  diluted  it  remains  concentrated.  He  com¬ 
pares  each  globule  of  a  germicidal  emulsion  to  a  shrapnel  shell,  as  when  ruptured 
it  sends  out  a  charge  of  highly  concentrated  disinfectant. 
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There  are  a  great  many  liquid  disinfectants,  but  those  likely  to  be  available 
in  the  tropics  are  the  cresols,  carbolic  acid,  bichloride  of  mercury,  formalin, 
potassium  permanganate,  lime,  and  ferrous  sulphate. 

The  Cresols  (C6H4(CH;5)OH).  These  are  mixtures  of  phenolic  bodies  with 
inert  tar  oils  and  emulsifying  agents  such  as  soap.  They  are  good  disinfectants 
when  properly  used  and,  though  allied  to  carbolic  acid,  are  superior  to  it 
as  germicides,  for  they  have  a  higher  bactericidal  value,  are  not  so  poisonous 
<or  irritating  to  the  skin  and  form  excellent  emulsions. 

Cresol  itself,  which  consists  of  the  purified  distillates  from  coal-tar,  is 
a  mixture  of  the  three  isomeric  cresols  derived  from  the  latter  and  freed 
from  phenol,  hydrocarbons,  and  water.  It  is  also  called  cresylic  acid  and 
trikresol. 

So  far  as  the  British  Army  is  concerned,  cresol  is  now  issued  in  two  strengths, 
one  having  a  carbolic  coefficient  of  10-12,  the  other  a  coefficient  of  3.  For 
disinfecting  purposes  they  should  be  used  in  dilutions  of  lj  oz.  (42-5  grm.) 
and  4J  oz.  (127-57  grm.)  to  the  gallon  (4-54  litres)  respectively. 

The  stronger  cresol  is  Liquor  Cresoli  Saponatus.  In  the  United  States 
Pharmacopoeia  it  is  represented  by  Liquor  Cresoli  Compositus,  which  consists 
of  cresol,  500  grm.,  linseed  oil,  350  grm.,  potassium  hydroxid,  80  grm.  ;  and 
water  sufficient  to  make  1,000  grm.  This  mixture  makes  a  clear  solution  in 
water. 

The  cresols  form  the  basis  of  many  preparations,  such  as  lysol  and  creolin. 

Carbolic  acid  (C6H5OH).  This  is  also  a  coal-tar  product,  consisting  chiefly 
of  phenol  and  phenolic  bodies.  Commercial  carbolic  acid  contains  cresols. 
It  is  used  in  a  solution  of  from  2J  to  5  per  cent  and  is  useful  for  the  disinfec¬ 
tion  of  sputum,  excreta,  wood,  metal,  and  linen.  The  time  of  exposure  to  the 
solution  should  not  be  less  than  half  an  hour.  It  is  poisonous  and  expensive 
and  so  has  been  largely  replaced  by  other  coal-tar  products. 

It  has  been  shown  that  most  of  the  coal-tar  disinfectants  are  unable  to 
destroy  the  virulence  of  anti-variolous  vaccine  virus  in  J  per  cent  solutions 
with  five  hours’  exposure,  which  raises  a  doubt  as  to  their  efficiency  in  the  case 
of  smallpox,  and  possibly  also  in  that  of  measles.  In  these  diseases  it  is  safer  to 
have  recourse  to  corrosive  sublimate.  Chlorinated  lime  or  2  per  cent  solution 
of  carbolic  acid  can  be  used  for  disinfecting  water  pipes.  The  latter  is  allowed 
to  remain  in  them  for  24  hours  and  then  they  are  flushed  with  pure  water. 

Bichloride  of  mercury  (HgCl2).  Corrosive  sublimate  is  a  cheap  and 
powerful  germicide,  killing  both  bacteria  and  their  spores  in  comparatively 
weak  solutions. 

Unfortunately  it  is  very  poisonous  and  in  this  connexion  has  the  disadvantage 
of  forming  a  colourless  and  odourless  solution.  It  corrodes  metals  and  forms 
insoluble  and  inert  compounds  when  brought  into  contact  with  albuminous 
substances.  Its  solution  should  always  be  coloured  with  permanganate  of 
potash,  an  anilin  dye  such  as  anilin-blue,  or  indigo.  Coloured  tablets  or 
‘  soloids  ’  of  corrosive  sublimate  are  upon  the  market  and  are  a  convenient 
form  for  everyday  use. 

The  view  that  the  addition  of  acid  to  the  bichloride  solution  increases  its 
efficiency  and  lessens  the  formation  of  insoluble  albuminates,  thereby 
heightening  its  penetrative  powers,  has  been  controverted  by  Krdnig  and  Paul. 

Bichloride  of  mercury  is  decomposed  by  lead  and  other  metals.  Hence 
it  should  not  be  kept  in  metal  receptacles  and  must  be  used  with  care  for  the 
disinfection  of  water  closets  and  lead  pipes. 
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Owing  to  the  formation  of  inert  albuminates  it  is  useless  for  disinfecting 

EXCRETA  AND  SPUTUM. 

The  strengths  of  the  solutions  in  which  it  is  general^  employed  are  1  in 
500  and  1  in  1,000.  The  latter,  acting  for  half  an  hour,  will  destroy  all 
non-spore-bearing  bacteria.  It  acts  better  when  the  solution  is  warm. 
Spores  are  killed  by  solutions  of  1  in  500  if  exposed  to  it  for  not  less  than 
one  hour. 

A  working  solution  is  made  by  dissolving  1  drachm  in  1  gallon  of  water 
or  1  grm.  in  1  litre  of  water.  Each  ounce  (28-35  c.c.)  of  this  solution  contains 
about  half  a  grain  (0  03  grm.)  of  the  salt.  As  the  latter  volatilizes  rather  readily, 
especially  in  hot  climates,  care  should  be  taken  to  wash  with  water  any  surface 
which  has  been  treated  with  the  corrosive  sublimate,  at  least  in  the  case  of 
living  rooms. 

Formalin.  This  is  a  40  per  cent  solution  of  formaldehyde  gas  (HCHO)  in 
water.  Unlike  corrosive  sublimate,  it  is  a  deodorant  as  well  as  a  good  dis¬ 
infectant.  It  has  certain  marked  advantages,  for  it  is  not  very  poisonous,  acts 
well  in  the  presence  of  albuminous  matter,  does  not  injure  textile  fabrics,  and 
is  harmless  to  colours  and  to  metal  work,  except  iron  and  steel,  on  which  it  acts 
when  hot.  It  has  the  disadvantages  of  being  very  irritating,  owing  to  the  gas 
which  it  gives  off,  and  rather  unstable,  while  it  renders  skins,  fur,  and  feathers 
brittle.  It  may  be  used  to  disinfect  books  and  boots.  A  10  per  cent  solution 
corresponds  roughly  to  a  1  in  5,000  solution  of  bichloride  of  mercury  and  can 
be  employed  for  the  disinfection  of  organic  matter.  It  should  be  left  in  contact 
with  it  for  one  hour  at  least  in  the  case  of  excreta  and  is  very  useful  for  the 
disinfection  of  urine  in  enterica  and  undulant  fever.  A  5  per  cent  solution 
kills  tubercle  bacilli  in  sputum  in  60  minutes.  For  ordinary  purposes  5  per  cent 
solutions  are  recommended  as  they  afford  a  margin  of  safety,  which  is  necessary 
owing  to  the  instability  of  the  solution,  especially  in  hot  countries  where 
evaporation  is  rapid. 

Formalin  is  the  substance  above  all  others  which  has  been  recommended 
for  the  disinfection  of  cattle  trucks,  a  matter  of  considerable  importance  in 
many  parts  of  the  tropics.  Schntirer,  who  has  specially  studied  the  subject, 
gives  the  following  directions  for  its  use  : 

4  The  fluid  must  be  directed  against  the  surfaces  to  be  disinfected  under  a  pressure 
of  three  to  four  atmospheres,  so  that  the  forcible  entry  of  the  liquid  into  cracks  and 
crevices  is  assured.  The  fire  hose  which  must  be  provided  at  each  station  will  serve 
this  purpose.  A  fine  spray,  such  as  is  given  by  whitewashing  apparatus,  is  to  be 
absolutely  avoided,  as  the  pressure  exerted  is  very  slight,  with  the  result  that  there 
is  no  mechanical  effect  and  the  liquid  does  not  penetrate  to  any  depth.  On  the  same 
grounds  it  is  not  advisable  to  use  brushes  for  the  application  of  the  fluid,  apart  from 
the  labour  and  care  entailed  by  the  method.’ 

In  the  Army,  for  spraying  purposes,  formalin  is  used  in  a  strength  of  8  oz. 
(226-8  c.c.)  to  one  gallon  (4-54  litres)  of  water. 

Potassium  permanganate  (K2Mn208)  acts  as  a  disinfectant  in  rather  a  special 
way,  for  it  readily  parts  with  its  oxygen  and  it  is  this  nascent  oxygen  which  is 
the  real  disinfecting  agent.  In  sanitary  work  its  use  is  somewhat  limited,  owing 
to  the  readiness  with  which  it  is  reduced  to  an  inert  form  by  organic  matter. 
Still  the  permanganates,  for  the  sodium  and  calcium  salts  are  also  employed, 
possess  certain  advantages  which  Bousfield  has  detailed  as  follows  : — 

4  Their  very  great  power  as  generators  of  nascent  oxygen,  their  non-poisonous 
character,  their  cheapness,  and  lastly  their  distinctive  colour,  are  all  features  of  value 
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whilst  they  alone  possess  the  power  of  destroying  the  odour  of  putrescent  matter  and 
of  thus  affording,  in  the  absence  of  odour,  a  very  evident,  if  somewhat  rough  and 
ready,  criterion  of  the  amount  of  disinfection  that  has  been  effected.  Finally  they 
have  the  advantage  of  leaving  the  substance  to  which  they  have  been  applied,  whether 
solid  or  liquid,  in  a  condition  in  which  it  is  incapable  of  giving  rise  to  disease  either 
by  the  bacteria  contained  in  it  or  by  their  products.’ 

In  the  tropics,  and  more  especially  in  India,  potassium  permanganate  has 
been  largely  used  for  the  disinfection  of  shallow  wells,  particularly  those 
harbouring  the  cholera  vibrio.  The  process  is  called  4  pinking  ’  and  1  oz. 
(28-35  grm.)  per  2,000  gallons  (9080  litres)  of  the  well  water  is  regarded  as 
sufficient.  Experience  in  India  has  shown  that  an  ordinary  well  usually 
requires  4  oz.  (113-4  grm.)  of  potassium  permanganate.  Roughly  speaking,  the 
correct  amount  is  that  which  will  colour  the  well  water  pink  for  half-an-hour, 
but  this  is  not  a  very  satisfactory  guide. 

It  is  an  advantage  to  dissolve  the  permanganate  in  a  bucket  of  water 
first,  before  adding  it  to  the  well,  and  such  addition  is  best  made  in  the 
evening. 

A  5  per  cent  solution  acts  as  a  powerful  disinfectant.  According  to  Koch 
it  will  kill  spores  in  one  day. 

Lime  (CaO).  Lime  or  quicklime  is  used  as  slaked  lime  (Ca(OH)2),  made 
by  adding  1  pint  (-57  litre)  of  water  to  2  lb.  (907-2  grm.)  of  lime;  as  milk  of 
lime,  which  is  slaked  lime  mixed  with  about  four  times  its  volume  of  water  to 
make  a  thick  cream  ;  as  whitewash,  which  is  slaked  lime  mixed  with  more 
water  and  a  little  glue  ;  and  as  chlorinated  lime  (CaOCl2),  which  is  made  by 
passing  nascent  chlorine  gas  over  moist  slaked  lime. 

In  one  or  other  of  these  forms  lime  is  one  of  the  best,  cheapest,  and  most 
largely  employed  disinfectants  in  the  tropics.  As  will  be  seen,  water  must  be 
added  to  it  in  order  to  develop  fully  its  germicidal  powers.  It  finds  its  chief 
use  in  the  disinfection  of  excreta.  Thus  to  disinfect  a  cholera  stool  equal 
parts  of  fresh  quicklime  and  water  should  be  added  together.  Dilute  with 
three  times  as  much  water  as  previously  used,  add  a  quantity  of  this  slaked 
lime  equal  to  the  amount  of  stool  to  be  disinfected  and  allow  to  remain  in 
contact  for  one  hour. 

Slaked  lime.  This  should  always  be  freshly  prepared,  for  when  quicklime 
is  exposed  to  the  air  it  is  acted  upon  by  C02  and  most  of  it  is  changed  into  the 
inert  calcium  carbonate.  It  has  been  found  experimentally  that  a  3  per  cent 
solution  of  slaked  lime  kills  B.  typhosus  in  one  hour.  A  20  per  cent  solution 
added  in  equal  parts  to  faeces  will  sterilize  them  completely  in  the  same 
period.  Care  should  be  taken  to  see  that  the  mixing  of  the  disinfectant  with 
the  excreta  is  thorough  and  that  the  reaction  of  the  mixture  is  distinctly 
alkaline. 

Whitewash  is  largely  used  in  the  tropics  and  the  only  objection  to  it  is  the 
glare  from  whitewashed  surfaces.  This  can  be  mitigated  by  colour-washing, 
a  creamy  hue  being  restful  to  the  eye. 

Whitewashing  the  walls  of  native  mud -built  huts  and  houses,  barracks, 
stables,  cow-sheds,  poultry-houses,  latrines,  and  similar  buildings  is  a  hygienic 
measure  of  considerable  importance  for,  apart  from  questions  of  appearance 
and  ordinary  cleanliness,  whitewash  kills  non-sporing  bacteria  on  such  surfaces. 
According  to  Hankin,  quicklime  is  rendered  much  more  active  if  J  lb.  of 
chlorinated  lime  is  added  to  every  7  gallons  of  the  liquid. 

Milk  of  lime  is  used  like  slaked  lime  but  is  not  so  powerful. 
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Chlorinated  lime  (Bleaching  powder)  (CaOCl2).  It  is  commonly  but 
erroneously  called  chloride  of  lime,  for  it  is  probably  a  mixture  of  calcium 
chloride  and  calcium  hypochlorite.  Under  certain  conditions  it  is  a  valuable 
disinfectant,  but  in  the  tropics  as  elsewhere,  and  more  especially  under  active 
service  conditions,  tons  of  it  have  been  wasted,  for  it  has  been  scattered  broad¬ 
cast  to  no  useful  purpose  on  latrine  floors,  in  latrine  trenches,  on  refuse  heaps, 
and  indeed  in  almost  any  place  where  a  smell  had  to  be  suppressed.  It  is  true 
that  it  has  deodorant  properties,  but  its  own  odour  is  disagreeable,  its  value 
as  a  solid  disinfectant  is  very  slight,  and  it  is  not  a  good  fly  repellant.  Moreover 
it  deteriorates  quickly  in  the  open,  especially  when  exposed  to  light  and  heat, 
readily  parting  with  its  chlorine  and  becoming  inert.  It  should,  as  a  rule, 
be  used  in  solution  and  reserved  for  the  disinfection  of  drinking  water,  bath 
water,  and  sewage,  though  it  can  be  employed  to  disinfect  sputum  and  for 
washing  the  hands  and  swabbing  floors.  Cresol  is,  however,  preferable  where 
cost  has  not  to  be  specially  considered.  Forsyth  in  a  recent  paper  strongly 
advocates  the  use  of  chlorine  solution  for  disinfecting  jails  and  asylums  in 
India.  He  says  : 

4  In  view  of  the  exorbitant  cost  of  cleansing  the  wards  and  cells  of  a  large  institution 
with  phenyl  and  coal-tar  derivatives  (Rs.  30  to  Rs.  40  per  mensem),  we  have  been 
compelled  to  carry  out  practical  experiments  with  solutions  of  chlorine  of  different 
strengths.  The  results  have  been  very  good  and  most  convincing. 

Stock  solutions  have  been  prepared  : — (a)  chloride  of  lime  \  lb.  ;  water  12  oz. 
Stir  with  a  wooden  rod  for  15  minutes.  Add  water  up  to  one  gallon.  ( b )  Soda  ash 
5  oz.  ;  water  to  one  gallon.  Dissolve. 

Mix  (a)  and  ( b )  and  allow  to  settle  overnight.  Decant  the  clear  solution  (con¬ 
taining  sodium  hypochlorite)  and  store  in  bottles  or  jars  in  a  cool,  dark  place.  This 
solution  contains  about  1  per  cent  available  chlorine. 

For  use,  it  is  diluted  with  water  to  100  volumes  (0  01  per  cent  chlorine)  and  used 
for  disinfection.  That  chlorine  is  a  disinfectant  every  one  knows,  but  we  were  not 
so  certain  of  its  powers  to  deodorize  a  cell,  whose  walls,  floor  and  bed  had  been  covered 
with  filth  by  its  demented  occupant.  Our  experiments  were  conducted  and  results 
compared  by  using  parallel  dilutions  of  phenyl  and  the  following  are  the  advantages  : — 

(1)  Cost.  Disinfection  of  this  institution  by  chlorine  solution  costs  Rs.  4  per 
mensem,  compared  with  Rs.  30  to  Rs.  40  with  coal-tar  derivatives. 

(2)  Efficiency.  As  a  deodorant,  chlorine  solution  is  superior.  The  odour  of  a  filthy 
room  after  cleansing  with  phenyl  solution  tends  to  4  return  ’  after  a  few  hours,  and 
this  is  not  so  when  the  other  is  used. 

(3)  Chlorine  solution  is  more  suitable  than  phenyl  solution  for  washing  filthy 
patients  and  much  less  apt  to  cause  dermatitis. 

(4)  It  is  less  poisonous  than  phenyl,  which  is  a  point  of  importance  in  an  asylum. 

I  see  no  reason  why  chlorine  solution  should  not  supersede  phenyl  in  regimental 

lines  and  latrines  throughout  India.’ 

Chlorinated  lime  should  contain  33  per  cent  of  available  chlorine  and  should 
not  be  used  if  the  chlorine  content  has  fallen  under  25  per  cent.  It  corrodes 
metals  and  bleaches  and  destroys  textile  fabrics.  It  is  only  partially  soluble  in 
water,  but  its  solution,  which  is  strongly  alkaline,  is  markedly  germicidal,  0-5 
to  1  per  cent  killing  most  bacteria  in  one  to  five  minutes.  A  5  per  cent  solution 
destroys  most  spores  within  an  hour.  The  best  way  of  making  a  solution  is  to 
rub  up  the  required  quantity  in  water  to  the  consistency  of  cream  and  then 
to  dilute  it  to  the  required  volume. 

In  the  tropics  the  powder  should  be  kept  in  air-tight  drums  stored  in  a  cool, 
dark  place.  Even  then  it  loses  a  good  deal  of  its  chlorine. 

Ferrous  sulphate  (FeS047H20)  or  green  copperas  is  soluble  in  about  twice 
its  weight  of  cold  water  and  is  both  a  disinfectant  and  deodorant.  When  used 
as  a  disinfectant  a  30  per  cent  solution  is  required,  for  its  germicidal  power 
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is  not  great.  It  is  useful  for  disinfecting  drain  pipes,  a  solution  of  1  lb. 
(453*6  grm.)  to  the  gallon  (4*54  litres)  being  usually  employed. 

2.  Powders.  These  have  only  a  limited  application  as  disinfectants,  but 
fresh  unslaked  lime  is  employed  for  the  disinfection  of  bodies  dead  from 
communicable  diseases  such  as  plague,  cholera,  and  smallpox.  The  body  is 
placed  in  a  tight  coffin  and  twice  its  weight  of  dry  lime  added.  Fresh  chlorinated 
lime,  up  to  strength,  can  be  used  for  the  disinfection  of  cholera  stools,  two 
tablespoonfuls  of  the  powder  being  added  to  a  pint  (*57  litre)  of  the  dejecta 
and  allowed  to  act  for  20  minutes. 

3.  Gases.  Fumigation  with  so-called  disinfecting  gases,  and  more  especially 
with  formaldehyde  and  sulphur  dioxide,  has  long  been  practised  and  has  been 
supposed  to  give  satisfactory  results.  Some  years  ago,  however,  Walcott  and 
Curtis  at  Newton,  Massachusetts,  carried  out  a  series  of  careful  experiments 
as  nearly  as  possible  under  service  conditions  and  showed  that  fumigation  was 
a  useless  procedure.  They  were  led  to  invest’ gate  the  matter  because  it  was 
found  that  the  conclusions  formerly  reached  had  been  almost  exclusively 
based  upon  laboratory  conditions.  As  a  result  of  their  work  the  city  of  Newton 
abandoned  fumigation  and  its  example  was  shortly  followed  by  Boston  and 
New  York.  Many  hygienists  had  felt  doubtful  about  the  value  of  fumigation 
as  a  means  of  disinfecting  in  the  strict  sense  of  the  term  and  there  can  now  be  no 
doubt  that  the  process  is  discredited.  As  Walcott  points  out,  all  that  is  necessary 
in  the  case  of  a  sick  room  is  that  it  be  scrubbed,  scoured,  painted,  and  papered. 
If  this  is  true  of  temperate  climates,  where  it  is  easier  to  carry  out  such  a  work 
as  fumigation  thoroughly  and  conscientiously,  it  is  still  more  true  in  the  tropics, 
and  hence  no  mention  will  here  be  made  of  the  various  fumigation  methods 
for  disinfection  so  carefully  and  fully  described  in  every  text-book  of  hygiene. 
It  is  undoubtedly  a  process  of  camouflage,  and  an  expensive  and  troublesome 
process  to  boot,  which  should  be  discarded  in  the  future,  save  in  the  case  of 
books  and  paper  money,  where  disinfection  with  formaldehyde  may  apparently 
still  be  practised  with  advantage  ( vide  infra). 

It  is,  however,  necessary  to  describe  those  methods  of  fumigation  which 
are  employed  for  killing  vermin  and  insects,  even  though  they  do  not  rightly 
come  under  the  heading  of  4  Disinfection  ’. 

The  only  gases  which  need  be  considered  in  this  connexion  are  sulphur 
dioxide,  vapours  derived  from  the  cresols,  and  hydrocyanic  acid  gas.1 

In  the  case  of  a  room  care  must  be  taken  prior  to  fumigation  to  see  that  all 
cracks  and  crevices  through  which  gas  might  escape  are  closed  by  pasting 
paper  over  them  or  by  suitable  caulking.  Windows  and  doors  must  be  securely 
fastened  and  properly  occluded  and  all  other  avenues  of  possible  escape,  such 
as  chimneys,  flues,  ventilators,  etc.  efficiently  blocked.  Furniture  should  be 
moved  away  from  the  walls  and  everything  possible  done  to  favour  free 


1  Recent  French  work,  notably  by  Bertrand,  Brocq-Rousseau  and  Dassonville,  indicates 
that  chloropicrin  (nitrochloroform),  a  liquid  obtained  by  the  distillation  of  picric  acid  and 
calcium  chloride,  is  a  very  effective  agent  for  destroying  both  rats  and  fleas.  It  has  no  effect 
on  materials  or  colours  and  does  not  damage  grains  or  cereals.  Light  and  moisture  do  not 
markedly  affect  its  action  on  insects  but  the  rapidity  of  its  action  increases  as  the  tempera¬ 
ture  rises.  For  a  space  of  1000  cubic  metres,  1-5  kilogrammes  (900  c.c.)  acting  for  24  hours 
have  given  good  results.  All  that  is  necessary  is  to  sprinkle  the  liquid,  which  gives  off 
toxic  vapours,  throughout  the  enclosed  space.  The  operator  must  wear  a  mask  but  the  gas 
gives  evidence  of  its  presence  by  its  lachrymating  action.  Lutrario,  it  should  be  noted, 
considers  it  for  several  reasons  inferior  to  hydrocyanic  acid  gas  but  this  is  opposed  to  the 
French  view. 
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distribution  of  the  gas.  In  the  case  of  thatched  native  huts  it  is  best  to  adopt 
the  plan  introduced  by  the  French  in  West  Africa  and  cover  the  whole  building 
with  canvas  or  with  tarpaulins.  A  tent  can  sometimes  be  utilized  for  this 
purpose. 

Sulphur  dioxide.  This  gas  is  poisonous  to  most  forms  of  animal  life  and 
hence  is  of  value  in  killing  vermin.  When  used  for  such  germicidal  properties 
as  it  possesses,  and  these,  as  stated,  are  not  to  be  relied  upon,  the  addition  of 
moisture  to  the  atmosphere  is  essential,  and  this  intensifies  the  corrosive  action 
of  the  gas  on  metals  and  its  deleterious  action  on  fabrics.  Happily  moisture 
is  not  a  necessity  when  sulphur  dioxide  is  employed  against  vermin  and  there¬ 
fore  there  is  less  damage  to  these  substances.  The  action  of  sulphur  is  increased 
by  heat,  hence  it  usually  acts  well  under  tropical  conditions. 


Fig.  126.  Portable  type  of  small  Clayton  machine. 

There  are  three  well-known  ways  of  using  sulphur  as  a  fumigant : — 

1.  Pot  method.  This  is  simple  and  cheap.  The  sulphur  is  placed  on 
a  piece  of  crumpled  newspaper  in  a  shallow  iron  pot  of  solid  casting.  Not  more 
than  30  lb.  (13-6  kg.)  should  be  placed  in  any  one  pot  and  the  best  kind  to 
use  is  flowers  of  sulphur.  In  any  case  it  should  be  in  powder  form.  The  pot 
should  be  placed  in  a  vessel  partly  filled  with  water  to  diminish  the  risk  of  fire 
and  should  stand  not  on  the  floor  but  on  a  table  or  shelf  or  box  of  some  kind. 
Otherwise,  as  the  gas  cools,  its  specific  gravity  being  greater  than  that  of  air, 
it  will  sink  and  by  cutting  off  the  supply  of  oxygen  tend  to  extinguish  the 
flame  of  the  burning  sulphur. 

Pans  arranged  upon  a  rack  placed  in  a  tray  containing  water  can  be  used 
instead  of  the  pots. 

Some  alcohol  or  kerosene  is  poured  over  the  sulphur,  which  is  best  arranged 
in  the  form  of  a  crater  and  which  is  then  ignited.  Where  several  pots  are  used 
the  contents  of  those  farthest  from  the  exit  should  be  first  set  alight  and  the 
flame  applied  to  the  others  as  the  operator  makes  for  the  door. 
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Two  to  four  pounds  (907-2  grm.  to  1814-4  grm.)  of  sulphur  per  1,000 
cubic  ft.  (28-3  cm.)  are  required  and  the  fumigation  process  should  continue  for 
at  least  three  hours. 

2.  Liquid  sulphur  dioxide.  This  is  a  much  more  expensive  method  not 
largely  employed  in  the  tropics,  but  it  quickly  liberates  a  large  volume  of  gas 
and  there  is  no  risk  of  fire.  Two  pounds  of  the  liquid  compressed  gas,  which 
is  sold  in  small  cylinders,  produces  the  same  volume  of  sulphur  dioxide 
as  does  one  pound  of  burning  sulphur.  All  that  has  to  be  done  is  to  cut 
through  the  lead  pipes  in  the  tops  of  the  tins  and  invert  the  latter  into  an 
iron  pot.  Volatilization  takes  place  and  the  gas  at  once  begins  to  disperse 
through  the  chamber  so  that  the  operator  has  to  act  quickly  and  leave  the  room 
with  all  speed.  Very  often  he  leaves  unopened  cylinders  behind  him  unless 
he  is  furnished  with  a  mask. 

3.  Furnace  method.  The  best-known  furnace  is  the  Clayton  apparatus, 
of  which  there  are  various  types, 

from  a  simple  hand-worked  port¬ 
able  machine  to  the  large  instal¬ 
lations  driven  by  petrol  and 
electricity  and  used  chiefly  for 
maritime  work.  The  principle  is 
the  same  throughout,  the  sulphur 
being  burnt  in  an  iron  generator 
through  which  air  is  drawn  by  a 
fan  (figs.  126  and  127).  The 
products  of  combustion  are  air¬ 
cooled  by  being  passed  through  a 
radiator  before  they  reach  the  fan. 

They  are  then  driven  through  a 
rubber  hose  into  the  compart¬ 
ment  which  has  to  be  treated  or 
the  special  chamber  wherein 
articles  are  disinfected.  In  the 
larger  types  of  apparatus  the 

small  tubes  through  which  the  gas  passes  are  water- jacketed,  so  there  is  no  risk 
of  overheating  or  of  fire.  A  Root  blower  takes  the  place  of  the  fan.  Another 
pipe  supplies  air  to  the  generator  and  this  air  is  obtained  by  suction  from  the 
compartment  undergoing  fumigation  or  from  the  disinfection  chamber. 

Two  special  points  about  the  furnace  system  are  that  a  large  percentage 
of  gas  may  be  blown  into  a  given  space  and  that  the  operator  is  able  to  estimate 
and  control  the  amount  of  gas  generated  throughout  the  period  of  disinfection. 
Whereas  by  the  open  method  it  is  not  possible  to  produce  an  atmosphere  con¬ 
taining  more  than  4  per  cent  of  the  gas,  as  much  as  6  per  cent  may  sometimes 
be  reached  by  the  Clayton  process.  Theoretically  a  higher  percentage  should  be 
obtainable,  but  in  practice  this  is  not  the  case,  for  the  fumes  first  entering  mix 
with  the  air  and  this  mixture  is  displaced  by  the  gas  which  continues  to  be 
discharged.  Three  per  cent  is  the  usual  working  strength. 

The  percentage  of  gas  from  the  generator  should  not  be  allowed  to  rise 
higher  than  15  to  16  per  cent,  for  if  it  attains  20  per  cent,  which  is  approximately 
the  amount  of  oxygen  in  the  air,  no  more  oxygen  is  available  and  sulphur 
vapours  are  given  off  while  sublimation  of  sulphur  occurs  in  the  cooler  tubes. 
When  fumigating  an  enclosed  space,  a  rough  idea  of  the  minimum  quantity 
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Fig.  127.  Diagrammatic  sketch  illustrating 
Clayton  disinfecting  process. 
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of  sulphur  required  may  be  obtained  from  the  volume,  namely  12  cubic 
ft.  (-3396  cub.  m.)  of  sulphur  dioxide  produced  from  1  lb.  (453-6  grm.)  of 
sulphur. 

‘  This  amount  is  not  produced  as  a  pure  gas,  but  is  mixed  with  the  nitrogen  and 
excess  oxygen  of  the  atmosphere,  and  delivered  from  the  machine  at  a  maximum 
strength  of  15  per  cent  to  18  per  cent,  giving  a  volume  of  80  to  66  cub.  ft.  per  pound 
respectively.  A  further  dilution  takes  place  by  mixture  with  the  atmosphere  in  the 
compartment,  and  a  varying  amount  of  escape  always  occurs,  so  that  it  is  preferable 
to  rely  on  tests  of  the  sulphur  dioxide  strength  attained  and  kept  up  for  the  requisite 
time  in  the  compartment,  rather  than  on  the  amount  of  sulphur  consumed.  The 
“  charge  ”  of  sulphur  varies  with  the  type  of  machine  in  use.  The  first  charge  for  the 
“  A  ”  type  machine  is  100  lb.  ;  for  the  “  B  ”  type  machine,  250  lb.  ;  and  for  the 
“  E  ”  type,  200  lb. 

Empty  compartments  which  require  treatment  will  be  thoroughly  disinfected 
if  a  minimum  strength  of  3  per  cent  gas  is  maintained  everywhere  within  them  for 
not  less  than  two  hours.’ 


Fig.  128.  The  Clayton  testing  apparatus. 


This  is  best  done  by  introducing  a  high  strength  of  gas  (say  15  per  cent)  con¬ 
tinuously  and  permitting  it  to  diffuse  and  mix  with  the  air  in  the  compartment 
so  that  a  more  or  less  uniform  strength  of  3  per  cent  is  maintained. 

On  the  other  hand,  if  one  is  dealing  with  loaded  compartments  such  as 
ships’  holds  it  is  better  and  quicker  to  introduce  a  large  volume  of  gas  with 
a  strength  not  exceeding  3  per  cent  rather  than  the  same  volume  at  a  higher 
percentage.  This  is  specially  true  when  articles  which  readily  absorb  the  gas 
are  being  disinfected,  such  as  blankets  and,  in  the  case  of  ships,  cargoes  of 
cotton,  jute,  and  wool.  Articles  of  this  kind  hinder  the  diffusion  and  dis¬ 
infecting  properties  of  a  high  percentage  of  gas  much  more  than  gas  at  the  lowr 
strength  of  3  per  cent. 

Full  particulars  as  to  the  working  of  the  different  types  of  apparatus  and 
as  to  the  testing  of  the  gas  are  furnished  by  the  Clayton  Fire  Extinguishing 
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and  Ventilating  Company,  Ltd.  of  London  and  need  not  here  be  given  in  full, 
for  the  account  is  a  lengthy  one  and  space  is  limited.  An  excellent  list  of 
instructions  is,  however,  given  in  the  4  Notes  for  Sanitary  Officers  ’  with  the 
British  Expeditionary  Force  in  France,  1917,  and  as  these  are  likely  to  be 
useful  to  medical  officers  in  the  tropics  they  are  here  in  part  transcribed  : 


‘  Arrangement  of  a  Clayton  Disinfecting  Station. 

In  selecting  a  site  for  a  disinfecting  station  the  following  points  should  be  borne 
in  mind  : — 


(1)  It  should  be  apart  from  any  occupied  building. 

(2)  If  existing  buildings  or  huts  are  to  be  made  use  of, 

(a)  A  room,  cellar,  or  hut  of  a  size  not  exceeding  6,000  cubic  feet  and  10  feet 
in  height,  and  capable  of  being  made  gas-tight  should  be  chosen  for  the  disinfect¬ 
ing  chamber.  It  should  have  doors  or  windows  on  opposite  sides  to  permit  of  free 
ventilation  after  disinfection. 

( b )  An  adjoining  room  or  outhouse  is  required  to  house  the  Clayton  Machine  and 
materials. 

( c )  Suitable  rooms  should  be  selected  to  store  separately  infected  and  disinfected 
articles. 


Where  possible  the  disinfecting  chamber  selected  should  be  made  gas-tight  by 
means  of  matchboarding  and  tarred  felt  or  other  material.  If  this  is  not  practicable, 
all  crevices  and  openings  should  be  closed  by  pasting  over  paper  or  sealed  by  means 
of  glaziers’  putty.  Particular  attention  should  be  paid  to  the  fitting  of  windows  and 
doors.  An  impervious  floor  is  essential.  No  “  made  ”  floor  of  earth,  chalk,  etc.  should 
be  permitted.  It  should  be  of  wood,  properly  caulked  or  of  concrete.  The  walls  on 
two  opposite  sides  should  be  pegged  and  hooks  driven  in.  Lines  on  which  blankets 
and  clothing  can  be  hung  should  be  arranged  across  the  room  and  spaced  so  that  the 
articles  hang  just  clear  of  one  another.  The  lowest  line  should  be  at  such  a  height 
that  blankets  suspended  thereon  would  be  about  one  foot  from  the  floor.  (Floor  space 
may  be  used  for  equipment.)  Suitable  orifices  are  required  for  suction  and  delivery 
hose.  Three  orifices  are  necessary  ;  two  should  be  near  the  top  of  the  chamber,  as 
far  apart  as  practicable,  and  the  third  near  the  floor  level.  The  delivery  hose  should 
be  placed  in  one  of  the  upper  orifices  and  the  suction  hose,  according  to  whether  mixed 
articles  or  blankets  are  to  be  disinfected,  should  be  inserted  in  the  other  orifice  near 
the  top  of  the  chamber  or  the  one  at  floor  level  respectively.  The  opening  not  in  use 
should  be  plugged  up.  The  reason  for  this  is  that  the  gas  in  a  chamber  of  mixed 
articles  is  not  readily  absorbed  and  descends  rapidly  ;  there  is,  therefore,  no  necessity 
to  cause  a  downward  suction  in  the  chamber.  The  air  may  be  drawn  out  from  the 
top  until  all  has  been  displaced  by  the  gas.  With  blankets,  however,  the  absorption 
of  gas  is  so  rapid  that  a  downward  suction  is  necessary  in  order  to  fill  the  lower  part 
of  the  chamber  with  gas.  This  is  produced  when  the  suction  hose  is  inserted  in  the 
floor  level  orifice. 

Once  the  hose  are  placed  in  position,  they  should  be  tightly  packed  with  rags  at 
entry  to  chamber  during  disinfection.  (Disconnexion  of  hose  can  be  made  at  the 
union  with  machine  when  necessary.) 

Bore  a  small  hole  in  one  of  the  walls  (at  a  height  of  about  6  feet)  to  take  the 
fth  inch  rubber  tubing  used  in  testing  percentage  of  gas  in  chamber.  This  hole 
should  not  be  near  the  suction  or  delivery  pipes,  and  should  be  plugged  when 
not  in  use. 

The  best  type  of  room  is  one  having  a  capacity  of  about  3,000  cubic  feet 
and  a  height  of  about  7  or  8  feet.  In  such  a  room  some  600  blankets  may  be 
disinfected  at  one  time,  the  blankets  being  folded  four-ply. 

Where  no  building  is  available  for  use,  a  disinfecting  station  on  the  lines  of  the 
plan  shown  below  should  be  erected.1  This  type  (a  wooden  structure)  has  been  found 
to  give  good  results.  The  floor  should  be  of  concrete  or  wood  with  caulked  joints. 
The  walls  and  ceiling  should  all  have  caulked  joints  or  be  lined  with  tarred  felt.  The 
doors  should  be  tight  fitting  ones  with  screw  fastenings.  .  .  . 


1  Not  reproduced;  reference  should  be  made  to  the  original  ‘Notes'. 
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Instructions  for  Attendants  at  Disinfecting  Stations  operated  by  Clayton  Apparatus. 
A.  Motor-driven  Machines. 

(1)  Load  up  the  chamber  with  articles  to  be  disinfected.  Do  not  pack  the  articles 
too  closely  :  they  should  be  hung  just  clear  of  each  other.  .  .  . 

(2)  Close  all  doors  and  windows  in  the  chamber.  See  that  the  suction  and  delivery 
pipes  are  in  position  and  properly  packed  at  entry  into  chamber.  (Suction  pipe  wide 
apart  from  delivery  pipe  at  the  top  of  the  chamber.) 

(3)  Open  the  valve  on  the  top  of  the  generator. 

(4)  Place  about  8  lb.  of  sulphur  ( large  pieces)  in  the  generator,  then  throw  in  about 
2  lb.  of  the  powdered  sulphur  usually  found  at  the  bottom  of  each  bag  of  sulphur. 
Spread  it  over  the  floor  with  a  good  proportion  at  the  far  end.  Shut  the  air  inlet 
situated  above  the  charging  door. 

(5)  See  that  the  pipes  are  connected  with  the  suction  and  delivery  orifices  on  the 
machine.  The  delivery  hose  should  always  be  at  the  top  of  the  chamber,  and  when 
packed  in  position  should  not  be  removed.  The  suction  hose  should  be  inserted  in  the 
other  orifice  at  the  top  when  disinfecting  clothing,  but  if  blankets  are  to  be  disinfected 
it  should  be  inserted  in  the  orifice  at  the  floor  level.  Block  up  the  orifice  not  in  use. 
Start  the  engine  running. 

(6)  Sprinkle  half  a  pint  of  methylated  spirits  over  the  sulphur.  Ignite  the  sulphur 
with  an  improvised  torch  and  close  the  door.  Do  not  stand  in  front  of  the  charging 
door  when  applying  the  torch.  If  the  sulphur  burns  properly  the  pipe  from  the 
generator  will  begin  to  heat  up  at  once. 

(7)  As  the  sulphur  is  consumed,  re-charge  so  as  to  keep  about  one-half  inch  molten 
sulphur  on  the  floor  of  the  generator.  Rake  the  molten  sulphur  occasionally.  (On 
withdrawal  from  the  generator  immerse  the  rake  in  a  bucket  of  water  which  should 
be  kept  near  by  the  engine.)  If  a  scum  forms  on  the  surface  of  the  molten  sulphur 
it  indicates  that  impure  sulphur  is  being  used,  and  consequently  it  will  be  difficult  to 
obtain  the  proper  percentage  of  gas  in  the  chamber. 

(8)  After  running  the  machine  for  twenty  minutes,  open  the  air  inlet  situated 
above  the  charging  door.  Make  frequent  test  of  the  percentage  of  gas  from  the  pet- 
cock  and  in  the  disinfecting  chamber. 

The  testing  of  the  gas  delivered  through  the  pet-cock  does  not  indicate  the  amount 
actually  in  the  chamber  (which  can  only  be  ascertained  by  using  the  rubber  syringe 
or  aspirator),  but  indicates  the  amount  of  gas  being  generated.  This  should  not  be 
allowed  to  exceed  15-16  per  cent.  If  it  is  noticed  to  be  rising  beyond  this  figure, 
open  the  charging  door  of  the  generator  until  another  test  shows  that  the  percentage 
has  been  sufficiently  reduced. 

(9)  To  ensure  disinfection  maintain  3  per  cent  of  gas  in  the  chamber  for  two 
hours,  or 

(10)  Where  gas-tight  chambers  of  not  more  than  3,000  cubic  feet  are  in  use,  5  per 
cent  of  sulphur  dioxide  may  be  maintained  for  a  period  of  one  hour. 

Similarly  in  chambers  of  not  more  than  2,000  cubic  feet  capacity,  8  per  cent  of 
sulphur  dioxide  may  be  maintained  for  a  period  of  half  an  hour. 

In  these  cases,  after  3  per  cent  has  been  indicated,  the  suction  hose  should  be 
unscrewed  from  the  generator  and  the  air  inlet  in  front  closed.  Fresh  air  then  enters 
the  generator  through  the  suction  orifice.  Frequent  tests  of  the  percentage  of  the 
gas  in  the  chamber  should  be  continued,  and  when  the  desired  percentage  is  reached 
open  the  frontal  air  inlet  and  screw  on  the  suction  hose  again.  The  operations  do  not 
necessitate  stoppage  of  the  engine.  .  .  . 

(11)  When  the  operation  is  finished  remove  the  screw  cap  at  the  bottom  of  the 
pipe  leading  from  the  generator,  close  the  valve  at  the  other  end  of  this  pipe  (above 
generator),  also  air  inlet  in  front.  Unscrew  the  suction  pipe  and  plug  up  the  aperture 
with  the  cap  provided.  Continue  to  run  the  engine  for  a  couple  of  minutes  so  as  to 
draw  all  the  gases  out  of  the  cooling  pipes.1 

(12)  Open  all  doors  and  windows  in  the  chamber  to  allow  the  gas  to  escape,  then 

remove  the  disinfected  articles.  The  articles  should  be  well  shaken  before  leaving 

© 

1  If  for  any  reason  the  motor  stops  before  the  operation  is  finished,  open  the  charging  door 
to  admit  air  to  keep  the  sulphur  alight  until  the  motor  is  restarted.  If  the  stoppage  is  likely 
to  be  of  long  duration,  close  the  valve  above  the  generator,  unscrew  suction  hose  from  generator 
and  screw  the  plank  cap  provided,  otherwise  vaporized  sulphur  will  condense  along  the  pipes. 
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disinfecting  station.  If  time  is  important  gas  helmets  may  be  worn,  and  the  articles 
removed  as  soon  as  disinfection  is  completed. 

(13)  After  each  “  Run  ”  : 

(a)  Clean  out  the  cooling  pipes,  remove  existing  deposit,  and  wash  them  out  with 
lime  water  or  other  alkaline  liquid. 

(b)  Thoroughly  clean  and  overhaul  the  engine  and  fan. 

(14)  At  the  end  of  the  last  “  run  ”  of  the  day’s  work  the  sulphur  in  the  generator 
should  be  burnt  right  out  and  the  generator  scraped  and  dirt  removed. 

(15)  Before  re-starting  see  that  the  engine  has  sufficient  petrol  and  oil  to  complete 
a  “  run  ”. 

(16)  Pay  particular  attention  to  the  detailed  instructions  regarding  the  testing  of 
the  gas  and  the  care  of  the  motor. 

B.  Hand-driven  Machines. 

(17)  The  gears  of  hand-driven  machines  are  coated  with  a  rust-preventing  jelly 
when  leaving  the  works.  Clean  these  before  commencing  and  apply  lubricating  oil. 

(18)  The  instructions  given  above  apply  equally  to  these  machines.  A  steady  speed 
of  40  turns  a  minute  in  the  direction  of  the  arrow  should  be  maintained. 

(20)  The  instructions  contained  in  paras.  (9)  and  (10)  apply  to  the  disinfection 
of  verminous  clothing  and  bedding.  Where  articles  from  cases  of  infectious  disease 
have  to  be  disinfected  by  this  method,  no  steam  disinfector  being  available,  the 
articles  must  be  subjected  to  a  3  hours’  run  at  as  high  a  percentage  of  gas  as  can  be 
obtained,  and  afterwards  the  chamber  must  be  kept  sealed  for  a  further  period  of  at 
least  12  hours. 


Gas  Testing. 

The  test  carried  out  by  means  of  a  burette  graduated  in  hundredths,  is  based  on 
the  fact  that  Avater  will  absorb  many  times  its  own  volume  of  sulphur  dioxide,  and 
consists  of  filling  the  body  of  the  burette  with  gas  (from  the  generator  or  chamber), 
admitting  water,  and  after  agitation  noting  the  amount  of  water  drawn  into  the 
burette  ;  this  will  equal  the  volume  of  sulphur  dioxide  absorbed,  and  may  be  read 
off  directly  as  a  percentage. 

The  test  should  be  done  frequently  at  intervals  of  not  more  than  15  minutes. 
Cased  burettes  may  be  used  without  removal  of  the  casing. 

The  hole  in  the  wall  of  the  chamber  to  enable  samples  of  gas  to  be  withdrawn 
should  be  cut  as  far  away  as  possible  from  the  suction  and  delivery  pipe  orifices. 

Instructions  for  Attendant  when  testing  Gas. 

1.  Tests  are  made  from  either  generator  or  chamber  by  means  of  the  test  burette 
and  small  rubber  tubes  provided.  From  the  generator  the  burette  and  pet-cock  on 
delivery  outlet  of  the  blower  are  connected  by  attachment  of  tubing.  From  the 
chamber  the  burette  is  filled  with  gas  by  means  of  the  rubber  pump  provided,  which 
is  connected  to  the  rubber  tube  leading  from  the  chamber,  or  by  means  of  an  im¬ 
provised  aspirator  (fig.  128). 

Testing  Gas  from  Generator. 

2.  Attach  burette  to  pet-cock,  hold  burette  with  the  cup  downwards,  open  both 
cocks  of  burette  and  pet-cock,  and  allow  the  gas  to  pass  through  for  about  half  a  minute. 

3.  Close  the  three  cocks,  commencing  with  the  one  on  the  burette  nearest  the  cup. 

4.  Detach  the  burette,  give  the  upper  cock  one  complete  turn.  This  brings  the 
gas  to  normal  pressure. 

5.  Fill  the  cup  of  the  burette  with  water. 

6.  Open  the  top  cock  to  allow  a  few  drops  of  water  to  flow  into  the  body  of  the 
burette  from  the  cup,  then  shut  it. 

7.  Place  the  palm  of  the  hand  over  the  cup,  two  fingers  of  the  other  hand  under 
the  bottom  cock  and  shake  up  the  water  in  the  burette  so  as  to  absorb  the  gas. 

8.  Repeat  6  and  7,  then  open  the  top  cock  until  the  water  ceases  to  run  in. 

Q  2 
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9.  Hold  the  burette  so  that  the  water  in  the  body  is  level  with  the  eyes,  read  off 
the  level  of  the  water  shown  by  the  degrees  on  the  burette.  For  example,  if  the  water 
is  level  with  5,  6  or  7  degrees,  then  5,  6  or  7  per  cent  respectively  of  the  gas  is  indicated. 

Testing  Gas  in  Chamber. 

10.  By  means  of  Rubber  Pump.— Attach  the  pump  to  rubber  tube  from  chamber 
and  to  the  burette,  open  both  cocks  of  the  burette,  squeeze  the  bulb  until  a  fair  amount 
of  gas  issues  from  the  cup  end  of  the  burette,  then  close  the  cocks,  and  disconnect  the 
burette.  Proceed  as  detailed  above. 

11.  By  means  of  an  improvised  Aspirator.— The  cocks  on  the  burette,  and  the  tap 
on  the  drum  are  opened,  and  about  half  a  gallon  of  water  run  off.  The  cocks  on  the 
burette  are  then  closed,  the  burette  disconnected,  and  the  test  is  carried  out  as  stated 
above. 

12.  During  a  test  do  not  hold  a  burette  in  the  palm  of  the  hand  or  expose  it  to 
the  sun’s  rays. 

13.  After  each  test  wash  out  the  burette  with  clean  water,  then  drain  it.  Keep 
the  rubber  pump  in  a  cool  place. 

14.  When  not  in  use  keep  the  burette  in  the  spare  part  box  provided. 

Notes  for  Inspecting  Officers. 

When  inspecting  these  machines  note  : — 

(1)  The  nature  of  the  disinfecting  chamber,  cubic  capacity,  and  whether  gas-tight 
or  not. 

(2)  The  position  of  inlet  and  outlet  pipes  ;  these  should  be  as  far  apart  as  possible. 

(3)  The  position  of  aperture  for  testing  gas  in  the  chamber  ;  this  should  on  no 
account  be  near  the  suction  and  delivery  pipes. 

(4)  The  method  of  loading  chamber  and  distribution  of  articles  to  be  disinfected. 

(5)  The  position  of  engine.  It  should  be  under  cover  and  on  level  ground. 

(6)  The  condition  of  cooler  tubes — by  removing  the  heads  ;  “  furring  ”  indicates 
neglect  of  working  instructions,  and  is  evidence  of  too  high  a  percentage  of  gas  having 
been  delivered  from  generator  and  consequent  sublimation. 

(7)  The  amount  of  sulphur  used  during  a  “  run  ”  ;  this  can  be  used  to  check  the 
operator’s  statements  as  to.  “time”  and  percentage  maintained.  For  instance,  an 
operator  states  that  he  has  used  12  lb.  of  sulphur  during  a  run  of  2  hours  and  main¬ 
tained  3  per  cent  of  sulphur  dioxide  in  a  chamber  with  a  capacity  of  6,000  cubic  feet. 
One  pound  of  sulphur  makes  12  cubic  feet  of  sulphur  dioxide  or  400  cubic  feet  of 
3  per  cent  sulphur  dioxide  ;  it  follows  that  15  lb.  of  sulphur  are  required  to  fill  the 
chamber,  under  ideal  conditions,  with  3  per  cent  sulphur  dioxide.  Allowing  for 
leakage  and  absorption  being  equivalent  to  the  air  space  displaced  by  the  articles 
disinfected,  it  will  be  seen  that  to  maintain  3  per  cent  of  sulphur  dioxide  for  2  hours 
a  quantity  of  sulphur  additional  to  the  initial  15  lb.  will  be  required.  This  quantity 
will  vary  according  to  the  running  of  the  engine,  and  the  rate  at  which  the  gas  escapes 
from  the  chamber.  The  more  gas-tight  the  chamber,  the  less  will  be  the  sulphur 
consumption. 

(8)  The  percentage  of  sulphur  dioxide  delivered  from  the  generator  and  in  the 
chamber,  also  the  method  of  testing  the  percentage  of  gas  as  carried  out  by  the  operator. 
If  the  burette  is  improperly  handled,  errors  varying  from  1  to  5  per  cent  may  occur.’ 

When  a  ship  or  barge  is  to  be  fumigated  it  should  be  divided  into  sections, 
each  being  treated  separately.  Hatches  should  be  placed  in  position,  portholes 
and  ventilators  closed,  with  the  exception  of  one  opening  for  the  insertion  of 
pipes.  In  ships  water-tight  doors  should  be  shut  and  ventilator  cowls  covered 
with  canvas.  Holds  are  usually  fumigated  separately  from  other  parts  of  the 
vessel.  It  is  advisable  to  start  fumigating  at  one  end  of  the  vessel  and  proceed 
systematically  to  the  other  end.  Three  pounds  of  sulphur  per  1,000  cubic 
feet  is  the  usual  allowance  and  a  simple  and  rapid  calculation  is  to  allow 
3  lb.  for  each  10  tons  of  gross  tonnage.  The  cost  is  roughly  £l  for  every  100 
tons  gross  register.  The  fumigation  is  continued  for  12  hours  and  it  is 
claimed  for  the  Clayton  process  that  it  is  germicidal,  insecticidal,  and  kills  the 
larger  vermin  such  as  rats  and  mice. 
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Hossaek,  writing  in  1915,  stated  that  it  was  the  best  apparatus  known  at  that 
time  for  general  application  to  ships,  but  mentioned  its  disadvantages,  some  of 
which  had  been  noted  by  medical  officers  of  the  Local  Government  Board 
who  had  carried  out  a  series  of  special  researches  on  the  subject.  Briefly,  these 
disadvantages  are  the  partial  failure  of  the  system  when  applied  to  the  hold 
of  a  ship  full  of  cargo.  Thus  in  the  case  of  a  tightly  packed  cargo  it  is 
difficult  to  secure  proper  penetration.  Again,  as  already  indicated,  great 
absorption  of  gas  takes  place  when  a  cargo  like  baled  jute  or  baled  cotton 
is  fumigated.  A  bale  of  cotton  or  jute  requires  for  saturation  100  times  its 
bulk  of  10  per  cent  Clayton  gas.  As  a  result,  gas  to  the  extent  of  several 
times  the  bulk  of  the  ship  may  be  injected  and  yet  parts  of  the  hold  may 
never  be  reached  by  it.  Finally,  irretrievable  damage  is  done  to  certain 
food-stuffs  such  as  fruit,  vegetables,  fresh  meat,  and  wheat  in  bags.  Wheat 
in  bulk  is  not  seriously  damaged  and  barley  and  maize  escape.  Indeed  Salvado 
asserts  that  the  gas  contributes  to  the  preservation  of  cereals  and  pulses,  and 
he  insists  on  the  fact  that  it  prevents  the  deterioration  of  certain  food-stuffs 
caused  by  insects. 

In  ships  where  charcoal  packing  is  used  for  the  insulation  of  refrigerators 
the  Clayton  process  must  be  employed  with  care  owing  to  the  risk  of  fire. 
Rosenhaim  has  shown  that  at  5  per  cent  of  sulphur  dioxide  spontaneous  ignition 
occurs  in  the  presence  of  charcoal. 

It  is  impossible  to  give  here  a  complete  account  of  how  a  ship  is  ‘  Claytonized  ’, 
and  there  is  no  need,  for  full  instructions  are  issued  by  the  Company  along  with 
their  machines.  Every  tropical  port  of  any  size  should  have  one  of  these, 
unless  the  cyanide  process  is  preferred,  and  one  of  the  portable,  hand-driven 
types  is  a  very  useful  addition  to  the  armature  of  a  medical  officer  who  has  to 
safeguard  a  small  community  from  the  spread  of  communicable  disease  and  the 
dangers  of  its  insect  vectors. 

Cresol  fumigation.  This  has  come  a  good  deal  into  use  in  the  tropics  of  late 
years  for  insecticidal  purposes.  For  the  destruction  of  mosquitoes  it  is  best 
vaporized  in  a  shallow  metal  container  over  a  lamp  or  other  source  of  heat, 
using  about  4J  oz.  (127-5  c.c.)  per  1,000  cubic  feet  (28-3  cub.m.). 

Hydrocyanic  acid  gas.  Of  late  years  the  employment  of  this  gas  has 
greatly  increased,  for  it  is  a  most  deadly  insecticide  and  also  kills  rats  and  mice, 
though  it  is  of  little  account  as  a  bactericidal  agent.  Its  chief  drawback  is  its 
very  poisonous  nature,  but  it  is  fairly  cheap  and  is  not  destructive  to  metals, 
fabrics,  and  other  substances  exposed  to  it.  The  taste  of  the  gas  usually  gives 
warning  in  time.  Still  a  good  many  accidents  have  happened  with  it,  and  its 
employment,  though  justifiable,  demands  great  care  and  the  wearing  of  a  pro¬ 
tective  mask  by  the  operator.  This  is  easily  constructed,  for  the  gas  is  rapidly 
absorbed  by  an  alkaline  solution.  In  an  emergency  a  cloth  soaked  in  caustic 
soda  solution  and  tightly  wrapped  round  the  face  can  be  employed.  The 
vapour  of  hydrocyanic  acid  is  lighter  than  air  and  readily  diffusible,  while  in 
the  percentages  used  in  fumigation  there  is  no  danger  of  explosion  or  fire. 
It  is  now  largely  employed  in  agricultural  work,  practically  every  insect  pest 
except  the  weevil  quickly  succumbing  to  it. 

The  gas  is  usually  generated  by  the  action  of  dilute  sulphuric  acid  upon 
potassium  cyanide,  the  following  proportions  being  given  by  Rosenau  :  potas¬ 
sium  cyanide  1  part,  sulphuric  acid  1-5  parts  and  water  2-25  parts. 

The  acid  is  diluted  with  water  in  some  vessel  which  will  withstand  the  heat 
evolved  and  then  the  whole  of  the  cyanide  is  added  at  once  to  the  acid.  Gas  is 
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rapidly  evolved  and  the  operator,  if  unprotected  by  a  gas  mask,  must  retire 
immediately  to  safety. 

The  quantity  of  cyanide  required  will  vary  with  the  kind  of  place  to  be 
fumigated  but,  roughly,  ten  ounces  per  1,000  cubic  feet  is  found  effective. 
Half  this  quantity  has  proved  sufficient  in  certain  steamer  fumigations  for 
killing  rats  and  fleas  (vide  infra). 

Owing  to  its  poisonous  properties  special  means  have  been  devised  to  lessen 
the  risk  of  accidents. 

The  cyanide  can  be  put  in  a  paper  bag  or  fine  muslin  cloth  which  is  attached 
to  a  cord  running  over  a  pulley,  the  cord  being  carried  outside  the  room  and 
building.  In  this  way  the  operator  can  lower  the  cyanide  into  the  acid  without 
exposing  himself  to  the  gas. 

The  Americans  have  introduced  special  portable  machines  for  the  generation 
of  hydrocyanic  acid  gas  used  as  a  fumigant  in  agricultural  work.  These  might 
with  advantage  be  employed  like  portable  Claytons. 

The  latest  form  is  known  as  the  cyanofumer,  and  consists  of  two  tanks  one 
above  the  other.  The  upper  contains  cyanide  solution,  the  lower  sulphuric  acid 
and  water.  A  pump  discharges  measured  quantities  of  the  cyanide  solution 
into  the  acid  and  water,  gas  is  at  once  generated  and  is  emitted  through  a 
delivery  hose.  In  this  way  greater  accuracy  of  dosage,  cleanliness,  rapid 
generation  of  gas  and  thus  a  greater  concentration  of  gas  are  secured. 
So  far  as  agricultural  work  is  concerned  Woglum,  in  the  United  States,  has 
recommended  on  the  score  both  of  economy  and  efficiency  the  use  of  a  high- 
grade  sodium  cyanide  in  preference  to  the  potassium  salt.  He  also  lays  stress 
on  the  fact  that  any  cyanide  used  should  not  contain  more  than  a  trace  of  sodium 
chloride,  for  the  latter,  as  shown  by  Newell,  produces  a  secondary  reaction 
resulting  in  a  decomposition  of  the  hydrocyanic  acid  gas  evolved,  owing  to 
a  liberation  of  hydrochloric  acid. 

In  1915  Creel,  Faget,  and  Wrightson  of  the  U.S.  Public  Health  Service 
carried  out  important  experiments  on  the  subject  of  hydrocyanic  acid  gas 
fumigation.  They  found  that  this  gas  had  greater  penetrability  and  was  more 
rapidly  toxic  to  vermin  than  sulphur  dioxide,  and  they  described  a  rough  and 
ready  method  of  using  it.  (  U.S.  Public  Health  Report ,  December  3,  1915.) 

In  1917  further  experiments  were  conducted  by  Creel  and  Simpson  and  are 
quoted  by  King  as  follows  : 

4  They  employed  cyanide  in  a  proportion  of  44  5  ounces  per  1,000  cubic  feet  of 
space  with  duration  of  exposure  of  1^  hours  for  holds  and  one-lialf  hour  for  super¬ 
structures  ”.  .  .  . 

Sulphur  when  used  was  in  the  proportion  of  3  pounds  per  1,000  cubic  feet  of  space 
with  duration  of  exposure  of  6  hours  for  holds  and  superstructures  alike. 

The  test  of  efficacy  was  held  to  be  the  grade  of  freedom  from  infestation  by  rodents, 
as  ascertained  by  subsequent  trapping.  This  test  they  admit  is  rough,  but,  as  it  was 
applied  to  both  vessels  in  which  cyanide  gas  and  sulphur  was  used,  they  believe  that 
their  conclusions  are  reasonably  accurate.  They  state  they  found  44  a  very  marked 
disparity  in  the  efficiency  of  sulphur  dioxide  as  compared  with  cyanide  gas,  in  the 
treatment  of  superstructures.  These  compartments,  such  as  store  rooms,  poop  decks, 
crews’  quarters,  etc.,  are  generally  partially  filled  with  supplies,  stores,  dunnage,  etc., 
and  it  would  appear  that  the  greater  effectiveness  of  cyanide  gas  is  due  to  its  greater 
penetrating  powers,  as  well  as  toxicity”. 

The  fumigation  with  either  gas  in  unloaded  holds  proved  no  material  difference  in 
efficacy,  but  in  cargo  laden  holds  there  is  indicated  a  greater  efficiency  in  the  case  of  the 
cyanide  gas.  Conditions  in  store  rooms,  crews’  quarters,  poop  decks,  etc.,  are  more  or 
less  similar  to  those  of  loaded  holds,  and,  on  the  basis  of  the  results  of  the  fumigation 
of  these  superstructures,  it  is  believed  that  it  can  be  safely  asserted  that  cyanide  gas 
is  far  more  effective  in  the  fumigation  of  loaded  holds  than  is  sulphur  dioxide.’ 
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The  writer  has  seen  a  vessel  fumigated  at  Bombay  by  the  method  devised 
by  Liston,  Stevenson,  and  Taylor,  who  later  employed  the  simple  and  ingenious 
apparatus  shown  in  fig.  129.  One  of  their  machines  of  this  type  suffices  for 
the  fumigation  of  an  ordinary  Indian  dwelling-house,  but  five  or  six  would  be 
needed  for  a  large  vessel  or  godown  (store).  As  they  say,  when  speaking  of 
the  first  apparatus  they  used,  the  gas  is  generated 

4  by  mixing  together  solutions  of  potassium  cyanide  and  sulphuric  acid  of  50  per  cent 
strength.  The  two  solutions  were  placed  in  two  large  separator  funnels  which  led 
through  a  rubber  bung  at  the  top  of  the  bell-jar  ;  by  means  of  stop-cocks,  the  two 
solutions  were  allowed  to  flow  at  any  desired  rates  into  the  lead  vessels  below.  When 
the  two  solutions  mixed  hydrocyanic  acid  gas  was  rapidly  evolved.  The  rate  of 
production  of  the  gas  could  be  delicately  regulated  by  the  stop-cocks,  and  by  observing 
the  evolution  of  the  gas  through  the  gas  bell-jar.  We  were  able  thus,  at  the  beginning 
of  fumigation  to  produce  large  quantities  of  gas  by  running  in  the  two  solutions 
rapidly  into  the  leaden  vessel,  and  later,  by  running  the  two  solutions  less 
rapidly,  we  could  keep  up  the  concentration  of  the  gas  in  the  room  which  was  being 
disinfected.’ 

As  a  result  of  further  experimental  work  Liston  and  Gore  find  that  the  most 
convenient  concentrations  of  these  solutions  for  use  is  33-3  per  cent  strength 
of  each  in  water,  and  that  the  fluids  may  be  allowed  to  mix  slowly  in  an  open 
flat  dish  placed  within  the  room,  the  two  tubes  conveying  the  solutions  into 
the  room  opening  immediately  over  the  dish.  Such  an  arrangement  is  very 
suitable  for  small  rooms  of  from  100  to  500  cubic  feet  capacity.  In  the  case  of 
larger  rooms  a  more  elaborate  plant  is  required. 

Half  an  ounce  each  of  pure  potassium  cyanide  and  strong  sulphuric  acid  is 
required  for  every  100  cubic  feet  of  space  to  be  treated,  and  gives  approximately 
110  parts  of  HCN  per  100,000  parts  by  volume  of  mixed  gases  in  the  room. 
The  fumigation  should  last  4  to  6  hours. 

They  have  also  introduced  a  test  to  enable  the  presence  of  the  gas  to  be 
detected  apart  from  its  odour  and  taste.  A  paste  is  made 

4  by  mixing  in  a  dry  mortar  caustic  soda  and  ferrous  sulphate.  This  is  applied  to 
a  glass  rod  and  the  rod  is  exposed  to  the  gas  for  a  definite  period.  A  few  drops  of 
hydrochloric  acid  are  then  added  to  the  paste  on  the  rod,  and  the  rod  is  stirred  up  in 
some  water  in  a  test  tube.  The  development  of  a  prussian  blue  colour  gives  a  rough 
idea  of  the  concentration  of  the  hydrocyanic  acid  gas  if  the  paste  is  exposed  for  a  con¬ 
stant  period.’ 

A  further  important  point  may  be  indicated  in  their  own  words.  They  say  : 

4  It  has  been  found  that  30  parts  of  HCN  per  100,000  parts  of  air  within  a  room 
will  suffice  to  kill  all  stages  of  development  including  the  eggs  of  bugs  and  lice  provided 
an  exposure  of  two  hours  is  given  at  that  concentration.  It  has  been  observed  that 
when  a  room  is  filled  with  clothing  the  concentration  of  the  gas  very  appreciably 
decreases  ;  it  is  necessary  therefore,  when  large  rooms  containing  clothing  are  being 
treated,  not  only  to  convey  the  gas  to  different  parts  of  the  room  but  also  to  provide 
means  for  estimating  the  strength  of  the  gas  contained  within  the  room.  This  has 
been  effected  by  the  following  arrangement. 

44  Half  a  cubic  foot  of  the  air  within  the  room  is  withdrawn  by  means  of  an  aspirator, 
the  air,  as  it  is  drawn  from  the  room,  is  passed  through  a  weak  solution  of  caustic  soda. 
The  solution  very  rapidly  absorbs  the  HCN  gas  contained  in  the  sample  and  the 
concentration  of  HCN  in  the  solution  can  be  estimated  by  means  of  a  standard  silver 
nitrate  solution  using  potassium  iodide  as  an  indicator.  The  standard  silver  nitrate 
solution  is  of  such  a  strength  that  1  c.c.  =  10  parts  of  HCN  per  100,000  parts  of  air 
when  the  quantity  of  air  withdrawn  is  half  a  cubic  foot.  The  standard  solution  is 
made  by  dissolving  5-114  grammes  of  silver  nitrate  in  1  litre  of  distilled  water.'’ 

Their  conclusions  are  very  much  the  same  as  those  of  the  American  observers, 
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and  in  addition  they  find  that  grain  exposed  to  the  gas  is  rendered  neither 
poisonous  nor  incapable  of  germinating.  .  •. 

The  cost  of  the  chemical  is  small.  Twelve  thousand  cubic  feet  can  be 
treated  for  about  three  rupees  and  four  annas  (less  than  five  shillings). 

It  is  said  that  inhalation  of  small  quantities  of  the  gas  for  long  periods, 
as  when  working  with  it,  does  not  cause  toxic  symptoms.  A  sparrow  may  be 
used  to  indicate  when  a  place  containing  the  gas  is  safe  to  enter,  as  birds  are  very 
easily  killed  by  concentrations  of  the  gas  which  are  harmless  to  man. 

Mammals,  as  compared  with  many  insects,  are  relatively  less  susceptible  to 
its  poisonous  effects.  It  is  interesting  to  note  that,  as  Glen  Liston  points  out  : 

‘  8  parts  of  HCN  in  100,000  parts  of  air  will  kill  dogs  in  half  an  hour,  12  parts  in 
the  same  volume  and  after  the  same  length  of  exposure  are  required  to  kill  cats,  15 
parts  are  required  for  rabbits,  20  parts  for  rats  and  25  parts  for  goats  and  monkeys. 
Men  resemble  goats  and  monkeys  in  respect  to  the  lethal  effects  of  HCN  gas  on  them. 
In  small  concentration  the  gas  causes  a  very  disagreeable  sensation  in  the  throat  and 
eyes  and  the  gas  in  these  small  and  harmless  concentrations  would  be  avoided  by 
persons  brought  in  contact  with  it.  A  man  does  not  become  unconscious  till  higher 
concentrations  are  attained  and  if  the  concentration  of  the  gas  is  not  increased  there 
is.  under  these  circumstances,  a  comparatively  long  latent  period  before  death  super¬ 
venes.  A  person  who  is  thus  rendered  unconscious  rapidly  recovers  when  placed  in 
the  open  air  ;  the  gas  in  fact  acts  as  an  anaesthetic.  In  still  higher  concentrations, 
however,  the  gas  causes  almost  instantaneous  death.  The  whole  course  of  the  effects 
of  HCN  gas  on  men  may  be  appropriately  likened  to  the  effect  of  chloroform  on  them. 

The  latest  development  is  the  introduction  of  artificial  ventilation  after 
fumigation  by  means  of  electric  blowers,  or  better,  gasoline-driven  fans.  This 
saves  time  and  therefore  effects  a  great  economy.  Indeed  there  is  now  (1920) 
being  placed  upon  the  market  a  special  type  of  machine,  which  the  writer  has 
seen  in  operation  and  which  introduces  certain  new  features  summarized  as 
follows  by  Glen  Liston : 

4  (1)  A  simple  and  safe  method  of  generating  the  gas  which  is  completely  under 
the  control  of  the  operator. 

(2)  An  arrangement  for  testing  the  concentration  of  the  gas  in  the  space  under 
treatment  at  any  time,  in  this  way  ensuring  efficiency  of  working  and  enabling  the 
operator  to  determine  when  the  space  can  be  safely  entered. 

(3)  An  arrangement  for  distributing  either  air  or  gas  to  every  part  of  the  space 
under  treatment. 

(4)  An  arrangement  for  thoroughly  removing  the  poison  gas  after  treatment 
has  been  completed,  the  fan  being  capable  of  delivering  pure  air  to  displace  the  poison 
gas  at  the  rate  of  500  cubic  feet  per  minute  so  that  the  largest  space  capable  of  being 
treated  with  a  single  unit  can  be  cleared  of  the  poison  gas  in  one  hour  ;  after  that  period 
the  space  can  be  entered  safely.’ 

He  also  states  : 

4  The  machine  is  capable  of  dealing  with  spaces  measuring  from  1,000  to  30,000 
cubic  feet,  and  when  larger  spaces  require  to  be  treated  two  or  more  units  can  be 
employed  at  one  time. 

The  Unit  (fig.  129)  consists  of  the  following  parts  : 

(i)  A  box  (fig.  129,  a)  in  which  air,  drawn  from  the  closed  space  which  is  to  be 
treated,  is  mixed  with  HCN  and  is  again  discharged  into  the  closed  space  by  means  of 

(ii)  Pipes  which  (a)  convey  the  gas  from  the  space  into  the  box  (fig.  129,  e),  and 
(*>)  distribute  the  gas  from  the  box  to  all  parts  of  the  space  to  be  treated  (fig.  129,  c)  by 

(iii)  A  fan  which  is  capable  of  discharging  500  cubic  feet  of  gas  along  a  pipe  100  feet 
in  length  and  6  inches  in  diameter  at  a  pressure  of  5  inches  of  water  by  means  of 

(iv)  A  SMALL  petrol  motor  which  causes  the  fan  to  revolve  at  2,800  revs,  per  min. 

(v)  A  chemical  cabinet  is  used  to  generate  and  to  test  the  concentration  of  the 
gas  at  any  time  in  the  space  under  treatment.  This  cabinet  contains  : 
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(a)  Two  large  glass  “  separators  ”  or  “  irrigators  ”  graduated  in  litres. 

( b )  Two  gas  wash  bottles  and  three  other  bottles  containing  respectively  caustic 
soda  solution  for  absorbing  the  gas,  silver  nitrate  solution  for  testing  the  concentration 
of  the  gas,  and  distilled  water  for  diluting. 

( c )  A  burette  graduated  in  cubic  centimetres. 

( d )  A  dry  gas  meter  with  dial  graduated  in  fractions  of  a  cubic  foot. 

(e)  An  enamelled  iron  jug  of  two  litres  capacity. 

(/)  An  enamelled  iron  funnel. 

( g )  A  drawer  to  hold  measuring  tape,  scissors,  tools,  etc. 


A.  Generating  box. 

B.  Outlet  from  fan. 

C.  Flexible  pipes  varying  in  diameter  from  0  to  2  inches,  connected  together 
by  metal  junction  pipes  and  used  to  distribute  the  gas. 

D.  Curtain  fitted  with  sleeves  to  receive  outlet  and  inlet. 

E.  Inlet  pipes  to  generating  box  to  be  fitted  with 

F.  Pitot’s  tube  connected  to  gauge  for  measuring  velocity  of  gases  in  inlet  pipe. 

G.  One  of  two  containers  to  hold  respectively  acid  and  cyanide  solutions. 

H.  Pinch  cock  to  regulate  flow  of  fluids  from  containers  passing  into  generating 
box  and  falling  on 

I.  Sloping  platform  within  generating  box  for  mixing  acid  and  cyanide  solution. 

J.  Pipe  by  which  waste  is  removed  from  generator. 

K.  Pipe  with  expanded  end  facing  current  to  conduct  gas  from  outlet  to  meter. 

L.  Meter  to  measure  gas  collected  for  testing. 

M.  Gas  wash  bottle  to  absorb  gas  after  passing  through  meter. 

N.  Burette  to  contain  silver  nitrate  solution  for  titrating  amount  of  cyanide 
absorbed  in  gas  wash  bottle. 

(iii),  (iv),  and  (v)  are  firmly  fixed  to  the  upper  surface  of  the  lid  of  box  (i).  The 
lid  can  be  removed  or  securely  fastened  to  the  box  by  an  air-tight  joint.  When  the 
machine  is  packed  for  transport  the  lid  can  be  inverted  so  that  (iii),  (iv),  and  (v)  are 
then  contained  within  the  box.  The  box,  which  measures  2  ft.  10  in.  in  length,  2  ft. 
4  in.  in  breadth  and  depth,  is  capable  of  holding,  in  addition  to  the  apparatus  fixed 
to  the  lid,  four  boxes  which  contain  (1)  12  charges  of  cyanide  in  tins,  each  containing 
half  a  kilogramme,  (2)  12  charges  of  strong  sulphuric  acid  securely  packed  in  bottles 
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each  containing  half  a  kilogramme,  (3)  2  large  bottles,  1  for  making  a  1  in  4  solution 
of  cyanide,  and  the  other  for  making  a  solution  of  similar  strength  of  sulphuric  acid, 
(4)  a  pail  for  carrying  water ;  paste  and  paper  for  sealing  up  the  doors  and  windows 
of  the  space  to  be  treated. 

On  the  outside  of  the  box,  along  its  length  on  either  side,  are  attached  two  boxes 
7  ft.  in  length  and  13  in.  in  breadth  and  depth.  These  boxes  serve  as  handles  by  means 
of  which  the  box  (i)  may  be  lifted,  as  a  stretcher  is  lifted  by  the  poles  on  either  side. 
These  lateral  boxes  carry  the  hose  and  connecting  pieces  which,  when  fitted  together, 
(a)  draw  air  from  the  room  into  the  box,  and  ( b )  distribute  the  air  charged  with  HCN 
in  the  space  which  is  to  be  treated.  These  flexible  pipes  or  hose  vary  in  diameter 
and  consist  of  4  pieces  6  in.  in  diameter,  4  pieces  4^  in.  in  diameter,  8  pieces  3  in. 
in  diameter,  36  pieces  2  in.  in  diameter  ;  all  the  pieces  measure  6  ft.  6  in.  in  length. 
The  sections  of  hose  can  be  coupled  together  by  special  connecting  pieces.  When  in 
use  one  section  of  6  in.  hose  passes  from  the  space  to  be  treated  to  the  inlet  into  the 
box  (i).  The  other  sections  are  connected  together  and  are  fitted  on  to  the  outlet 
from  the  fan.  They  can  be  so  arranged,  in  gradually  decreasing  diameter,  and  spread 
out  like  the  branches  of  a  tree  in  the  space  to  be  treated,  that  the  gas  is  widely  dis¬ 
tributed.  Branches  of  the  hose  can  be  arranged  in  various  corners  and  in  sections  of 
the  space  so  that  gas  or  air  can  be  delivered  to  every  part. 

To  secure  portability  the  unit  can  be  placed  on  a  tricycle  so  that  the  machine  can 
be  readily  moved  from  one  place  to  another. 

Full  directions  as  to  how  the  HCN  gas  is  generated  and  how  the  concentration 
of  the  gas  can  be  tested  are  furnished  with  the  machine  and  need  not  be  described 
here.  The  machine  has  been  evolved  after  extended  experience  with  this  gas  and 
it  can  be  asserted  that,  with  moderate  caution,  the  gas  can  be  used  safely  and  effec¬ 
tively  for  the  destruction  of  vermin.’ 

Disinfection  of  books  and  paper  money.  The  methods  of  disinfection 
applicable  to  various  articles  have  been  indicated  under  each  disinfectant,  but 
it  is  advisable  to  say  something  as  regards  the  disinfection  of  books  and  paper 
money.  There  can  be  no  doubt  that  books  which  have  been  handled  by 
persons  suffering  from  communicable  diseases  like  measles,  diphtheria,  or 
smallpox  should  be  disinfected  before  being  again  used.  They  should  be 
exposed  to  the  sun  and  air  in  the  open  and,  as  a  further  precaution,  may  be 
subjected  to  hot  dry  air.  A  few  drops  of  a  40  per  cent  solution  of  formalin  may 
be  sprinkled  on  every  second  page  and  the  book  placed  in  a  drawer  in  which 
more  formalin  has  been  sprinkled  and  left  there  for  24  hours  at  least. 

Heat  and  formaldehyde  gas  combined  may  be  employed,  the  books  being 
placed  in  a  chamber  on  perforated  wire  trays  and  opened  up  as  widely  as 
possible.  A  temperature  of  80°  C.  should  be  maintained  continuously  for 
a  period  of  12  hours,  and  it  is  an  advantage  if  a  partial  vacuum  has  first  of  all 
been  established.  The  formaldehyde  gas  may  be  generated  from  4  para  form  ’ 
or  other  tablets  in  a  special  apparatus  or  by  the  action  of  formalin  on  potassium 
permanganate  (10  oz.  formalin  and  5  oz.  potassium  permanganate  per  1,000 
cubic  feet). 

Other  methods  have  been  tried  but  need  not  be  mentioned  as  they  cannot 
easily  be  carried  out  in  the  tropics,  except  where  special  facilities  exist.  Books 
of  no  value  are  better  destroyed  by  fire. 

Library  books  in  general  circulation  have  been  shown  by  Laubach  not  to  be 
a  serious  source  of  danger,  and  exposure  to  air  and  sunlight  is  sufficient  in 
their  case. 

Hilditch  investigated  paper  money  bacteriologically  and  concluded  that 
it  is  an  unimportant  factor  in  the  transmission  of  disease.  If,  however,  notes 
have  been  handled  by  persons  suffering  from  communicable  diseases,  like  those 
already  cited,  they  should  be  subjected  to  the  disinfecting  process  described 
for  books. 
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Disinfecting  measures  in  hairdressers’  and  barbers’  shops.  If  the  hygiene 
of  these  establishments  is  frequently  neglected  in  temperate  climates  this  is 
still  more  the  case  in  the  tropics,  where  the  barber’s  shop  is  not  infrequently 
a  centre  for  the  dissemination  of  skin  and  other  diseases.  Considerations 
of  space  forbid  any  lengthy  discussion  of  the  whole  subject,  but  the  following 
brief  notes  on  disinfecting  measures  appear  advisable  : 

1.  Barbers  should  wash  their  hands  thoroughly  with  soap  and  water  immedi¬ 
ately  before  attending  a  customer. 

2.  Scissors,  razors,  combs,  clippers,  and  shaving  brushes  should  be  placed 
in  a  disinfecting  solution  after  use,  and  in  the  case  of  clippers  the  apparatus 
should  be  dismantled  before  immersion.  As  clippers  after  being  taken  to 
pieces  are  sometimes  difficult  to  assemble  and  hence  are  unlikely  to  be  properly 
cleansed  it  would  be  far  better  if  they  were  wholly  abolished,  as  they  are 
distinctly  unhygienic.  The  disinfectants  recommended  are  cyllin  solution, 
1  teaspoonful  of  cyllin  in  a  quart  of  water,  or  izal  solution,  1  teaspoonful  of 
izal  in  1  pint  of  water,  or  chinosol,  5  grains  to  the  pint.  As  alternatives,  scissors, 
metal  combs,  and  clippers  can  be  disinfected  by  boiling,  or  dipped  in  methylated 
spirit  and  flamed,  being  returned  to  the  spirit  after  use. 

3.  Brushes  should  be  washed  in  soap  and  water  with  ammonia  and  disin¬ 
fected  with  formalin  or  by  means  of  dry  heat.  (It  is  interesting  to  note  that 
in  1918  the  Louisiana  State  Board  of  Health  absolutely  prohibited  the  use  of 
the  hair-brush  in  barbers’  shops  and  hair-dressing  establishments.  This  possibly 
refers  only  to  the  revolving  or  machine  hair-brush.) 

4.  Shaving  mugs  must  be  well  washed  with  hot  water  every  time  after 
use. 

5.  No  towel  must  be  used  for  more  than  one  person  without  being  either 
laundered  or  properly  disinfected,  preferably  by  being  boiled. 

6.  Cut  hair  should  be  stored  in  metal  receptacles  and  burned. 

7.  Floors  should  be  washed  daily  with  a  disinfectant  solution. 


CHAPTER  11 

DISPOSAL  OF  THE  DEAD 

Synopsis  :  Earth  burial,  p.  235  ;  Cremation,  p.  236  ;  Embalming,  p.  237. 

Some  of  the  emergency  methods  employed  on  the  battle-field  may  occa¬ 
sionally  be  useful  in  the  tropics  under  circumstances  not  necessarily  of  a  military 
nature.  Hence  they  are  briefly  noted. 

Bodies  which  cannot  be  buried  or  burned  may  be  sprayed  with  solution  ‘  C  ’ 
or  5  per  cent  cresol,  or  covered  with  quicklime,  powdered  sulphate  of  iron  or 
a  mixture  of  80  lb.  (36-29  kg.)  freshly  slaked  lime,  11  lb.  (4-98  kg.)  sulphate  of 
iron  and  J  lb.  (226-8  grm.)  salt. 

In  tropical  countries  there  are  various  ways  of  disposing  of  the  dead,  some 
of  them  very  curious  and  interesting,  but  one  at  least,  exposure  of  bodies  to 
scavenging  birds  as  practised  by  the  Parsees,  in  many  respects  insanitary. 
Here  it  is  only  necessary  to  consider  earth-burial,  cremation,  and  embalming. 

Earth  burial.  It  is  perhaps  not  sufficiently  recognized  that,  under  certain 
conditions,  faulty  earth  burial  may  be  a  source  of  illness  in  persons  living  near 
a  cemetery.  If  the  gases  which  are  generated  escape  into  the  air  or  into  drains 
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and  find  their  way  into  houses  they  may  cause  headache,  sore  throat,  and 
diarrhoea  amongst  the  inmates.  Hence  too  superficial  a  burial,  though  advan¬ 
tageous  from  a  biological  standpoint  owing  to  the  presence  of  nitrifying  organ¬ 
isms  in  the  surface  layers  of  the  soil,  is  to  be  condemned  as  it  favours  escape 
of  gas.  So  does  a  loose  stony  soil  and  so  does  a  heavily  fissured  soil. 

In  the  tropics  earth  burial  amongst  many  native  communities  is  a  more 
hygienic  procedure  than  is  the  case  amongst  Europeans,  for  coffins  are  not 
used  and  hence  the  desired  speedy  resolution  and  complete  oxidation  are  more 
readily  obtained.  The  efficiency  with  which  these  processes  are  conducted 
varies  directly  with  the  depth  of  burial,  for  the  upper  layers  of  the  soil  are 
alone  active  to  any  degree.  It  is  said  that  for  every  foot  of  depth  below  the 
soil  about  one  year  is  required  for  complete  resolution.  For  these  reasons  and 
also  because  too  shallow  a  grave  is  apt  in  certain  countries  to  be  disturbed  by 
such  animals  as  pariah  dogs,  jackals,  and  hyaenas,  it  is  necessary  to  bury  at 
a  depth  of  between  3  and  5  feet.  The  best  soil  is  one  which  is  light,  fairly 
porous  and  drained  naturally  or  artificially  to  a  depth  of  8  feet.  A  good  loam 
or  a  sandy  mould  is  best.  Sand  alone  in  hot  dry  countries  has  a  mummifying 
action.  Clay  is  bad ;  it  cracks  in  dry  weather,  allowing  gases  to  escape,  and 
at  other  times  it  excludes  air  and  moisture,  thus  retarding  decomposition. 
Chalk  is  often  fissured  and  so  unsuitable. 

A  cemetery  should  not  be  close  to  inhabited  houses  and  yet  must  be  con¬ 
venient  of  access.  As  far  as  possible  it  should  be  placed  outside  the  limits  of 
probable  future  buildings.  Trees  and  shrubs  may  be  grown  upon  it  as  they 
absorb  carbonic  acid  gas. 

Care  must  be  taken  that  the  natural  drainage  does  not  pollute  any  neigh¬ 
bouring  water  supply.  If  this  is  not  done  products  of  decomposition  may 
contaminate  a  river  or  lake,  while  pathogenic  micro-organisms  may  conceivably 
find  their  way  into  shallow  wells. 

Land  which  may  be  flooded  shoidd  be  avoided,  as  should  sites  where  the 

level  of  the  subsoil  water  is  high. 

© 

Roughly  an  acre  will  serve  a  population  of  1,000  persons  for  50  years,  but 
this  is  a  minimum  allowance.  The  area  must  be  divided  into  plots,  and  path¬ 
ways  should  be  constructed. 

The  usual  space  allotted  for  graves  is  9  feet  (2-74  m.)  x  4  feet  (1-22  m.)  for 
adults  and  4J  feet  (1-37  m.)  x  4  feet  (1-22  m.)  for  children  under  twelve.  Two 
feet  (-61  m.)  should  be  left  between  the  level  of  the  subsoil  water  and  the 
corpses.  Anything  which  interferes  with  the  earth  action  is  deleterious. 
Hence  if  coffins  are  used  they  should  be  mere  shells  which  will  quickly  fall  to 
pieces.  It  is,  however,  often  necessary  to  protect  a  grave  in  the  tropics  from 
carrion  eaters  by  placing  stones  or  brick  vaulting  over  it.  Overcrowding  must 
be  avoided  and  frequent  inspection  is  highly  desirable. 

Cremation.  This  is  the  most  sanitary  procedure  and,  if  properly  conducted, 
the  only  objection  to  it  is  of  a  medico-legal  nature.  Precautions  can  usually 
be  taken  to  render  such  a  drawback  null  and  void.  A  modern  crematorium 
for  Europeans  reduces  a  body  of  average  weight  to  about  3  pounds  (1-36  kg.) 
of  inorganic  ash  within  two  hours  without  offence,  but  is  only  available  in  a  few 
large  tropical  cities,  for  example,  Calcutta. 

Cremation  as  practised  by  lower-class  Hindus  is  very  imperfect  and  insani¬ 
tary,  for  the  partially  charred  body  is  usually  consigned  to  a  river  and  may 
be  a  cause  of  cholera.  Fuel  must  be  plentiful  and  cheap  if  it  is  to  be  a  success. 
Soaking  the  corpse  and  the  fuel  with  tar  or  petroleum  greatly  aids  the  process. 
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In  the  case  of  a  well-constructed  funeral  pyre,  permitting  free  circulation  of  air 
through  the  fuel,  15  gallons  (68T  litres)  of  paraffin  are  required  for  12  corpses. 
Cremation  is  complete  in  from  10  to  12  hours. 

Embalming.  The  Medical  Officer  in  the  tropics  should  know  how  to  embalm 
a  body,  as  he  may  have  to  prepare  it  for  transportation,  possibly  overseas. 
A  correct  knowledge  of  the  process  to  be  followed  is  especially  important  where 
the  person  to  be  embalmed  has  died  from  such  a  disease  as  plague,  cholera,  or 
smallpox.  In  perfect  embalming  every  part  of  the  body  is  preserved  and 
completely  sterilized. 

The  technique  of  injection  for  tropical  conditions  is  different  from  that 
required  in  temperate  climates  and  has  been  fully  worked  out  by  Francis  of  the 
United  States  Public  Health  Service. 

It  must  be  remembered  that  the  object  is  not  only  to  preserve  and  sterilize 
but  to  retain  as  far  as  possible  the  natural  features.  Hence  over-injection 
should  be  avoided,  though  it  is  true  that  in  many  cases  its  effects  are  not  objec¬ 
tionable,  particularly  if  the  coffin  is  not  to  be  opened  or  if  a  long  time  elapses 
between  the  time  of  injection  and  that  when  the  body  is  viewed. 

Francis  recommends  the  following  embalming  fluid  as  one  found  stable  in 
composition  after  standing  two  years  and  eight  months  and  effective  as  a  pre¬ 
servative  in  the  case  of  bodies  exposed  for  two  months  to  a  temperature  of 
98°  F.  (36-7°  C.)  : 

Liquor  formaldehyde  (LT.S.P.  solution  of  formaldehyde),  13-5  c.e. 

Sodium  borate  (borax,  Na2B407),  5  grammes. 

Water  sufficient  to  make  100  c.c. 

The  United  States  preparation  is  an  aqueous  solution  containing  not  less 
than  37  per  cent  by  weight  of  absolute  formaldehyde.  If  not  up  to  strength  the 
quantity  used  for  injection  must  be  proportionately  increased. 

The  borax  is  added  because  it  prevents  the  bleaching  action  on  muscular 
tissue  of  the  acid  formalin  and  is  itself  a  preservative. 

Francis  considers  that  the  method  of  injection  is  much  more  important  than 
the  exact  composition  of  the  embalming  fluid. 

As  an  injection  apparatus  he  uses  ‘  a  3-gallon  (13*62  litres)  bottle,  through 
the  rubber  stopper  of  which  pass  two  glass  tubes  ;  one  tube  extends  to  the 
bottom  of  the  bottle  and  affords  an  outlet  to  the  fluid,  which  is  carried  by 
a  rubber  tube  to  the  glass  injection  canula  ;  the  other  tube  is  connected  by 
rubber  tubing  to  a  pump.  A  bicycle  foot  pump  is  very  effective.’ 

The  following  are  his  recommendations  regarding  the  sites  of  injection,  the 
amounts  of  fluid  to  be  employed  and  the  method  to  be  adopted  : 

4  Inject  into  the  arterial  system  an  amount  of  fluid  equal  to  15  per  cent  of  the  body 
weight,  figuring  450  c.c.  of  fluid  as  1  pound. 

Inject  each  femoral  artery  toward  toes  with  2  per  cent  body  weight. 

Inject  each  brachial  artery  toward  fingers  with  1  per  cent  body  weight. 

Inject  one  common  carotid  artery  toward  head  with  2  per  cent  body  weight. 

Inject  same  common  carotid  artery  toward  heart  with  7  per  cent  body  weight. 

Total  amount  of  fluid,  including  both  femorals  and  both  brachials,  15  per  cent 
body  weight. 

If  fluid  cannot  be  forced  into  an  artery,  due  perhaps  to  clots,  the  extremity  should 
be  wrapped  in  cotton  soaked  in  the  fluid  and  then  bandaged  ;  the  cotton  should  be 
resaturated  from  time  to  time.  It  is  not  necessary  to  withdraw  blood  from  the  veins, 
although  there  is  no  objection  to  doing  so.  It  is  not  necessary  to  inject  fluid  into  the 
thoracic  and  abdominal  cavities.  Autopsied  bodies  are  to  be  treated  in  the  same  way 
as  non-autopsied  ones,  but  a  liberal  amount  of  cotton  and  embalming  fluid  should  be 
supplied  to  the  cavities  of  the  abdomen,  chest,  and  skull.  Plug  the  anus,  mouth,  and 
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nostrils  with  cotton  soaked  in  the  embalming  fluid.  Wash  the  entire  body,  including 
the  face,  ears,  and  hair,  with  the  fluid.  If  desirable  to  keep  the  body  for  a  long  time, 
drying  can  be  prevented  by  rubbing  vaseline  liberally  over  the  entire  body  followed 
by  bandaging  the  same.’ 

Post-mortem  staining  of  the  face  can  be  removed  by  massage. 

The  bodies  of  persons  who  have  died  from  communicable  diseases  should 
be  washed  in  an  efficient  disinfectant  fluid  after  embalming  and  before  they 
are  moved. 

Recently  the  use  of  liquid  petrolatum  has  been  recommended  for  the  pre¬ 
servation  of  cadavers  in  anatomical  work,  and  it  is  possible  that  this  fluid  may 
prove  suitable  for  the  preservation  of  dead  bodies  in  tropical  countries.  At 
any  rate  it  has  the  advantages  of  being  cheap  and  odourless,  while  it  prevents 
contraction  of  the  tissues  owing  to  shrinkage.  Details  regarding  its  use  will  be 
found  in  a  paper  by  Myer  in  Science  for  December,  1919. 
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CHAPTER  12 

NURSING  IN  THE  TROPICS 

Synopsis.  Introduction  :  The  nurse,  p.  239  ;  The  patient,  p.  241  ;  Nurse’s  report,  p.  243. 

Dietetic  preparations  and  drinks  for  invalids,  p.  245 ;  Clinical  observations,  p.  249 ; 
Remedial  agents,  p.  253 ;  The  care  of  children,  p.  259. 

Special  diseases  :  Tuberculosis,  p.  265  ;  Dysenteries,  p.  266  ;  Smallpox,  chickenpox;  p.  266. 

Management  of  infectious  diseases,  p.  267  ;  Racial  customs  and  the  influence  of  4  caste  ’, 
p.  267  ;  The  care  of  linen,  blankets  and  other  hospital  stores,  p.  238  ;  Emergency  treatment 
for  poisons  (not  included  elsewhere),  p.  269. 

INTRODUCTION. 

The  nurse.  The  definition  of  a  trained  nurse  accepted  by  the  Red  Cross 
Society  and  other  examining  corporations  and  institutions  is  :  4  a  nurse  who 
has  completed  a  three  years’  course  of  training  in  the  service  of  a  general  hospital 
of  not  less  than  100  beds  having  a  Nurse-training  School  attached,  and  who, 
having  qualified  in  the  examinations  of  the  Institution,  has  received  a  certificate 
to  that  effect.’  In  Europe  and  in  the  larger  cities  of  tropical  and  sub-tropical 
countries  such  trained  women  may  be  found,  and  with  their  help  the  medical 
officer  will  feel  no  anxiety.  The  executive  is  provided,  his  directions  and  orders 
will  be  carried  out  with  intelligence,  and  his  patient  will  be  properly  cared  for. 
But  even  in  cities  like  Calcutta,  Bombay,  Agra,  Cairo,  Singapore,  &c.,  where 
large  hospitals  exist  in  which  nurses  can  be  trained  (Europeans,  Anglo-Indians, 
Indians,  &c.),  the  supply  must  be  kept  up  and  some  one  must  teach  the  beginners. 
Members  of  the  I.M.S.,  of  the  R.A.M.C.  and  of  the  colonial  services,  or  it  may 
be  a  4  free-lance  ’,  have  done  this  work  in  the  past  and  must  still  lecture  to 
nurses  on  subjects  connected  with  management  of  those  suffering  from  the 
maladies  described  in  this  book.  Besides,  there  is  many  an  outlying  province 
and  .  station  where  nurses  are  not  to  be  had,  or  only  to  be  imported  with 
delay,  difficulty,  and  expense  which  many  patients  will  not,  or  cannot,  afford. 
In  such  circumstances  the  medical  attendant  must  be  fully  able  to  instruct  and 
direct  wife,  sister,  daughter,  or  friend.  He  may  indeed,  in  rare  instances,  find 
that  he  must  double  the  roles  of  doctor  and  nurse,  and  to  these  may  even  be 
obliged  to  add  the  office  of  cook,  or  teacher  of  invalid  cookery.  It  is  therefore 
mainly  for  the  young  medical  man  working  in  foreign  lands  that  this  chapter 
is  written.  It  will  contain  such  instruction  and  advice  as  is  not  included  under 
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‘  Treatment  ’  in  the  various  chapters  contained  in  this  work.  When  dealing 
with  any  particular  ailment  the  reader  should  consult  the  special  chapter 
devoted  to  that  disease  in  combination  with  the  present  article  on  ‘  Nursing 
He  must  have  the  knowledge  that  will  enable  him  to  teach  others  not  only  ‘  the 
nature  and  prevention  of  tropical  ailments  ’,  but  all  curative  4  measures  to  be 
adopted  in  isolated  districts  of  the  tropics  \  In  such  regions  the  doctor  must 
be  the  handy  man  of  science  and  a  guide  in  all  emergencies.  He  must  also 
study  the  language  of  the  country  in  which  he  works  if  he  is  to  practise  among 
native  races,  or  instruct  and  rule  native  subordinates  and  assistants. 

Apart  from  the  care  of  male  insanes  the  man-nurse  has  practically  disappeared 
from  civil  hospitals  even  in  capital  cities  and  in  many  of  the  larger  towns  of  the 
tropics.  He  is  still  found  in  the  naval  sick-bay,  in  the  R.A.M.C.,  and  among 
individuals  trained  for  service  in  the  various  Red  Cross  societies.  In  the 
regimental  hospitals  of  the  Indian  Army,  in  police  hospitals,  and  in  district  and 
provincial  dispensaries  oriental  patients  are  nursed  by  male  ward  servants,  &c. 
As  in  Agra,  ‘  dhais  ’  (Indian  midwives  and  wet-nurses)  must  receive  instruction 
in  the  vernacular.  The  army  and  navy  have  their  own  manuals  for  the 
medical  officers’  use  ;  but,  on  the  whole,  the  general  principles  of  nursing  are 
the  same  for  male  and  female  nurses. 

Good  physical  health  and  a  fairly  good  education  are  necessary  ;  for  nursing 
is  often  hard  work  and  requires  tact  and  knowledge.  The  nurse  should  be 
medically  examined  before  entering  upon  a  course  of  training  as  a  probationer. 
The  domestic  side  of  her  training,  if  not  already  acquired  from  the  routine  of 
home  life,  will  be  directed  by  the  sisters  and  matron  of  the  institution  which 
she  elects  to  join.  Such  details  will  only  be  incidentally  referred  to  in  this 
chapter.  The  duties  which  make  the  nurse — professional  or  temporary — the 
link  between  doctor  and  patient  will  be  explained  and  supervised  by  the  medical 
officer. 

Although  in  the  interest  of  the  patient  strict  obedience  to  medical  instruction 
and  orders  is  essential,  it  must  be  with  willing  and  intelligent  co-operation,  based 
upon  understanding  and  trust.  If  the  doctor  and  the  nurse  do  not  work 
together,  even  to  the  smallest  detail,  the  patient  suffers.  As  a  secondary,  but 
none  the  less  serious,  consequence  injury  accrues  to  science,  and  both  doctor 
and  nurse  fail  to  reach  the  ideal  standard  of  efficiency.  The  professional  nurse 
will  have  attended  lectures  and  practical  demonstrations  ;  with  the  temporary 
nurse-attendant  the  necessary  instruction  must  be  given  day  by  day,  or  as 
occasion  demands. 

Personal  Hygiene.  Instruction  in  the  simple  elements  of  anatomy  and 
physiology  will  guide  the  nurse  to  the  proper  care  of  her  bodily  health. 
Systematic  arrangements  must  be  made  for  meals,  exercise,  and  sleep. 

In  the  matter  of  dress  the  material  must  be  easily  washed  and  disinfected, 
non-absorbent  if  possible,  and  of  any  quiet  colour.  Black  should  be  avoided. 
Lightly  starched  and  ironed,  cotton,  linen,  or  drill  are  most  suitable  for  hot 
climates ;  but  if  the  temperature,  as  in  a  hill-station,  demands  something  thicker 
and  warmer,  a  cotton  smock  can  be  worn  over  ordinary  clothing.  The  advantage 
of  the  smock  is  evident  :  it  can  be  removed  when  the  nurse  leaves  the  patient’s 
room,  hung  up  in  veranda  or  bathroom,  and  replaced  before  returning  to  the 
sick-room.  Emergency  smocks  are  easily  made  from  large  sheets.  Where  there 
is  any  chance  of  infection  from  the  skin  or  breath  of  the  patient  a  simple  mask 
of  lint  covering  nose  and  mouth  should  be  put  on  when  preparing  to  wash  the 
patient  or  when  performing  any  task  which  needs  close  contact  with  the  body 
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of  the  sick  person.  The  nurse  should  move  quietly  and  avoid  shoes  that  squeak 
or  dress  material  that  rustles.  While  on  duty  she  must  not  wear  rings,  brooches 
or  other  jewellery,  nor  should  any  portion  of  her  apparel  be  fastened  with  pins 
other  than  those  safety-pins  which  have  a  metal  shield  protecting  the  point  of 
the  pin.  If  a  wrist  watch  is  worn  it  should  be  unfastened  and  kept  on  a  table 
during  hours  of  duty.  A  good  watch  is  a  necessary  part  of  the  nurse’s  equipment. 
If  a  nurse  requires  glasses  to  rectify  her  sight  she  should  wear  spectacles  which 
have  a  firm  hold  either  by  loops  passing  round  the  ears  or  by  a  band  round  the 
head.  Insecure  pince-nez  or  spectacles  may  easily  be  displaced  by  a  patient’s 
hair  or  by  bedclothes. 

Every  trained  nurse,  whether  working  in  a  hospital  or  practising  on  her  own 
account,  should  provide  herself  with  certain  instruments  and  appliances  :  a  bag 
having  a  removable  lining  which  can  be  sterilized  and  which  should  contain 
two  deep  tin  trays  with  handles.  Instruments  can  be  boiled,  cleaned,  and  steri¬ 
lized  in  these  trays  which,  also,  are  useful  to  hold  lotions,  etc.,  during  minor 
operations  performed  by  the  attendant  medical  officer. 

Instruments,  etc.  Clinical  and  bath  thermometers  ;  spatulas  ;  metal  boxes 
for  soap,  vaseline,  etc.  ;  glass  bottles,  in  boxwood  cases,  for  alcohol,  tincture  of 
iodine,  etc.  Tabloids  of  disinfectants  and  common  drugs.  Hypodermic  syringe  ; 
Higginson’s  syringe  with  several  spare  rectal  and  vaginal  tubes  ;  gum  elastic 
catheters  and  silver  female  catheter.  Drainage  tubes  of  various  sizes  in 
long  rolls,  in  tin  boxes.  Lint,  bandages,  and  a  tourniquet.  Spencer  Wells 
artery  forceps  (six  at  least),  with  a  pocket  case  of  surgical  instruments  with 
metal  handles  and  fittings.  A  lactometer  is  essential. 

We  have  already  alluded  to  the  relations  which  exist  between  nurse  and 
physician.  Those  existing  between  nurse  and  patient  are  intimate  and  peculiar. 
For  the  nurse  there  is  neither  sex  nor  age,  only  suffering  humanity  for  whom 
she  must  be  ready  to  perform  any  service.  For  her  there  is  nothing  ‘  common 
or  unclean  ’  and  if  properly  trained  she  knows  that  unpleasant  and  even  dirty 
work  may  be  carried  out  without  repulsion  and  by  hygienic  methods.  The 
nurse  must  be  always  cheerful  and  tactful  with  the  petulance  and  grumbling 
which  patients  occasionally  give  way  to  during  illness.  She  must  not  worry 
the  patient  with  untimely  sympathy  either  by  word  or  look.  A  good  nurse 
carrying  out  her  instructions  firmly  and  kindly  will  always  overcome  minor 
difficulties  ;  but  if  unpleasantness  arises  she  should  avoid  discussion,  referring 
all  disputed  matters  to  the  medical  attendant  who  will  support  her.  Sometimes 
relatives  and  visitors  are  unreasonable  in  their  demands  and  the  medical 
attendant  should  give  written  instructions  as  to  time  and  length  of  visits,  if 
these  are  permitted.  He  should  also  make  it  clear  that  no  articles  of  diet — food, 
drink,  or  fruits — are  to  be  brought  into  the  patient’s  room  without  his  permission. 

The  patient.  When  attacked  by  disease  in  warm  countries  the  European 
will  be  wise  to  go  to  a  good  hospital  for  treatment  if  there  is  such  an  institution 
within  reach,  especially  if  he  lives  alone  and  is  more  or  less  dependent  on  native 
servants  for  food,  water,  etc.  If  this  course  is  impossible,  or  rejected,  the  best 
arrangements  possible  must  be  made  in  the  invalid’s  house.  During  the  cold 
season,  in  tropical  and  sub-tropical  lands,  a  tent  in  a  shaded  garden  or 
compound  makes  an  excellent  home  hospital,  especially  when  the  disease  is 
infectious  and  the  sufferer  one  of  a  family.  Even  at  other  times  of  the  year  the 
patient  should  be  isolated  ;  if  in  hut  or  tent  a  temporary  mat  roof  can  be 
rigged  up  over  it  if  necessary.  If  treated  in  house  or  bungalow  the  selection 
of  a  suitable  room  will  require  some  consideration.  The  room  should  be 
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large  and  airy  and  with  an  aspect  which  depends  on  the  season,  prevailing 
winds,  and  protection  from  the  direct  rays  of  the  sun  so  eagerly  welcomed  in 
cooler  zones.  Unless  the  bungalow  is  screened,  as  in  the  Panama  Canal  region, 
the  best  protection  against  insects  and  dust  is  a  mosquito-room  or  mosquito 
tent  suspended  from  a  frame  attached  to  the  ceiling.  All  curtains  and  woollen 
carpets  should  be  removed  and  the  furniture  should  include  nothing  beyond 
beds,  tables,  and  chairs  necessary  to  the  comfort  of  the  patient  and  for  the 
nurse’s  work.  The  floors,  generally  made  of  cement  (Chunam)  which  is  cold  to 
the  feet,  may  be  partly  covered  with  bamboo  or  grass  mats.  These  can  be 
destroyed  after  an  infectious  disease,  or  washed  and  exposed  to  the  sun  for 
several  days.  The  room  should  be  swept  daily  and  the  dust,  etc.,  burned. 
A  wooden  floor,  if  polished  so  that  the  seams  are  filled,  requires  the  same  care, 
while  a  plain  board  floor  should,  after  sweeping,  be  wiped  over  with  a  cloth 
soaked  in  Sanitas  solution.  A  brick,  or  pounded  earth,  floor  is  less  easy  to  clean 
and  should  be  sprinkled  daily  with  some  mild  disinfectant  which  is  free  from 
any  strong  odour. 

The  ordinary  iron  single  bed  is  most  suitable  for  an  invalid.  In  hot  weather 
two  such  beds  will  be  found  of  value.  The  patient  can  be  transferred  to  cool 
pillows  and  sheets  at  night.  All  utensils  for  washing,  bed-pans,  urinals,  etc., 
should  be  kept  in  the  bathroom  which  is  attached  to  most  bedrooms  in  tropical 
bungalows.  The  room  can  be  made  bright  and  cheerful  with  flowers  and  pictures. 
The  former  should  be  removed  to  the  bathroom  at  night  and  the  latter  must 
be  frequently  wiped  and  freed  from  dust.  It  seems  hardly  necessary  to  give 
details  of  bed-making ;  but  when  the  heat  of  climate  is  added  to  uncomfortable 
perspiration  and  the  high  temperature  of  fevers,  it  will  be  obvious  that  it  is 
desirable  to  change  the  sheets  and  pillow  cases  oftener  than  would  be  necessary 
in  a  temperate  zone.  A  light  blanket  is  the  best  covering  when  a  punkah  is 
working  over  the  bed. 

A  thin  waterproof,  covered  by  a  folded  draw-sheet  should  extend  from 
the  position  of  the  waist  to  a  foot  below  the  buttocks.  The  draw-sheet  is 
prepared  by  folding  a  large  double-bed  sheet  lengthways,  the  excess  length 
being  tucked  under  the  mattress  on  either  side.  The  draw-sheet  can  easily  be 
changed  if  soiled,  and  by  its  aid  the  nurse  can  move  the  patient  into  the  lateral 
or  dorsal  positions,  and  can,  with  two  beds  pushed  close  together,  transfer  a 
patient  from  one  to  the  other.  For  the  latter  operation  the  excess  length  of  the 
draw-sheet  is  passed  over  the  second  bed  (already  furnished  with  waterproof 
and  draw-sheet)  and  tucked  firmly  under  the  far  side.  The  nurse  then  uses 
the  end  nearest  her  as  a  lever,  rolling  up  the  sheet  as  she  works  the  patient 
gently  on  to  the  second  bed.  Having  achieved  the  transfer  the  draw-sheet 
belonging  to  bed  No.  1  is  rolled  up  and  drawn  from  under  the  patient  by  turning 
him  over  the  roll  when  it  reaches  his  back,  as  he  lies  on  his  side,  facing  away 
from  the  nurse. 

All  soiled  linen  should  be  soaked  in  a  tub  of  disinfectant  solution  in  the 
bathroom,  and  dried  in  the  sun,  before  being  sent  to  the  laundry.  All  cups,  etc., 
should  be  similarly  treated.  Articles  made  entirely,  or  in  part,  of  metal  must 
not  be  used  to  contain,  nor  should  they  be  cleaned  in,  solutions  containing 
mercury  or  formalin. 

Mitigation  of  heat  will,  as  a  rule,  be  called  for  in  illness  in  the  tropics ;  but  if 
for  any  reason  after  collapse  or  shock  hot- water  bottles  are  needed  (stone 
bottles  or  india-rubber  bottles,  hot  bricks,  sand,  etc.),  do  not  put  the  bottle 
next  the  patient’s  skin.  The  hot-water  bottle  should  be  encased  in  a  flannel  bag, 
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rolled  up  in  flannel,  or  placed  under  the  bottom  sheet,  or  under  the  draw-sheet, 
according  to  the  position  in  which  it  is  needed.  Where  the  patient  can  to  some 
extent  co-operate,  the  changing  of  night-shirt  or  sleeping  suit  will  not 
present  any  great  difficulty.  When,  however,  the  patient  is  helpless  and  extra 
assistance  is  not  available,  the  following  course  should  be  adopted  :  without 
uncovering  the  patient  unfasten  all  strings  and  buttons  ;  withdraw  the  arms 
from  night-shirt  or  sleeping  jacket,  moving  the  patient  slightly  from  one  side 
to  the  other,  work  the  night-shirt  over  the  body  and  head  ;  once  the  arms  are 
free  the  sleeping  jacket  can  be  removed  from  under  back  and  shoulders  with 
slight  rolling  and  lifting.  Replace  the  night-shirt  by  passing  the  clean  one  over 
the  head  and  reversing  the  previous  movements  ;  lay  the  sleeping  jacket  well 
down  behind  back  and  shoulders  with  the  sleeves  extended  and  proceed  as  with 
night-shirt.  Next  remove  the  pyjamas,  rolling  the  patient  to  free  each  side 
from  the  buttocks  ;  put  on  the  clean  pair  by  reverse  manoeuvres.  Cholera  belts, 
binders,  and  many-tailed  bandages  may  be  changed  by  methods  employed  for 
changing  a  draw-sheet. 

A  partly  or  entirely  helpless  patient  is  certain  to  slip  down  in  the  bed, 
and  sure  to  get  into  uncomfortable  positions  during  restless  sleep.  A  foot-board 
covered  by  a  pillow  will  relieve  pressure  of  the  feet.  A  bed-rest  enables  the 
nurse  to  regulate  the  position  of  the  head  and  chest.  When  pillows  are  used  to 
prop  up  the  patient  they  must  be  arranged  in  steps  from  below  upwards  ;  if 
pillows  are  piled  one  upon  another  under  the  patient’s  head  the  neck  is  bent 
and  the  chin  forced  on  to  the  chest,  rendering  breathing  difficult  or  increasing 
such  difficulty  when  throat  or  lungs  are  implicated  in  the  disease.  A  rope 
suspended  from  the  ceiling,  or  attached  to  the  foot  of  the  bed,  and  furnished 
with  a  bar  handle  is  often  of  great  use  to  a  weak  person.  With  such  aid  the 
patient  can  alter  his  position  in  bed  and  also  can  help  the  nurse  when  it  is 
necessary  to  sit  up,  more  or  less,  for  food  or  medicine,  or  during  the  arrangement 
of  bed-pan,  while  changing  clothing,  or  for  toilet. 

In  a  temperate  climate,  as  represented  by  altitude  in  hill  stations,  the  tem¬ 
perature  of  the  sick-room  should  not  be  below  60°  F.  (16°  C.)  nor  above  70°  F. 
(21°  C.).  In  the  lowlands  of  the  tropics  it  will,  except  during  a  brief  cold 
season,  generally  be  80-95°  F.  (27-35°  C.)  during  the  daytime,  and  must  be 
reduced  by  means  of  the  punkah,  damp  ‘  khus-khus  ’  screens,  or  a  thermantidote. 
The  nights  also,  during  the  hot  weather  months,  will  often  be  unpleasantly 
warm.  It  must,  however,  be  remembered  that  chill  may  occur  due  to  varia¬ 
tion  in  range  of  temperature  between  night  and  day.  A  morning  temperature 
of  60°  F.  (16°  C.)  feels  cold  in  a  region  with  a  day  temperature  varying  from 
85°  F.  (29-4°  C.)  to,  it  may  be,  in  many  parts  of  the  tropics,  100°  F.  (38°  C.)  in 
the  shade  !  The  nurse  must  therefore  arrange  the  patient’s  clothing  and  bed¬ 
cover  according  to  such  wide  differences. 

Washing  the  hands  and  face,  brushing  the  hair,  cleaning  the  teeth,  and 
cutting  the  nails  all  come  within  the  nurse’s  duties,  and  attention  to  such 
matters  adds  greatly  to  the  patient’s  comfort. 

Nurse’s  report.  So  long  as  this  report  is  accurate  and  neat  it  is  a  matter  of 
indifference  whether  it  is  arranged  in  tabular  form  according  to  subject  headings, 
or  whether  it  takes  the  form  of  a  continuous  record  following  the  hours  of  day 
and  night.  When  the  patient  has  a  day  nurse  and  a  night  nurse  the  two 
must  agree  as  to  system  and  method  of  reporting.  They  must  also  enter  the 
hour  at  which  one  makes  over  charge  to  the  other.  The  record  should  be  as 
brief  as  is  consistent  with  accuracy  and,  if  each  detail  is  entered  in  full  on  the 
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first  occasion  of  record,  abbreviations  of  a  clear  character  may  be  used  sub¬ 
sequently.  A  cheap  note  book  or  a  number  of  sheets  of  note  paper  tacked 
together  will  provide  the  material  for  the  nurse’s  report.  All  data,  with  remarks, 
must  be  entered  at  once  as  they  occur.  In  a  quiet  hour  the  nurse  can  copy  all 
necessary  statistics  on  to  the  temperature  chart. 

The  following  is  an  outline  of  the  details  to  be  noted  :  Name  of  patient, 
sex,  age,  address.  Name  of  nurse  and  date  of  arrival.  Name  of  medical 
attendant.  Disease,  date  and  day  of.  Result  :  recovered  ;  to  conva¬ 
lescent  home ;  died  (with  dates).  Temperature  :  hour  at  which  taken ; 
site  :  mouth,  armpit,  etc.  ;  degrees  Centigrade  or  Fahrenheit  (C.  or  F.).  (To 
convert  C.  into  F.,  C  x  f  +  32  ;  to  convert  F.  into  C.,  F  —  32  x  |.) 

Respiration  :  time  of  observation  ;  number  per  minute ;  position.  Remarks 
as  to  ease  or  difficulty  of  breathing ;  cough ;  amount  of  sputum  and  its  appear¬ 
ance.  Any  change  in  these  details  since  a  previous  entry. 

Pulse  :  time  of  observation  ;  rate  per  minute  ;  arm  or  other  part  in  which 
taken  (and  on  first  record  any  difference  between  right  and  left).  Remarks. 

Stools  :  time  at  which  passed  ;  natural  action  or  result  of  purgative  or 
enema ;  appearance  and  consistence  (formed,  fluid,  etc.).  Any  abnormal 
contents  :  blood  (fresh  or  altered — 4  melaena  ’,  mucus,  sloughs,  excess  of  fat, 
undigested  curds,  etc. ;  colour.  Total  number  for  24  hours.  Whether  to  be  kept 
for  inspection  ;  disinfectant  (see  c  Sanitation  and  Hygiene  ’)  added  ;  final 
disposal  (drains,  buried,  burned).  Remarks  :  pain  or  tenesmus,  much  flatus, 
any  special  odour. 

Urine:  (Always  to  be  kept  separate  from  ‘stools’.)  Time,  and  amount 
passed  ;  colour  ;  clear  or  turbid  ;  abnormal  contents  :  fresh  blood,  clots  or 
dark  altered  blood ;  chyle ;  pus ;  mucus.  Total  for  24  hours.  Whether  specimen 
for  medical  officer.  Any  tests  :  sugar,  albumin,  etc.,  and  results.  Reaction 
to  litmus  paper  :  acid,  alkaline,  neutral.  Remarks  :  pain,  obstruction,  reten¬ 
tion,  incontinence.  Use  of  catheter,  continuous  drainage ;  any  noticeable 
frequency  in  urinating  during  the  night. 

Sleep  :  time  and  duration  of,  e.  g.  10  p.m.  to  12.30  a.m. — 9  a.m.  to  11  a.m. 
Nature :  natural  (cf.  Respiration)  ;  disturbed  ;  restless  with  muttering, 
delirium,  etc. ;  snoring. 

N.B.  Do  not  wake  a  quietly  sleeping  patient  on  any  account.  Give  food, 
medicine,  etc.,  take  temperature,  or  carry  out  any  detail  that  has  been  missed, 
when  the  patient  wakes.  Note  hours  of  sleep  and  reason  for  change  resulting. 
Continue  to  count  intervals  between  meals,  etc.,  from  the  new  starting-point. 
See  also  other  references  to  data  included  in  report. 

Medicine  :  name  of  (in  full  on  first  occasion)  ;  time  and  amount  given. 
Remarks  :  any  unusual  results  ;  pain,  vomiting,  etc.,  or  any  unpleasant  effect 
(physical  or  mental)  produced  by  any  of  the  drugs  ordered  by  medical  officer. 
Time,  kind  and  amount  of  purgative  or  enema  (possibly  not  ordered  in  writing) 
administered  by  nurse.  Time  of  poultices,  fomentations,  dressings  (bedsores 
or  wounds). 

Food  and  drink  :  food  suitable  for  special  disease  in  fixed,  measured  amount 
at  fixed  hours.  Remarks  :  state  of  appetite  ;  any  dislike  shown  to  any  article 
of  diet  ordered  ;  any  unpleasant  results  :  vomiting,  flatulence,  hiccough.  Any 
request  made  by  the  patient  for  report  to  medical  officer.  Degree  of  thirst, 
how  met.  Amount  of  perspiration. 

Toilet  :  Times  of  washing,  brushing  hair,  cleaning  nails,  mouth,  teeth,  and 
skin  of  body. 
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General.  Sponging  ;  cold  pack  or  baths  (hot  or  cold)  forming  part  of  the 
medical  treatment ;  temperature  before  and  after  such  operations.  Any 
sudden  change  or  accident ;  rigors,  bleeding,  etc.  Visits  of  medical  officer. 
Visits  of  relatives,  if  permitted. 

DIETETIC  PREPARATIONS  AND  DRINKS  FOR  INVALIDS. 

These  preparations  have  been  selected  for  simplicity  and  with  regard  to 
materials,  some  of  which  are  generally  available  even  in  camps  or  out-of-the-way 
stations  in  tropical  countries. 

Barley  water.  Wash  2  ounces  (60  grm.)  of  pearl  barley  (about  4  tabic- 
spoonfuls)  ;  boil  the  clean  barley  in  a  pint  and  a  half  (850  c.c.)  of  water  for 
twenty  minutes.  Sweeten  with  sugar  and  flavour  with  thinly  cut  lemon-peel 
which  may  be  added  during  the  boiling.  Strain  when  cold. 

Rice  water.  One  ounce  (30  grm.),  2  tablespoonfuls,  of  washed  rice  steeped 
in  a  quart  (1-2  litres)  of  water  kept  at  tepid  heat  for  three  hours  ;  boil  for  one 
hour  and  strain.  May  be  flavoured  and  sweetened.  A  useful  drink  in  cases  of 
dysentery  or  diarrhoea. 

Linseed  tea.  One  ounce  (30  grm.)  bruised  linseed  and  two  drachms  (7  grm.) 
of  bruised  liquorice  root  added  to  one  pint  (568  c.c.)  of  boiling  water.  Let  it 
stand,  covered,  for  three  hours  near  the  fire.  Strain,  and  flavour  if  desired. 

Imperial  drink.  Half  an  ounce  (15  grm.)  of  cream  of  tartar,  the  juice  of  one 
lemon  and  two  tablespoonfuls  of  powdered  white  sugar.  Place  in  a  jug  and 
add  one  quart  (1-2  litres)  of  boiling  water.  Cover  and  use  when  cold. 

Home-made  lemonade.  Pare  the  rind  from  a  lemon  thinly,  and  cut  the 
lemon  into  slices.  Place  peel  and  slices  in  a  jug,  add  one  ounce  (30  grm.)  of  sugar 
and  one  pint  (568  c.c.)  of  boiling  water.  When  cold  strain  carefully. 

If  an  effervescent  drink  is  required  and  bottles  or  syphons  of  aerated  waters 
are  not  available,  a  saltpoonful  (about  20  grm.)  of  bicarbonate  of  soda  can  be 
stirred  into  a  tumbler  of  the  lemonade.  Similar  drinks  can  be  prepared  with 
sweet  limes. 

Tamarinds,  mangoes,  or  pine-apples  may,  like  any  fluid  given  to  the  sick, 
be  iced  or  cooled  in  other  ways. 

Water  for  drinking  must  be  boiled.  The  nurse  should  do  this  herself. 

Freezing  mixture.  To  each  pint  (568  c.c.)  of  water  add  one  ounce  (30  grm.) 
of  chloride  of  ammonium,  one  ounce  (30  grm.)  of  nitrate  of  potash,  and  two  ounces 
(60  grm.)  of  sulphate  of  soda.  Mix  in  enamelled  iron  bowl  or  large  bucket 
according  to  the  quantity  required.  Wrap  a  wet  blanket  round  the  bucket  and 
cover  with  a  board  and  a  blanket.  To  support  basins,  etc.,  two  washed  bricks 
or  an  inverted  pudding  bowl  may  be  placed  in  the  bucket  before  the  mixture 
is  made.  Stir  well  while  mixing. 

Beef  tea.  Mince  finely  one  pound  (453  grm.)  of  lean  beef,  place  it  in  a  jar 
(preserve  jar,  or  better  still  a  salt  jar  which  has  a  lid  that  can  be  luted  down  with 
dough  paste),  add  one  pint  (568  c.c.)  of  cold  water.  Stir  and  allow  it  to  stand 
for  one  hour.  Then  put  the  jar  in  a  saucepan  half-full  of  water,  let  it  simmer  on 
the  fire  for  an  hour,  and  strain.  Flavour  with  salt.  As  the  liquid  which  runs 
through  the  strainer  contains  a  quantity  of  fine  sediment,  this  beef  tea  is  not 
suitable  for  patients  with  dysentery,  diarrhoea,  or  enteric  fever.  For  such  cases 
beef  tea  is  prepared  with  fat- free  and  bone-free  meat  cut  into  small  squares 
with  a  sharp  knife. 

Beef  tea  savoury.  When  the  patient  is  no  longer  on  strictly  special  diet,  but 
on  account  of  still  diminished  appetite  or  for  other  good  reasons  is  unable  to 
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deal  with  ordinary  diet,  the  beef-tea  flavour  may  be  varied  by  the  addition  of 
vegetables,  spice,  or  herbs  to  the  minced  beef  when  prepared  for  cooking.  To 
three  pounds  (1-35  kg.)  of  lean  meat  add  one  onion,  half  a  dozen  cloves,  one 
carrot,  a  piece  of  celery  (or  a  little  celery  salt)  with  thyme  and  parsley  to  form 
either  a  savoury  stew,  if  cut  in  large  squares  and  cooked  slowly  for  three  hours, 
or  a  savoury  soup  if  strained. 

Chicken,  veal,  mutton,  or  even  goat  flesh  can  be  used  to  make  a  ‘  tea  ’,  a  soup, 
or  a  stew,  as  required.  The  tougher  the  meat  the  longer  it  must  be  cooked  in 
the  covered  and  luted  jar  or  cooking  pot.  With  time,  the  toughest  meat  will 
yield  a  fairly  tender  meal.  Broths  are  made  by  boiling  the  materials  chosen  with 
pearl  barley,  rice,  vermicelli,  &c.,  and  with  the  bones,  for  at  least  two  hours. 
For  the  invalid  such  broth  can  be  strained  through  a  fine  sieve  or  through  well- 
washed  muslin.  Strained  beef  tea,  broth,  &c.,  have  only  such  nutritive  value 
as  is  supplied  by  water,  salts  and  meat  extracts. 

Chicken  (or  other  meat)  jelly.  Cut  up  flesh  and  bones  ;  put  the  pieces  into 
a  jar,  pour  over  them  one  teacupful  (or  more,  according  to  the  amount  of  meat 
and  bone)  of  water  and  add  salt.  If  the  jar  has  no  lid,  cover  with  bladder  or 
parchment  paper  tied  on  firmly.  Place  jar  in  a  saucepan  ‘  water  bath  5  and  let 
the  water  in  the  saucepan  boil  gently  for  from  four  to  eight  hours,  according  to 
the  kind  of  meat  and  the  quantity.  Strain  the  liquid  and,  when  cold,  remove 
the  fat.  In  this  way  a  nourishing  jelly  can  be  made. 

From  patent  meat  extracts  stimulating  soups  can  be  made,  but  their  nutritive 
value  is  small. 

Stranded  on  the  march  or  in  a  wayside  rest-house  or  bungalow  by  illness,  it 
may  be  well  to  know  how  to  make  bread  for  Europeans  and  for  servants  or 
companions  of  other  races  ;  or  how  to  use  that  knowledge  to  instruct  a  tem¬ 
porary  cook.  Indeed,  it  is  often  difficult  to  obtain  any  bread  except  in  large 
towns  throughout  tropic  lands.  If  true  yeast  is  unobtainable  or  hops  with 
which  to  grow  a  useful  yeast,  the  tari  massallah ,  or  toddy  palm  4  yeast  ’  will 
serve.  If  hops  can  be  got,  add  a  breakfastcupful  to  a  saucepan  containing 
two  quarts  (2-27  litres)  of  water.  Boil  slowly  until  the  quantity  of  water  is 
reduced  to  about  one  quart  (1-2  litres).  Let  this  residue  cool  exposed  to  the  air, 
then  add  half  a  breakfastcupful  of  sugar,  stir  well,  bottle,  and  cork.  At  the 
end  of  two  or  three  days,  according  to  local  temperature,  a  yeast  will  be  ready 
for  use.  Failing  these  sources  for  yeast,  small  cakes  can  be  made  with  baking 
powder. 

To  make  bread.  Take  six  pounds  (2-7  kg.)  of  flour,  three  tablespoonfuls 
of  yeast  and  one  quart  (1-2  litres)  lukewarm  water.  Put  yeast  and  water  into 
the  centre  of  the  flour  as  it  rests  in  a  large  bowl,  mix  and  place  near  a  fire  or  in 
a  warm  spot,  covering  the  bowl  with  a  cloth.  In  five  or  six  hours  the  bread 
will  rise.  Add  a  dessertspoonful  of  salt  and  as  much  tepid  water  as  will  enable 
you  to  knead  the  dough  to  a  proper  consistency.  Then  cover  the  dough  and 
let  it  ferment  as  shown  by  the  cracking  of  the  surface.  Divide  and  bake.  The 
larger  the  quantity  of  flour  used  at  one  time  the  better  the  bread. 

Flour  and  milk.  One  of  the  variations  of  milk  diet  which  may  be  agreeable 
and  useful  in  dysentery  or  diarrhoea,  and  flavoured  in  many  ways  :  fill  a  pudding- 
basin  with  flour,  tie  a  cloth  over  the  top,  place  in  a  saucepan  half  full  of  water, 
and  boil  for  eight  or  ten  hours.  The  inner  portion  of  the  flour  becomes  a  hard 
mass.  Remove  the  soft  outer  portion  and  reduce  the  hard  portion  to  powder 
with  a  grater.  Keep  in  an  air-tight  tin.  One  tablespoonful  of  this  flour  stirred 
into  a  pint  of  boiling  milk  and  flavoured  or  sweetened  makes  an  acceptable  meal. 
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Oatmeal  gruel.  One  tablespoonful  of  groats  (coarse  oatmeal)  mixed  thoroughly 
with  two  of  cold  water  is  added  to  one  pint  (568  e.c.)  of  boiling  water,  stirring 
all  the  time.  Boil  for  ten  minutes,  continuing  the  stirring.  Sweeten,  and  if 
desirable,  add  a  little  sherry  or  brandy.  Milk  can  be  used  instead  of  water, 
and  if  this  mixture  is  boiled  for  half  an  hour  and  allowed  to  cool,  it  sets  like 
a  jelly. 

Oatmeal  porridge  is  made  in  the  same  way  with  either  milk  or  water,  the 
proportion  of  oatmeal  being  increased  according  to  the  consistency  desired. 
If  oatmeal  is  not  available  coarsely  ground  barley,  hominy  or  even  ground  rice 
will  serve  as  substitutes.  In  India  various  kinds  of  4  dhal  ’  (small  peas)  can  be 
employed  as  the  material  for  milk  porridge  and  supply  more  nourishment  than 
cereal  grains.  The  possible  value  of  local  cereals  and  leguminous  seeds  grown 
by  various  races  in  tropical  regions  must  always  be  kept  in  mind.  In  India 
and  elsewhere  there  are  millions  of  vegetarians  for  whom  the  local  produce  will 
provide  diet  during  sickness  as  in  health,  if  attention  is  paid  to  suitable  methods 
of  cooking.  Few  Hindus  or  Buddhists  eat  meat  in  any  form  and  soups  cannot 
form  part  of  their  diet  when  ill.  Mohammedans  and  certain  aboriginals,  free  from 
4  caste  ’  restrictions,  will  consume  diets  prepared  from  beef,  mutton,  goat,  fowls, 
etc.  Certain  low  castes  among  Hindus  eat  meat,  but  to  all,  high  or  low,  beef  is 
forbidden  as  is  pork  to  the  Mohammedan  (see  page  78). 

*  Panada  ’.  For  convalescent  patients  passing  to  something  more  substantial 
than  4  milk  foods  5  and  strained  soups,  a  digestible  dish  either  as  boiled,  or 
divided  into  little  4  rissoles  5  to  be  lightly  baked,  can  be  prepared  in  the  following 
way  with  fish,  chicken,  beef,  or  mutton  :  take  a  weighed  portion  of  the  flesh 
from  previously  boiled  or  roasted  bird  or  joint  or  boiled  fish  ;  mince,  pound 
in  a  mortar  with  an  equal  weight  of  bread  crumbs,  peas,  or  rice.  Add  4  stock  5 
or  water  in  which  the  viand  has  been  boiled,  beef  tea,  or  fluid  prepared  with 
one  of  the  many  meat  extracts  sold  in  bottles  or  tins  until  a  paste  is  formed. 
Make  into  small  cakes  for  baking,  or  place  in  a  small  bowl  or  mould  and  boil 
in  a  saucepan  4  water  bath  ’  for  ten  minutes.  The  mould  can  be  used  hot  or  cold. 

An  example  of  artificial  jellies,  to  be  varied  according  to  materials  at  hand, 
the  patient’s  condition  and  appetite,  is  : 

Port  wine  jelly.  One  pint  (568  e.c.)  wine  ;  one  ounce  (30  grm.)  isinglass  ; 
one  ounce  (30  grm.)  gum  arabic  ;  two  ounces  (60  grm.)  powdered  sugar  or  sugar- 
candy  ;  a  small  piece  of  cinnamon,  a  few  bits  of  lemon  peel,  or  a  few  drops  of 
any  wholesome  essence  used  for  cooking.  Place  in  a  well-covered  jar  to  stand 
for  six  hours  ;  then  put  the  jar  into  a  saucepan  4  water  bath  ’  and  simmer  until 
a  clear  fluid  is  formed.  Strain  and  cool,  on  ice  if  possible. 

In  almost  all  diseases,  and  especially  in  those  maladies  accompanied  by  high 
fever,  as  also  in  those  including  diseased  conditions  of  the  alimentary  canal, 
milk  is  the  chief  article  of  diet  and  one  which  all  may  take  in  almost  any  illness. 
When  a  patient  has  4  fever  ’  there  is  always  loss  of  appetite  for  ordinary  and 
solid  diet,  and  for  this  reason,  and  others  stated  above,  all  nourishment  must 
be  given  in  liquid  or  semi-liquid  form.  If  good,  fresh  milk  cannot  be  obtained, 
preserved  milk  or  desiccated  milk  must  be  used.  The  habits  and  customs  of 
native  milkmen  in  India,  Africa,  and  other  parts  of  the  tropical  and  sub-tropical 
world,  do  not  inspire  confidence  ;  some  of  their  methods  for  improving  milk 
are,  to  the  European,  disgusting.  It  is  not  necessary  to  go  into  minute  details, 
but  the  nurse  or  other  attendant  should,  if  possible,  superintend  the  operation 
of  milking,  and  that  no  loophole  be  left  for  dirt  or  infection,  milk  in  warm 
climates  should  be  boiled  and  strained  when  it  has  not  a  known  and  reliable 
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source.  Milk,  like  most  other  food,  soon  goes  bad  in  hot  countries,  but  if  an 
ice-chest  is  available,  the  milk,  fresh  or  boiled,  in  bottles,  plugged  with  surgical 
cotton  wool,  should  be  kept  in  it  (see  Sanitation  and  Hygiene).  Neither  milk 
nor  any  other  kind  of  food  should  ever  be  kept  in  the  sickroom.  Besides 
cow’s  milk,  the  milk  of  the  buffalo  and  of  the  goat  and  camel  can  be  obtained  in 
various  parts  of  the  tropics  ;  occasionally  she  asses  are  kept  for  the  sake  of  their 
milk — milk  at  one  period  considered  the  best  for  individuals  suffering  from 
tuberculosis.  If  it  is  good,  it  is  as  useful  as  good  milk  from  any  other  animal 
mentioned  but  not  absolutely  better.  The  flavour  of  goat’s  milk  is  not  liked  by 
every  one,  but  goats  may  be  obtained  when  cows  are  scarce  or  out  of  milk,  and 
if  the  goats  are  well  fed  and  well  groomed  their  milk  is  an  excellent  food.  For 
conditions  governing  the  addition  of  lime-water,  salts  of  calcium,  or  of  sodium 
to  milk  see  Enteric  Fevers,  Vol.  II  (see  also  page  69). 

When  milk  is  not  well  digested  and  appears  as  curds  in  the  stools,  whey  can 
be  substituted  as  a  change  for  a  day  or  so  before  the  entire  milk  diet  is  again 
continued. 

It  must  be  remembered  that  milk  during  illness  must  be  strictly  regarded 
as  food  to  be  given  at  fixed  times  and  in  measured  quantities.  Diet  being  a 
most  important  part  of  treatment,  especially  in  infectious  ‘  fevers  ’  with  impli¬ 
cations  of  the  intestinal  tract,  its  nature  and  quantity  will  be  ordered  in  writing 
by  the  medical  attendant.  To  the  nurse  falls  the  duty  of  administration  according 
to  a  rational  system.  Where,  for  a  time  at  least,  milk  is  the  only  food  permissible, 
about  3  pints  (60  oz.  =  1*7  litres)  will  be  required  daily,  and  for  an  adult  8  oz. 
may  be  given  every  3  hours  (64  oz.  =  1-8  litres)  or  every  4  hours  (48  oz.  = 
1-3  litres).  For  female  patients  and  for  children  the  amount  will  perhaps  be 
reduced  to  6  or  even  4  oz.  (170  or  115  c.c.). 

A  single  food  diet  soon  becomes  monotonous,  but  with  tact  and  ingenuity 
repeated  meals  of  milk  may  be  made  acceptable.  The  morning  milk  (8  a.m. 
for  instance)  might  be  slightly  flavoured  with  coffee  or  cocoa,  while  at  4  p.m. 
tea  and  sugar  in  small  amounts  might  be  added.  At  other  times  the  milk  can 
be  given  warm  or  iced.  In  conditions  other  than  those  mentioned  above, 
4-6  oz.  (115-170  c.c.)  of  beef  tea,  soup,  raw  meat  juice  (2  oz.  =  60  c.c.)  or  even 
smaller  quantities  of  jelly  may  be  added  to  the  diet,  thus  reducing  the  milk  meals 
and  the  total  amount  of  milk  required.  Moreover,  milk  preparations  and  junket 
will  add  variety.  The  curds  separated  when  whey  is  prepared  would  be  willingly 
consumed  by  Indian  patients  who  do  not  as  a  rule  appreciate  cold  milk. 

Eggs.  Cooked  eggs — boiled,  poached,  scrambled,  or  as  omelettes — must 
be  reserved  for  convalescence  and  the  days  of  recovery,  but  the  yolk  of  raw  eggs 
is  quite  suitable  for  invalids  if  properly  treated — beaten  up  in  warm  milk,  in 
tea,  or  in  coffee.  It  must,  however,  form  with  the  fluid  medium  a  smooth,  sightly 
emulsion,  and  success  lies  entirely  in  the  ‘  beating  ’.  Place  the  yolk  in  a  tea-cup 
and  beat  well  with  a  fork.  The  addition  of  a  tiny  pinch  of  salt  or  sugar  will 
help  to  break  up  the  yolk.  Add  warm  milk,  etc.,  gradually,  beating  the  while 
until  the  cup  is  nearly  full  ;  pour  into  a  large  glass  or  mug  and,  still  beating,  add 
the  rest  of  the  fluid  medium.  The  native  races  of  tropical  climates  will  eat 
raw  eggs.  The  white  of  egg  need  not  be  wasted.  It  may  be  wanted  for  4  Albumin 
water  ’  ;  if  not,  it  can  be  sent  to  the  kitchen  to  be  used  for  the  healthy  members 
of  the  family. 

Whey.  Warm  one  pint  (568  c.c.)  of  milk  slowly  to  100°  F.  (37-8°  C.)  ;  add 
one  cubic  inch  (15-5  c.c.)  of  rennet,  or  a  drachm  and  a  half  (6  c.c.)  of  pepsin 
wine.  Allow  the  pan  to  stand  by  the  fire  for  about  half  an  hour.  When  the 
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curd  has  completely  formed,  strain  and  squeeze  through  fine  muslin  or  through 
a  hair  sieve.  When  rennet  or  pepsin  wine  are  not  available,  sherry  or  tamarinds 1 
can  be  used  to  prepare  whey  :  to  a  pint  (568  c.c.)  of  boiling  milk  add  four  ounces 
(115  c.e.)  of  sherry  or  two  tablespoonfuls  of  freshly  bruised  (or  preserved) 
tamarinds.  Allow  the  milk  to  boil  for  another  two  minutes  ;  let  it  cool  and 
strain.  The  whey  made  with  sherry  is  sometimes  called  4  white  wine  whey  ’  or 
4  posset  ’.  Whey  can  be  sweetened  or  thickened  if  desired  with  arrowroot  or 
cornflour.  The  latter  is  more  nutritious  and  has  a  fairly  pleasant  flavour. 
Arrowroot  is  almost  pure  starch  and  has  taken  its  place  in  invalid  diet,  mixed 
with  water  or  with  milk,  chiefly  for  its  physical  and  restraining  action  where 
diarrhoea  or  inflammation  of  the  digestive  tract  makes  a  bland  and  thickening 
substance  desirable.  Milk  or  beef  tea  can  be  peptonized  to  assist  digestion  if 
necessary  and  full  directions  accompany  all  powders  (4  Zymine,’  etc.)  or 
tabloids  sold  for  the  artificial  digestion  of  food-stuffs.  Beyond  such  remarks  as 
will  be  found  in  the  section  4  Special  Diseases  ’  or  are  included  under  4  Treatment’ 
in  the  various  chapters  of  this  book,  further  instructions  as  to  diet  seem  unneces¬ 
sary.  As  the  4  fever  ’  with  other  pathological  characteristics  of  the  malady 
disappear,  more  and  more  food  may,  and  must,  be  given.  Commencing  with 
milk  and  egg,  custard  pudding,  various  other  milk  puddings,  fish,  chicken,  etc., 
the  directions  of  the  medical  attendant  carefully  carried  out  by  trained  nurse 
or  temporary  attendant  will  pass  the  invalid  safely  along  the  road  to  ordinary 
diet.  Only  one  caution  seems  necessary  :  Milk  puddings  should  be  cooked 
slowly  in  an  oven  that  does  not  burn  the  surface  layer.  A  burnt  surface  layer 
not  only  makes  the  pudding  unsightly,  it  leads  to  a  mistaken  belief  that  the 
constituents  of  the  pudding  are  sufficiently  cooked  and  is,  ol  itself,  indigestible. 

When  necessary  to  give  food  to  a  more  or  less  helpless  patient  a  spoon  or 
feeding-cup  should  be  employed.  The  ordinary  cup  with  three  handles  is 
all  right  so  long  as  the  nurse  merely  holds  it  steady  and  allows  the  patient  to 
direct  the  stream  from  the  spout  by  using  the  side  handles.  It  is  better  to  feed 
such  a  patient  from  the  left  side  of  the  bed.  The  nurse  will  pass  her  right  arm 
under  the  pillow  and  round  the  patient’s  shoulders,  raising  head  and  neck  as 
much  as  possible  without  strain  to  herself  or  discomfort  to  the  invalid.  With 
the  cup,  held  by  the  back  handle  with  the  left  hand,  the  nurse  will  leave  the 
patient  to  tip  it  more  or  less  as  he  desires.  (A  better  type  of  feeding-cup  is  the 
4  Ideal  ’,  generally  graduated  according  to  4  spoons  ’.  It  should  be  marked  off 
in  ounces).  The  large  porcelain  spoons  with  short  handle,  sold  as  medicine 
spoons,  are  very  useful  for  feeding  helpless  adults  and  children. 

CLINICAL  OBSERVATIONS. 

The  body  temperature.  The  normal  temperature  of  the  surface  of  the  skin 
is  98-4°  F.  (37°  C.).  In  the  mouth,  rectum,  and  vagina,  the  thermometer  registers 
from  99-5°  F.  (37-5°  C.)  to  100°  F.  (37-8°  C.).  Any  rise  above  these  averages,  or 
any  serious  fall  below  them,  if  more  than  very  temporary,  is  a  sign  of  disease. 

The  temperature  of  children  is  usually  higher  than  that  of  middle-aged  persons 
and  the  majority  of  adults.  When  dealing  with  sick  infants  and  young  children 
confined  to  bed,  a  convenient  place  for  taking  the  temperature  is  the  groin. 
The  thermometer  can  be  pressed  between  thigh  and  abdomen.  In  children,  there¬ 
fore,  a  rise  of  temperature  which  might  follow  an  attack  of  indigestion  or  some 
emotional  excitement  may  not  be  of  serious  import.  If,  however,  the  rise  is  again 
registered  during  succeeding  hours,  it  is  probably  a  sign  of  approaching  illness. 

1  Lemons  are  often  more  easily  procurable  and  answer  equally  well. 
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Pulse.  The  normal  pulse  rate  varies  with  age.  In  the  infant  it  may  beat  as 
often  as  130  times  in  a  minute  ;  in  the  child  of  6  or  7  years  it  will  vary  from 
1 00  to  90 ;  while  in  most  adults  the  average  number  of  pulsations  in  the  radial 
artery  is  about  75  per  minute,  but  a  range  from  65  to  80  may  occur  in  normal 
individuals.  Roughly  speaking,  an  increase  of  one  degree  of  temperature  above 
normal  will  be  accompanied  by  an  increase  of  about  10  pulse  beats  per  minute. 
With  certain  exceptions,  pulse  and  respiration  rates  increase  in  proportion  to  the 
rise  of  temperature.  The  pulse,  even  in  normal  persons,  varies  slightly  according 
to  position,  and  the  rate  increases  during  exercise.  It  is  always  wise  and  some¬ 
times  necessary  to  compare  the  pulse  beats  of  right  and  left  sides.  With  restless 
patients  and  with  small  children  it  may  sometimes  be  more  convenient  to 
count  the  pulse  in  the  femoral  artery  or  in  the  temporal  artery.  As  the  regularity 
or  irregularity  of  the  pulse  rhythm  is  primarily  due  to  the  state  of  the  heart, 
modified  by  loss  of  tone  or  disease  of  the  arteries,  this  quality  must  be  noted 
as  well  as  the  actual  rate  of  pulsation.  The  pulse  may  be  intermittent,  missing 
a  beat  occasionally,  or  irregular  in  rhythm,  rapid  or  slow  for  a  few  beats.  Other 
information  is  acquired  by  the  sense  of  touch — the  pulse  may  be  small,  large, 
hard,  soft,  or  dicrotic,  conditions  regarding  which  the  instructing  officer  will 
provide  simple  explanations  resting  upon  a  knowledge  of  physiology  and 
pathology. 

Respiration  and  the  breath.  Breathing  is,  in  healthy  persons,  almost  un¬ 
noticed,  an  involuntary  expansion  of  the  chest  and  abdomen  as  air  passes  into 
and  out  of  the  lungs.  There  is  in  health  a  normal  relation  between  the  pulse 
rate  and  the  frequency  of  respiration  :  about  four  pulse  beats  to  each  cycle  of 
inspiration  and  expiration.  There  should  be  no  difference  in  the  movement  of 
the  two  sides  of  the  chest.  Respiration  varies  slightly  with  position  and  is,  like 
the  pulse,  quickened  by  bodily  exercise  or  mental  excitement.  During  healthy 
sleep  breathing  should  be  quiet  and  hardly  perceptible.  There  are,  of  course, 
normal  persons  with  respiration  differing  from  the  standard  of  18  to  20  respira¬ 
tions  per  minute.  Deviation  one  way  or  another  during  repose  indicates  disease. 
It  must  be  remembered  that  both  with  pulse  and  respiration  abnormal  conditions 
due  to  malformations,  or  to  chronic  disease,  may  be  added  to  those  resulting 
from  the  infectious  ‘  fever  ’,  or  other  malady,  for  which  the  patient  is  under 
treatment.  These  conditions  must  be  noted  and  allowed  for.  It  is  wise  to  count 
the  respirations  without  the  patient’s  knowledge.  If  the  patient  is  sleeping  or 
semi-conscious  the  matter  is  easy.  If  attention  is  drawn  to  the  act  of  respiration 
the  rate  alters.  The  nurse,  having  counted  and  recorded  the  pulse,  may  pretend 
to  take  it  on  the  other  side  and  while  lightly  holding  the  wrist  can  count  the 
respirations.  It  may  be  important  for  the  nurse  to  notice  certain  characteristic 
noises  due  generally  to  temporary  obstructions  in  some  part  of  the  air 
passages : 

Hoarseness.  Produced  by  inflammation  and  swelling  of  the  vocal  cords  or  of 
the  mucous  membrane  of  the  larynx.  In  croup,  laryngitis,  tonsillitis,  diphtheria, 
or  injury  by  scalding,  caustic  or  corroding  fluids  the  voice  is  more  or  less 
affected.  Chronic  hoarseness  accompanies  syphilitic,  tubercular,  and  cancerous 
affections. 

Stridor,  ‘  crowing  ’  and  spasms  accompany  attacks  of  croup  and  the  charac¬ 
teristic  crowing  whoop  of  whooping-cough  need  only  be  mentioned.  Patients, 
especially  children,  should  be  watched  for  mouth-breathing.  This  is  sometimes 
merely  a  bad  habit  which  can  be  cured  by  suggestion  and  keeping  the  head 
well  raised.  It  is,  however,  like  snoring,  often  due  to  obstruction  of  the  nose 
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by  polypus  or  by  mucus,  or  to  adenoids  at  the  back  of  the  nose.  It  is  often  a  sign 
of  enlarged  tonsils.  Indications  of  illness  are  conveyed  by  the  odour  of  the  breath. 
Decayed  teeth  give  rise  to  an  unpleasant  smell ;  in  gastric  and  intestinal  dis¬ 
orders  the  breath  is  often  offensive  ;  a  sour,  vinous  odour  indicates  excessive 
use  of  alcohol  ;  in  diabetes  the  breath  has  a  faint  apple-like  odour,  it  may 
even  exhale  an  ammoniacal  odour  in  certain  diseases  of  the  bladder  and 
kidneys. 

Sputum.  In  various  diseases  of  the  lungs,  whether  alone  or  arising  as  com¬ 
plications  during  infectious  ‘  fevers  ’,  etc.,  cough  and  expectoration  are  marked 
symptoms  and  important  information  is  obtained  from  observation  of  the  sputum 
— the  frothy,  watery  sputum  of  asthma,  the  slightly  purulent,  mucous  sputum  of 
bronchitis ;  the  nummular,  often  blood-streaked,  expectoration  of  tuberculosis, 
and  the  tenacious,  rusty,  or  ‘  prune  juice 5  sputum  characteristic  of  most  forms  of 
pneumonia  may  be  cited  as  examples.  Any  distinctly  foetid  odour  not  traced  to 
mouth  or  throat,  is  symptomatic  of  septic  abscess  or  of  gangrene  of  some  portion 
of  the  lung  tissue.  In  haemoptysis  fresh  red  blood  mixed  with  air  and  mucus  is 
coughed  up.  All  such  conditions  as  they  vary  from  day  to  day  must  be  recorded 
by  the  nurse  in  her  report  and  the  sputum  must  be  kept  for  the  doctor’s  inspec¬ 
tion.  Of  the  types  of  sputum  cup  generally  sold,  the  best  are  those  with  a  handle 
and  a  metal  lid  that  can  easily  be  raised  by  pressure  of  the  thumb  upon  a  small 
projecting  arm  or  upon  a  button  as  arranged  on  the  covers  of  hot  water  jugs. 
Spittoons  with  an  internal  funnel  are  objectionable,  they  are  difficult  to  clean, 
and  the  sputum-soiled  funnel  must  be  lifted  when  inspection  of  their  contents  is 
desired ;  moreover,  without  an  accessory  lid,  these  vessels  are  open  to  flies.  A  fairly 
heavy  ten-ounce  (280  c.c.)  jam  jar,  covered  with  the  lid  of  a  discarded,  round  tin, 
makes  an  excellent  sputum  cup,  easily  cleaned  by  boiling.  Four  ounces  (120  c.c.) 
of  1  in  40  carbolic  lotion  should  be  put  into  the  jar  before  use  and  renewed  after 
cleansing.  After  inspection,  the  sputum  and  lotion  may  be  emptied  into  the 
sewer  drainage  which  takes  faecal  matter  and  urine,  or,  as  in  the  tropics  such 
systems  of  drainage  are  rarely  found,  into  the  bathroom  commode-pan.  Spittoons 
should  never  be  washed  in  the  sink,  nor  should  their  contents  pass  into  house  or 
kitchen  drains.  In  camp,  the  sputum  may  be  buried  in  the  night-soil  trench 
or  mixed  with  earth  and  burned.  Always  warn  the  patient  to  ask  for  the 
sputum  cup  if  too  feeble  to  reach  it  from  the  bedside  table  ;  otherwise  he  will 
spit  into  a  handkerchief,  a  most  insanitary  practice  to  be  strongly  discouraged. 
Persons  weakened  by  disease  or  old  age  sometimes  find  it  difficult  to  expel  the 
sticky  sputum  of  pneumonia  from  the  mouth.  When  this  occurs,  the  nurse  can 
give  help  by  wiping  the  mouth  and  throat  with  surgical  wool  dipped  into  a 
mixture  of  boracic  lotion  and  glycerin  and  twisted  round  a  pair  of  artery  forceps. 
Children  often  require  similar  help.  They  generally  swallow  sputum,  or,  if  it 
is  secreted  in  large  amounts,  expel  it  by  vomiting,  as  frequently  occurs  at  the 
conclusion  of  a  paroxysm  of  whooping-cough.  Sputum  from  pneumonic  plague, 
from  phthisis  or  from  cases  of  diphtheria  and  trench  fever  carrying  infectious 
germs,  requires  careful  handling  and  should  be  mixed  with  saw-dust,  or  earth, 
and  burned.  Patients  suffering  from  these  maladies  should  be  provided  with 
pieces  of  old  rag  with  which  to  wipe  nose  and  mouth.  These  can  be  burned, 
and  the  nurse  in  charge  of  such  cases  would  be  wise  to  use  rubber  gloves  when 
washing  the  spittoons  or  when  cleansing  the  mouth  or  throat  of  such  a  patient. 
If  it  is  necessary  to  preserve  a  specimen  of  sputum  for  bacteriological  or  micro¬ 
scopic  examination,  the  medical  attendant  should  remove  the  required  portion 
himself  and  place  it  at  once  in  a  test  tube  closed  with  a  cork  or  with  a  thick  plug 
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of  sterilized  cotton  wool.  Swabs  of  wool  held  in  a  long  pair  of  forceps  can  be 
used  to  take  4  membrane  ’,  etc.,  from  the  throat  of  a  diphtheria,  tonsillitis,  or 
scarlet-fever  case.  The  forceps  should  be  passed  through  a  flame  and  then 
boiled. 

The  ‘  stools  ’.  The  nature  and  importance  of  the  4  stools  5  in  enteric  fevers, 
dysenteries,  diarrhoea,  cholera,  and  sprue  will  be  recorded  in  the  chapters 
devoted  to  these  diseases.  It  will  be  the  nurse’s  duty  to  enter  the  number  and 
nature  of  the  4  motions  ’  in  her  daily  report.  It  will  frequently  also  be  necessary 
to  keep  some,  at  least,  for  inspection.  Points  to  be  noted  are  :  frequency,  pain 
or  tenesmus  during  defsecation,  consistence  and  colour  of  faeces  and  any  abnormal 
substances — blood,  mucus,  fat,  worms,  etc. — which  the  stools  may  contain. 
The  directions  given  for  preserving  specimens  of  sputum  apply  with  slight 
variation  to  faeces.  If  desired,  culture  tubes  may  be  directly  inoculated  from  the 
sputum  cup  or  from  the  bed-pan  (see  Laboratory  Methods). 

Bed-pan.  There  are  two  main  types  of  bed-pan,  the  4  circular  ’  and  the 
4  slipper  When  the  patient  is  quite  helpless  and  there  is  only  one  nurse  or 
attendant,  the  4  slipper  ’  bed-pan  is  the  easier  to  manipulate.  When  extra  help 
is  available  or  where  the  patient  is  able  to  co-operate  with  the  nurse,  either 
pattern  will  serve.  The  pan  should  be  warmed  with  hot  water,  or  before  a 
fire,  previous  to  use ;  the  edges,  and  the  toe  portion  of  the  4  slipper  ’,  should  be 
greased  with  vaselin.  The  slipper-pan  may  also  be  sprinkled  with  talc  powder 
to  ease  the  contact  with  the  skin.  The  circular  bed-pan  generally  possesses  a 
handle  which  is  hollow.  This  should  be  firmly  plugged  with  tow  or  wool  before 
use.  No  disinfectant  need  be  placed  in  the  pan  previous  to  use,  and  a  cover  of 
flannel,  etc.,  is  not  desirable  as  it  may  so  easily  become  soiled.  Place  a  small 
pillow  or  air  cushion  under  the  back,  lay  the  bed-pan  in  position  between  the 
thighs  and  raise  the  buttocks  by  slipping  one  arm  under  the  bent  knees  ;  the 
pan  can  then  be  pushed  into  its  proper  place  with  the  other  hand.  When  a 
helpless  patient  is  too  heavy  to  allow  lifting  as  just  described  and  extra  help  is 
not  available,  roll  him  completely  on  to  one  side,  place  the  pillow  in  position 
and  the  slipper  pan  in  place,  then  roll  the  patient  on  to  pillow  and  pan,  com¬ 
pleting  the  operation  by  such  lifting  of  the  buttocks  as  may  be  necessary. 
This  extra  lift  can  be  obtained  by  passing  the  arms  round  the  abdomen  and 
under  the  back.  If  the  patient  is  not  able  to  perform  the  necessary  toilet  the 
nurse  should  use  old  rags  or  pads  of  surgical  cotton  wool  for  cleaning  purposes. 
A  disinfectant  should  be  ready  to  pour  into  the  pan  when  removed,  and  a  folded 
towel  wrung  out  in  disinfectant  should  be  used  to  cover  the  pan.  The  pan 
must  be  removed  from  the  patient’s  room  at  once.  The  nurse  should  examine 
the  4  stool  ’  and  enter  any  details  in  her  report.  If  the  4  stool  ’  is  to  be  kept 
for  the  doctor  and  there  is  only  one  bed-pan  which  may  be  required  for 
use  before  the  time  of  his  visit,  the  stool  and  lotion  can  be  transferred  to 
a  clean  chamber  utensil  or  bathroom  commode-pan  which  must  be  properly 
covered.  If,  as  is  generally  the  case  in  the  tropics,  the  pan  is  emptied  and 
cleaned  by  a  native  servant,  the  nurse  must  inspect  it  carefully  and  rinse  it 
with  antiseptic  solution  before  it  is  taken  back  to  the  bedroom  (see  Enteric 
Fevers,  Vol.  ii). 

The  urine  and  urinals.  A  glass  urinal  or  a  large,  wide-mouthed  glass  bottle 
must  be  provided,  and  it  is  essential  that  no  urine  should  be  passed  into  the 
bed-pan.  The  normal  colour  of  healthy  urine  varies  from  the  lightest  to  the 
darkest  yellow,  and  the  total  amount  passed  during  twenty-four  hours  varies 
from  60  to  40  ounces  (1-7  to  1T3  litres).  Less  fluid  is  passed  in  hot  countries, 
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but  the  actual  composition  is  the  same,  although  in  hot  climates,  and  after  severe 
exercise,  the  amount  of  the  solid  components  appears  to  be  larger.  In  disease 
the  nurse  must  notice  colour  and  abnormal  contents — pus,  blood,  etc.  It  will, 
in  most  cases,  be  necessary  to  measure  the  total  amount  passed  during  the 
day  of  24  hours.  Large  graduated  glass  jars  are  sold  for  measuring  urine,  but, 
failing  these,  the  exact  amount  which  any  jar  or  bowl  contains  can  be  estimated 
by  filling  it  with  measured  quantities  of  water,  and  a  mark  scratched  with  a 
diamond  or  steel  point  can  be  fixed  on  the  outside  at  any  desired  level.  Not  only 
the  total  amount  of  urine  but  the  number  of  times  the  patient  urinates  should 
be  entered  in  the  report. 

REMEDIAL  AGENTS. 

Baths,  cold  sponging',  and  cold  pack.  Baths,  apart  from  cleanliness,  provide 
remedial  help.  A  hot  bath  relaxes  the  surface  blood-vessels  and  the  muscles. 
If  carried  too  far  a  hot  bath  will  produce  faintness.  The  following  are  the  usual 
temperatures  of  various  baths  : 

Hot  baths . 100°  to  106°  F.  (38°  to  41°  C.). 

Warm  baths  .......  95°  F.  (35°  C.). 

Tepid  baths . 80°  to  85°  F.  (26°  to  29-5°  C.). 

Water  at  70°  F.  (21°  C.)  and  below  constitutes  a  cold  bath,  but  any  degree 
may  be  required,  and  obtained,  by  addition  of  ice.  In  the  tropics  ordinary 
bath  water  is  never  very  cold. 

During  illness  a  hot  bath  will  only  be  given  under  medical  direction  and 
the  time  selected  should  not  be  less  than  two  hours  after  a  meal.  The  evening 
is  a  suitable  time  since  a  hot  bath  is  often  an  aid  to  sleep.  Where  a  portable 
bath  is  available  it  will  be  brought  to  the  bedside.  It  should  not  be  more  than 
half  filled  with  hot  water  ;  extra  hot  or  cold  water  can  be  added  later  to  main¬ 
tain  the  requisite  temperature.  The  temperature  is  then  taken  with  a  bath 
thermometer  ;  an  ordinary  large  wall  thermometer  will  do.  If  no  thermometer 
is  available  the  nurse  can  test  the  temperature  with  her  arm.  When  proper 
heat  is  obtained  the  night-shirt  must  be  quickly  removed  and  a  blanket  thrown 
over  the  patient.  Withdraw  the  draw-sheet  on  the  side  nearest  the  bath  and 
pull  it  over  the  bath  so  that  it  will  form  a  support  for  the  patient  as  he  is  lifted 
and  lowered  into  the  bath.  Ten  minutes  is  long  enough  for  a  hot  bath  and  the 
patient  must  be  removed  as  quickly  as  possible  on  to  a  warm  blanket  and 
dried  with  hot  towels.  A  clean  draw-sheet  can  then  be  rolled  into  its  place  as  the 
damp  blanket  and  waterproof  below  it  are  withdrawn.  A  dry  blanket  or  sheet 
should  cover  the  patient  while  the  night-shirt  is  being  slipped  on  over  the  head. 

If  a  bath  is  not  available  wring  out  a  sheet  in  hot  water,  roll  it  round  the 
naked  patient,  but  not  tightly,  and  wrap  a  blanket  over  the  sheet. 

Cold  and  ice  baths  are  sometimes  ordered  in  cases  of  sunstroke  (chap.  88) 
and  when  infectious  fevers  are  accompanied  with  hyperpyrexia.  For  cold 
sponging  and  ‘cold  pack  ’  see  Enteric  Fevers  (chap.  43).  An  ordinary  house-bath 
contains  about  25  to  30  gallons  of  water. 

Medicines.  The  dispenser  who  makes  up  prescriptions  writes  the  amount 
of  the  dose  on  the  label,  and  strict  attention  must  be  paid  to  such  directions. 
If  possible,  the  amounts  should  be  measured  with  properly  graduated  medicine 
glasses.  Every  one  going  to  the  tropics  should  possess  such  measures  which 
are  sold  with  leather  cases  to  prevent  breakage.  A  minim  measure  for  60 
minims  (4  c.c.)  and  a  4  oz.  (115  c.c.)  measure  are  desirable. 
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For  Solids 

1  grain  (usually  written  gr.)  =0-0648  grm. 

1  scruple  (symbol  ^i)=(20  gr.)  =1-296  grm. 

1  drachm  (symbol  3i)=(3  scruples)  =3-88  grm. 

1  ounce  (symbol  §i)  =  (480  gr.  or  8  drachms)  =31-1  grm. 

For  Fluids 

1  minim  (usually  written  CD)  =0-0592  c.c. 

1  drachm  (symbol  3i)=(60  minims)  =3-55  c.c. 

1  ounce  (symbol  §i)=(480  minims  or  8  drachms)  =  28-4  c.c. 
1  pint  (symbol  Oi)=(9600  minims  or  20  ounces)  =568  c.c. 

1  gallon  =  8  pints  or  4-536  litres. 


When  graduated  measure-glasses  are  not  at  hand  : 

1  teaspoonful  =  1  drachm  (4  c.c.). 

1  dessertspoonful  =2  .,  (8  c.c.). 

1  tablespoonful  =4  ,,  (15  c.c.)  =  \  ounce. 

1  sherry  glass  =  slightly  more  than  2  oz.  (60  c.c.). 

A  threepenny  piece  weighs  20-8  gr.  (1-25  grm.). 
Half-a-crown  weighs  218  gr.  (14-5  grm.). 

Three-pennies  weigh  1  oz.  (30  grm.). 


Medicines,  lotions,  etc.,  if  kept  in  the  sick-room  should  not  be  left  standing 
near  the  bed.  If  possible  they  should  be  kept  in  a  cupboard  or  box  which  can 
be  locked.  All  poisonous  drugs  and  disinfectants  should  be  kept  in  coloured, 
fluted  bottles  so  that,  even  in  a  bad  light,  they  can  be  distinguished  by  touch. 
They  must,  also,  bear  a  red  4  poison  ’  label.  The  hour  at  which  a  dose  is  given 
and  the  amount,  should  be  entered  (see  Nurse’s  Report).  If  a  patient  is  sleeping 
quietly  at  the  time  when  medicine  is  due,  do  not  wake  him  but  note  the  fact 
for  the  doctor’s  information.  Give  the  dose  when  the  patient  awakes  and  count 
the  hours  until  the  next  dose  is  due  from  such  time.  The  bottle  should  always 
be  well  shaken  if  the  medicine  shows  any — 'even  the  faintest — sediment.  If 
medicine  is  ordered  4  three  times  a  day  ’,  keep  to  fixed  hours  :  10  a.m.,  2  p.m., 
6  p.m.,  unless  any  reference  is  made  to  4  before  ’  or  4  after  ’  meals,  etc.  When 
giving  an  effervescing  mixture  put  the  two  components  in  separate  receptacles 
and  mix  them  at  the  bedside  when  the  patient  is  ready,  the  head  raised,  or  any 
other  necessary  operation  completed.  Powders  and  pills  may  be  given  with 
honey  or  jam  or  simply  washed  down  with  water  or  other  drink  except  milk. 
The  unpleasant  taste  of  any  drug  is  best  removed  with  water,  etc.,  or  a  bit 
of  ice.  Oil  is  best  taken  if  floated  on  water.  When  a  patient  is  helpless  the  same 
precautions  must  be  taken  and  assistance  given  as  noted  under  4  Diet  ’.  If  the 
patient  is  only  partly  conscious  but  can  swallow,  medicine  is  best  given  through 
a  funnel  with  rubber  tube  that  can  be  passed  between  the  cheek  and  the  teeth. 
Hypodermic  injections  should  not  be  entrusted  to  any  nurse  who  has  not  been 
fully  trained  and  has  not  had  experience  in  such  methods  of  medication. 

Enemata.  These  rectal  injections  are  employed  :  (1)  to  wash  out  the  rectum 
previous  to  an  operation  and  after  purgation  :  a  warm,  weak  boracic  lotion  or 
warm  saline  solution  (1  drachm  to  20  oz.  of  water  =  4  c.c.  to  568  c.c.)  are 
suitable  for  this  purpose,  a  double  rectal  tube  to  be  used,  the  return  portion 
emptying  into  a  bed-pan ;  (2)  to  administer  food  when  the  patient  cannot  swallow 


NURSING 


255 


or  when  it  is  essential  that  the  stomach  and  intestine  should  have  rest  ;  and 
(3)  to  provoke  an  evacuation  from  the  colon  when  aperients  by  the  mouth 
are  undesirable  or  have  failed  to  act.  Drugs  to  be  absorbed  by,  or  directly 
applied  to,  the  mucous  membrane  of  the  lower  part  of  the  bowel  are  given  in 
enemata,  and  under  this  heading  continuous  saline  infusion  after  an  operation 
or  after  haemorrhage  or  shock  may  be  included.  The  foundation  medium  of 
all  large  purgative  enemata  is  a  mixture  of  soap  and  warm  water  :  about  one 
pint  and  a  half  (850  c.c.)  should  be  prepared  with  Castile  soap  or  plain  yellow 
soap.  Of  this  it  is  not  necessary  to  inject  more  than  one  pint  (568  c.c.),  but 
the  extra  fluid  in  the  bowl  covers  the  weighted  end  of  the  syringe  and  prevents 
sucking  in  air.  The  long  gum-elastic  rectal  tube  should  be  fitted  over  the 
bone  nozzle  of  the  syringe  after  it  has  been  warmed  and  oiled  or  smeared  with 
vaselin.  As  the  enema  may  be  returned  at  once,  together  with  faecal  matter, 
it  is  advisable  to  place  the  patient  in  the  dorsal  position,  knees  drawn  up  and 
apart  and  feet  resting  against  a  pillow  or  cushion,  abed-pan  in  place.  Even  when 
the  enema  is  not  likely  to  be  returned  at  once  :  e.  g.  small  glycerin  enemata, 
nutrient  enemata,  etc.,  tow  or  wool  must  be  placed  under  the  buttocks  to 
receive  any  small  backflow  or  drippings  from  the  enema  tube  when  withdrawn. 
The  syringe  must  be  worked  once  or  twice  in  the  basin  to  expel  air  and  to  fill 
it  so  that  only  a  little  air  in  the  long  tube  will  enter  the  bowel.  Pass  the  gum 
elastic  tube  gently,  but  without  hesitation,  through  the  anus  with  the  right 
hand,  while  the  fingers  and  thumb  of  the  left  hand  stretch  the  aperture.  When 
the  tube  has  passed  the  internal  sphincter  it  may  be  gently  worked  onward 
until  about  two-thirds  of  the  long  elastic  tube  are  within  the  bowel.  Work 
the  syringe  firmly  and  without  jerking.  When  the  weighted  end  is  barely  covered 
stop.  Lay  the  syringe  in  the  enema  bowl,  withdraw  the  tube  slowly  and  press 
the  edges  of  the  anus  together.  During  this  operation  the  nurse  should  wear 
rubber  gloves  or  cover  the  fingers  of  the  left  hand  with  lint  or  rags.  For 
adults  Lynch’s  safety  enema  syringe  or  Higginson’s  syringe  are  suitable ;  for 
children  round  ball  syringes  with  gum  elastic  nozzle  may  be  used.  Funnels, 
with  stout  rubber  tube  attached,  are  most  convenient  for  injections  of  saline 
solution  and  for  nutrient  enemata  large  in  amount  and  of  fluid  consistence.  To 
the  soap  and  warm  water  enema  are  occasionally  added  glycerin  or  turpentine— 
of  either  1  oz.  (28-5  c.c.)  to  a  pint  (568  c.c.).  Large  injections  are  unsuitable 
for  children  for  whose  needs  the  glycerin  enema  is  eminently  suited  : — Glycerin 
4  drachms  (16  c.c.),  water  1  oz.  (30  c.c.).  Place  the  patient  on  the  left  side 
with  knees  drawn  up  and  the  buttocks  close  to  the  edge  of  the  bed.  Warm 
the  syringe,  fill  it,  and  introduce  the  lubricated  nozzle  and  inject.  After  with¬ 
drawal  press  the  buttocks  together  for  half  a  minute.  The  patient’s  attention 
may  be  drawn  away  from  the  operation  by  conversation.  When  using  funnel 
and  flexible  tube  for  nutrient  enemata  or  for  saline  solution,  tube  and  funnel 
must  be  filled  before  the  former  is  introduced.  It  is  advisable  to  have  ready 
a  4  gallows  ’  as  recommended  for  irrigation,  or  a  stout  pole  fixed  to  the  foot 
of  the  bed,  to  which  a  hook  or  ring  may  be  attached,  so  arranged  as  to  support 
the  funnel.  Clamp  the  tube,  after  oiling,  about  three  inches  from  the  bottom, 
push  the  tube  into  the  rectum,  remove  the  clamp  and  the  fluid  will  stiffen  the 
tube  and  make  the  passage  farther  into  the  colon  easier.  When  withdrawing 
the  tube  press  the  buttocks  together  with  the  left  hand.  If  the  glass  syringe 
is  the  only  kind  available  for  rectal  injections,  a  4  gum  elastic  ’  or  rubber  tube 
should  be  fitted  over  the  glass  nozzle.  Skill,  not  force,  is  required  for  the  above 
manoeuvres.  The  mucous  membrane  of  the  gut  is  easily  injured  and,  especially 


256 


NURSING 


in  the  tropics,  even  minute  abrasions  may  become  a  nidus  for  microbic  invasion. 
With  a  restless  patient,  or  during  sleep,  the  tube  conveying  the  saline  fluid 
may  become  displaced.  To  prevent  such  an  accident  the  tube,  if  long  enough, 
may  be  fastened  to  one  or  other  thigh  with  strapping  or  with  bandage.  If 
there  is  no  4  slack  ’  the  tube  can  be  fixed  to  a  ‘  T  ’  bandage  from  the  waist. 

Suppositories.  These  medicated  cones  must  be  greased,  or  dipped  in  oil, 
and  pushed,  pointed  end  first,  well  into  the  rectum  beyond  the  internal  sphincter 
by  a  well-lubricated  finger.  Nutrient  suppositories  are  also  sometimes  employed, 
together  with,  and  as  an  alternative  to,  nutrient  enemata.  When  this  method 
of  feeding  is  used  for  any  length  of  time  the  debris  should  be  removed  and  the 
rectum  cleansed  once  daily  with  warm  soap  and  water  or  warm  saline.  The 
one  fluid  which,  alone,  must  never  be  used  to  irrigate  surfaces  covered  by  mucous 
membrane,  is  water  ;  the  fluid  which  impregnates  and  covers  human  and  other 
animal  tissues  is  always  a  saline  (not  necessarily  merely  Na  Cl)  solution  varying 
slightly  from  0-6  to  0-8  per  cent. 

When  it  becomes  necessary  to  apply  drugs  by  way  of,  or  directly  to,  the 
rectum,  the  best  way  to  ensure  retention,  with  little  irritation,  is  to  incorporate 
the  medicine  in  a  small  enema  of  starch  and  opium  (without  opium  for  children). 
The  medical  attendant  will  prescribe  the  drugs  and  the  amount  of  tincture 
of  opium.  The  starch  or  arrowroot  mixture  should  flow  easily  through  a  rubber 
tube  or  gum  elastic  catheter  attached  to  a  small  syringe. 

Ointments.  When  necessary  to  apply  ointments  to  unbroken  skin  they 
should  be  gently  rubbed  in  with  the  finger-tips.  Where  the  skin  of  the  nurse 
is  tender  or  where  there  might  be  any  chance  of  infection,  the  nurse  should 
protect  the  fingers  employed  with  4  stalls  ’  of  fresh  wash-leather  or  clean 
white  kid. 

Ointments  used  as  4  dressings  5  for  wounds  or  ulcers  should  be  spread,  with 
spatula  or  paper-knife,  on  the  smooth  side  of  a  piece  of  lint,  or  on  linen,  cut  to  the 
size  required.  Astringent  ointments  are  applied  to  external  piles  and  4  tartar 
emetic’  ointment  (antimony  tartrate)  is  sometimes  employed  as  an  irritant  and 
determinant  to  the  skin  over  a  diseased  area :  e.  g.  in  diseases  of  the  lungs,  chronic 
enlargement  of  the  spleen.  Ointments  of  a  simple,  unmedicated  nature — 
vaselin  lanolin — are  used  to  protect  the  skin  around  areas  to  which  blisters, 
caustics,  acids,  etc.,  are  applied.  The  skin  at  the  periphery  of  a  poulticed  or 
fomented  surface  should  be  similarly  guarded.  Ointments  containing  mercury, 
chrysophanic  acid  (for  Ring  Worm)  and  iodide  of  potassium  should  be  applied 
with  guarded  fingers.  The  second  and  third  will  discolour  clothing. 

Liniments  and  oils.  Liniments  are  generally  more  or  less  poisonous  and 
should  be  kept  in  coloured,  fluted  bottles  and  apart  from  medicines  for  internal 
use.  The  directions  for  their  application  are  those  for  applying  unguents. 
Tender  skin  is  easily  damaged  if  the  rubbing  is  too  vigorous  and  jerky.  Many 
oils — mustard  oil,  poppy  oil,  neem  ( Melia  Azadiraclita  L.)  oil — are  used  as 
liniments  and  as  aids  to  massage.  Mustard  oil  is  a  great  favourite  with  oriental 
races.  It  is  used  for  the  toilet  to  supple  and  protect  the  skin  after  bathing,  as 
a  liniment  for  pains  and  aches,  and  as  a  culinary  oil.  Liniments  of,  or  containing, 
iodine  should  be  applied  with  a  brush  and  the  boundaries  of  the  painted  area 
should  be  protected  with  a  simple  unguent. 

Lotions.  Evaporating  lotions  containing  acetate  of  lead  with  alcohol  (as 
rectified  spirit),  etc.,  or  composed  of  nitrate  of  potash  4  drachms,  chloride  of 
ammonia  4  drachms  (16  grm.),  common  salt  4  drachms,  with  12  oz.  (340  c.c.) 
of  water  are  used  for  their  cooling  action  when  exposed  to  the  air.  As  evapora- 
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tion  proceeds  very  rapidly  in  the  tropics,  the  lint  or  other  material  containing 
the  lotion  may  be  kept  wet  by  slow  irrigation  by  means  of  a  strip  of  cloth  or 
lamp  wick  connected  to  a  bowl  full  of  lotion. 

Frequently  the  lotion  is  used  to  promote  circulation  of  blood  and  lymph 
in  an  inflamed  part.  It  will  then  be  applied  on  a  folded  piece  of  lint  and  securely 
covered  with  waterproof  tissue  and  a  bandage. 

Ice  and  ice-bags.  Ice  has  many  uses  during  illness  ;  it  cools  food  and  drink, 
adding  to  the  patient’s  comfort ;  it  quenches  thirst  when  the  consumption 
of  much  fluid  is  forbidden,  while  thirst  is  always  present  in  tropical  regions 
even  among  the  healthy  ;  it  is  of  value  as  a  preservative — the  ice-box  and  cold 
storage — and  it  is  a  weapon  of  use  in  case  of  bleeding.  As  in  the  case  of  water, 
one  must  be  sure  of  the  purity  of  the  ice.  This  necessity  extends  also  to  the 
water  used  for  the  manufacture  of  all  aerated  waters  (see  chap.  6, 
page  122).  When  liquid  air  is  available  it  is  useful  as  a  refrigerating  agent  and 
an  atmospheric  purifier.  Ice,  in  fragments,  is  applied  in  bags  or  as  a  poultice 
in  cases  of  internal  bleeding  from  chest  or  abdomen. 

Poultices  and  fomentations.  Both  agents  apply  moist  heat  and  increase 
the  blood  and  lymph  supply  in  the  region  to  which  they  are  directed.  Moist 
heat  also  eases  pain  in  inflamed  areas  and  during  spasms  such  as  occur  during 
the  passage  of  gall  stones  or  urinary  calculi. 

There  is  practically  no  limit  to  the  materials  which  can  be  used  to  make 
poultices.  The  bread  poultice  is  an  abomination  and  linseed  is  not  always 
to  be  had  in  tropic  lands,  but  starch  or  any  meal  will  serve,  and  clean,  excellent 
poultices  are  easily  prepared  with  carrots  or  the  leaves  of  trees  locally  believed 
to  possess  medicinal  virtues.  Thus  a  poultice  of  neem  (M.  Azadirachta)  leaves 
is  gratefully  accepted  by  Indians,  and  any  native  cook  would  collect,  boil,  and 
bruise  the  leaves. 

If  vegetable  matter  is  used  it  must  be  boiled  or  pounded  in  boiling  water. 
As  an  example  of  ‘  meal  ’  poultices,  the  one  generally  made  with  linseed  may 
be  given  :  Crushed  linseed,  containing  some  of  the  oil,  is  slowly  sprinkled  into 
a  bowl  containing  half  a  pint  (284  c.c.)  of  boiling  water  and  the  mixture  steadily 
stirred  with  a  fork  or  piece  of  stick.  If  a  larger  poultice  is  required  more  water 
and  meal  can  be  added.  When  thoroughly  mixed  turn  out  on  to  the  lint,  linen, 
parchment  paper,  or  other  material  which  has  previously  been  cut  to  a  size 
rather  larger  than  the  area  to  which  the  poultice  is  to  be  applied.  Spread  the 
poultice  mass  to  the  required  size  and  fold  the  edges  of  the  lint,  etc.,  over  the 
material.  Do  not  clap  the  poultice  on  suddenly  or  in  haste.  If  the  patient 
finds  it  too  hot,  a  piece  of  rag  or  muslin  may  be  placed  between  the  skin  and 
the  poultice.  Cover  the  poultice  with  some  waterproof  material — plantain 
leaves  (Banana)  will  do  and  are  generally  available. 

Various  additions  made  to  poultices  are  :  mustard,  belladonna,  opium, 
and  turpentine,  according  to  medical  directions.  For  cleaning  foul  and  sloughing 
or  gangrenous  sores,  powdered  charcoal  may  be  scattered  over  the  surface  of 
any  given  poultice.  In  every  instance  a  little  oil  should  be  smeared  on  the 
skin  before  the  poultice  is  applied  to  prevent  the  mass  sticking.  Poultices  in  the 
tropics  replace  fomentations  and  are  equally  valuable,  giving  also  less  trouble. 

Fomentations  with  plain  or  medicated  hot  water  are  often  necessary  in  an 
emergency  or  when  materials  for  a  poultice  are  not  to  hand.  Towels,  pieces 
of  lint  or  ‘  spongio-piline  ’,  etc.,  wrung  out  of  hot  water,  supply  the  material. 
The  towel  or  other  cloth  must  be  plunged  into  boiling  water,  lifted  out  with 
forceps  and  dropped  on  to  a  ‘  wringer  ’  placed  over  a  basin.  To  make  a  wringer 
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tack  two  round  sticks  into  the  folded  ends  of  a  clean,  small  towel  or  duster ; 
lay  this  over  a  basin.  When  the  fomentation  has  been  placed  on  the  4  wringer  ’ 
raise  the  sticks  and  twist  them  in  opposite  directions.  If  there  is  reason  for 
haste  the  hot  cloth  can  be  wrung  out  in  a  fairly  large  towel  without  the  sticks. 
The  cautions  given  as  to  application  of  poultices  apply  to  fomentations  which 
are,  also,  occasionally  the  vehicles  for  drugs.  Dry  heat  fomentations  are  carried 
out  with  flannel  bags,  etc.,  filled  with  sand,  hops,  bran,  or  salt  which  has  been 
heated  in  an  oven  or  over  a  fire.  Both  poultices  and  fomentations  should  be 
prepared  in  relays  so  that  they  can  be  changed  when  necessary.  Applications 
over  ulcers  or  abscesses  should  be  renewed  every  two  hours,  the  sore  being 
cleaned  before  a  fresh  application.  A  well-covered  poultice  fixed  securely  with 
belt,  binder,  or  bandage  will  keep  hot  for  three  or  four  hours. 

Massage.  The  practice  of  massage  and  its  technique  have  come  from  east 
to  west.  The  masseurs  of  China  and  Japan  are  always  blind  men  or  women 
and  their  knowledge  is  entirely  empirical  and  very  good  withal.  In  India  the 
multifarious  barber  combines  the  practice  of  massage  with  tonsorial  and  many 
other  duties  not  allied  to  medicine.  After  a  long  march  or  during  the  weakness 
which  follows  illness  the  bath  followed  by  massage  gives  a  sense  of  comfort  and 
relief.  Throughout  the  tropics  the  doctor  can  always  find  masseurs  male  and 
female  when  wanted.  They  may  require  guidance  and  supervision  but  rarety 
instruction. 

Massage  is  employed  to  stimulate  the  voluntary  muscles  when  active  exercise 
cannot  be  taken  and  during  4  Weir  Mitchell  ’  treatment.  It  is  of  value  in  con¬ 
stipation  and  can  be  applied  by  the  patient  ;  it  is  useful  in  determining  a  flow 
of  blood  to  any  given  part  of  the  body  and  is  the  best  form  of  passive  motion 
when  stiff  joints  are  under  treatment.  The  eye,  the  heart,  and  other  organs 
may  one  and  all  in  certain  conditions  receive  benefit  from  gentle  and  skilled 
massage.  The  operations  in  massage  include  methodical  shampooing,  stroking, 
and  kneading  of  the  skin  and  of  the  muscles  lying  beneath  it.  Scientific  massage 
requires  some  knowledge  of  surface  and  deep  anatomy  of  blood  vessels,  nerves,  and 
muscles.  Systematic  daily  massage,  combined  with  isolation  and  special  methods 
of  dieting  and  feeding  to  excess,  make  up  what  is  called  the  4  Weir  Mitchell 5 
treatment.  This  treatment,  when  strictly  carried  out,  often  greatly  benefits 
the  hypochondriac,  hysterical,  or  neurasthenic  patient  with  physical  weakness. 

Leeches.  The  leech  is  not  much  used  in  these  days  as  a  therapeutic  blood 
sucker,  but  the  nurse  should  know  what  to  do  if  called  upon  to  apply  leeches 
to  a  patient.  The  Indian  leech  is  smaller  than  the  medicinal  leech  ( Hirudo 
officinalis)  of  Europe  and  does  not  draw  so  much  blood,  but  both  are  furnished 
with  three  very  efficient  cutting  teeth  which  produce  a  triangular  wound  that 
bleeds  freely  after  the  leech  is  removed,  especially  if  the  wound  is  fomented. 
Indeed,  leech  bites  are  sometimes  slow  to  heal.  To  apply  a  leech  :  having  wiped 
the  skin  with  a  moist  cloth  or  sponge,  put  the  leech  into  a  small  wine  glass  or 
shallow  glass  tube,  and  turn  the  glass  down  over  the  selected  spot.  Leeches  that 
have  been  starved  bite  readily,  but  if  the  leech  is  slow  to  bite  smear  the  spot 
with  a  little  sweetened  milk  and  try  again.  If  the  first  leech  does  not  readily  bite 
try  another.  Cessation  of  movement  shows  that  the  leech  has  finished  its  meal. 
The  leech  must  never  be  pulled  off,  but,  if  it  does  not  readily  fall  away,  hold 
a  spoon  below  it  and  sprinkle  a  little  salt  on  its  body.  A  leech  bite  should  be 
at  once  covered  with  absorbent  surgical  wool,  soaked  in  Friar’s  balsam  or  flexile 
collodion,  held  firmly  with  a  pad  and  bandage  for  an  hour  or  so,  until  the  wool 
has  formed  an  artificial  scab.  The  application  and  removal  of  leeches  require 
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care  ;  if  the  leech  escapes  it  may  get  into  the  nose  or  other  passages  and  give 
rise  to  serious  trouble. 

THE  CARE  OF  CHILDREN. 

The  infant.  The  first  care  which  the  infant  receives  at  the  hands  of  the 
nurse  is  the  bath,  the  beginning  of  cleanliness.  A  large  basin  or  shallow  tin 
bath  placed  on  a  firm  support,  warm  water,  a  non-irritant  soap,  the  softest 
sponge  or  pieces  of  flannel,  old,  soft  towels  warmed  before  a  fire  or  in  the  sun, 
and  a  folded  towel  and  piece  of  mackintosh  to  protect  the  nurse’s  dress,  complete 
the  list  of  articles  required.  The  washing  should  not  occupy  more  than  five 
minutes,  and  when  soap  is  applied  to  the  face  the  eyelids  should  be  gently 
pressed  down  with  the  finger.  Lifted  carefully  out  of  the  bath,  the  infant  is 
dried  while  lying  on  the  nurse’s  knees,  either  upon  a  sheet,  or  towel  and  water¬ 
proof,  or  upon  an  old  pillow.  A  dressing  of  boracic  lint  or  antiseptic  gauze  is 
next  applied  to  the  remains  of  the  umbilical  cord,  and  until  this  has  separated 
and  the  sore  healed  the  4  dressing  ’,  renewed  after  the  morning  and  evening 
bath,  must  be  protected  by  a  binder.  The  binder  in  hot  countries  should  be 
made  from  the  thinnest  flannel  or  from  any  soft  material  composed  of  cotton 
or  silk,  and  wool ;  it  should  be  long  enough  to  go  at  least  twice  round  the  body 
and  may  be  tacked  in  place  or  secured  with  properly  guarded  safety  pins. 
In  the  tropics  where  constant  perspiration  renders  it  difficult  to  keep  the  skin 
dry,  a  little  medicated  talc  toilet-powder  sprinkled  along  the  folds  of  the  skin 
will  add  to  the  infant’s  comfort. 

As  the  urine  is  passed  frequently  and  the  bowels  are  moved  often  during 
the  early  months  of  life,  the  napkin  is  next  adjusted,  drawn  up  between  the  legs 
and  round  the  hips  to  be  fastened  with  tape  or  with  a  large  safety  pin.  Urine 
readily  irritates  the  skin  and  napkins  should  be  inspected  at  least  every  three 
hours  and  changed  at  once  if  wet.  Irritation  of  the  skin  may  be  prevented  by 
free  use  of  the  fuller’s-earth  known  as  4  cimolite  ’.  Wet  napkins  and  soiled 
clothing  must  not  be  allowed  to  remain  in  the  nursery.  At  the  time  of  the  first 
bath  the  nurse  should  examine  the  infant  for  any  faults  of  development  such 
as  imperforate  anus,  etc.  After  the  bath,  when  the  infant  is  dressed,  the  eyes, 
nostrils,  and  ears  should  be  washed  with  warm  boracic  lotion  :  20  gr.  (1-3  grm.) 
to  1  pint  (568  c.c.) 

The  clothing  of  infants  will,  of  course,  vary  in  thickness  with  climate, 
season,  and  general  conditions  of  latitude  or  altitude,  but  should  always  be 
loose,  giving  free  play  to  the  limbs  and  to  the  natural  movements  of  the  chest 
and  abdomen.  A  fine  gauze  shirt  with  long  sleeves  and  a  long  nightgown  of 
thin  flannel  form  all  the  clothing  necessary  in  hot  climates.  The  feet  require 
no  covering  at  this  early  age  as  the  infant  will  spend  most  of  the  time  in  its 
cot  protected  by  mosquito  curtains.  When  possible  the  cot  should  be  placed 
under  a  mosquito  tent  but  when  this,  or  a  screened  bedroom,  is  not  available 
the  mosquito  net  can  be  supported  by  hoops  fixed  to  the  cot.  The  net  should 
be  weighted  along  the  lower  border  and  should  reach  the  floor  all  round  the  cot. 
With  such  protection  the  cot  may  be  left  in  a  veranda,  or  outside  in  some  shady 
spot,  for  the  greater  part  of  the  day.  When  the  infant  is,  as  it  frequently  should 
be,  placed  on  the  floor  to  roll  about  and  play,  it  should  still  be  covered  with 
a  net.  When  carried  into  the  outside  air  the  hands  and  face  should  be  protected 
from  insect  bites  by  means  of  soft  gloves  and  a  veil.  During  such  airings,  con¬ 
fined  to  the  cool  hours  of  morning  and  evening,  the  nurse  must  select  shady 
paths  or  must  protect  the  infant  from  the  sun  by  means  of  an  umbrella.  The 
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above  directions  for  washing,  clothing,  air,  and  exercise  will  more  or  less  cover 
the  period  from  birth  until  the  infant  can  walk  and  is  put  into  short  clothes 
as  it  passes  to  the  stage  of  4  child  ’,  to  be  considered  later. 

Food  and  feeding.  Even  in  foreign  and  tropic  lands  the  average,  healthy 
mother  will  provide  all  the  milk  required  until  the  time  for  weaning  arrives. 
With  the  first  child  the  breasts  may  supply  little  nourishment  during  the  first 
day  but  it  will  suffice  as  the  infant  can  quite  well  go  without  food  for  even  twelve 
hours  after  birth.  With  later  confinements  the  milk  will  appear  earlier.  The 
early  milk  or  colostrum  is  followed  by  a  whiter,  richer,  and  sweeter  fluid.  If 
the  breasts  are  well  formed  and  the  nipple  drops  easily  on  to  the  infant’s  mouth 
it  will  suck  readily.  If  awake  the  infant  will  require  breast  feeding  every  three 
hours  for  the  first  fortnight.  From  that  time  the  meal  may  be  given  every  four 
hours  up  to  the  end  of  a  month  or  six  weeks.  The  intervals  should  then  be 
gradually  lengthened  and  the  infant  trained  to  go  without  more  than  two  meals 
between  8  p.m.  and  8  a.m.  This  discipline  of  feeding  is  desirable  and  good 
for  mother  and  offspring.  Regular  hours  should  be  kept  and  no  feeding  allowed 
merely  because  the  ‘  baby  cries  A  healthy  well-fed  infant  will  not  cry  without 
reason,  but  the  reason  is  not  necessarily  hunger.  In  the  tropics  such  4  crying  ’ 
is  often  due  to  thirst,  quenched  with  a  little  water  ;  it  may  be  due  to  a  soiled 
napkin,  wrinkled  clothing,  or  the  criminal  nuisance  of  pins  misused  by  a  careless 
or  ignorant  nurse.  It  may  also  be  due  to  some  defect  in  digestion,  to  be  eased 
with  a  little  lime-water.  These  are  matters  which  the  medical  attendant  must 
include  in  his  instruction  to  mothers  and  nurses.  After  each  meal  the  mother’s 
breasts,  which  should  be  used  alternately,  must  be  gently  washed  with  boracic 
lotion  ;  before  being  used  again  they  should  be  washed  with  boiled  water. 
In  a  hot  climate  drippings  from  the  nipples  may  easily  and  quickly  turn 
sour  and  subsequently  upset  the  babe.  If  the  infant  is  left  motherless,  or 
if  for  any  sufficient  reason  the  mother  cannot  suckle  the  infant,  two  courses 
are  open  :  a  wet  nurse  may  and,  if  possible,  should  be  obtained,  or  the  baby 
must  be  hand  fed.  The  choice  of  a  native  dhai  should  be  left  to  the  medical 
attendant.  In  India  he  could  apply  to  institutions  such  as  the  one  in  Agra 
where  healthy  hill  women  are  registered  and  taught  their  duties.  The  rare 
case  of  a  European  soldier’s  wife  or  other  European  woman  who  has  lost  her 
infant  should  be  kept  in  mind.  It  will  not  be  necessary  to  repeat  what  has 
been  said  concerning  milk  as  a  diet  for  invalids  (p.  247). 


Composition  of  Milk.  (Frankland,  Yeo,  Konig  and  Munk-Schultz,  and  Doremus). 


Water. 

Fats * 

Proteids.-\ 

Sugar. % 

Salts. 

Specific  Gravity. 

Human 

|  88-6- 
'  j  90-2 

3-5 

3-1 

2- 7 

3- 0 

5-0 

5-0 

o  1 !  ms- 

1033-4 

Cow  § 

.  87-5 

3-8 

4-2 

3-8 

0-7 

1028-1033  || 

Buffalo 

.  80-64 

j  7-5  ) 

|  8-4  D.  j 

4-3 

4-5 

0-8 

Ass  . 

.  92-0 

1-3 

)  1*7  ) 

\  3-4  M.S.  { 
3-67 

4-5 

0-5 

1032 

Camel 

.  86-34  D. 

2-9 

5-78 

0-66 

Mare 

.  90-71 

1-17 

2-0 

5-7 

0-37 

Sheep 

.  81-63 

5-83 

5-5 

4-86 

0-73 

Goat 

.  86-91 

4-09 

4-06 

4-45 

0-96 

1033-85 

*  Blitter  and  lipoids.  f  Mainly  caseinogen.  J  Lactose. 

§  Relative  to  the  amount  of  water,  86-3  per  cent,  cows  in  hot  climates  show  a  slightly  higher 
percentage  of  fat.  Asses’  milk  approaches  human  milk,  as  regards  water  and  sugar,  nearer 
than  any  ;  but  requires  a  little  added  cream. 

||  When  skimmed  the  sp.  gr.  rises  owing  to  removal  of  the  cream  and  =  1033-1036. 
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The  figures  in  the  above  table  refer  to  milk  in  temperate  zones,  of  the  best 
quality,  and  samples  which  are  obtainable  vary  with  season  and  food- supply. 
Pure  milk  from  a  known  source  rarely  has  a  specific  gravity  much  above  1028 
in  most  parts  of  India.  The  nurse  should  test  the  milk  when  cool,  and  in  bulk, 
with  a  lactometer,  and  any  milk  below  1026  is  deficient  and  probably  adulterated. 
After  standing  in  a  long  glass  for  an  hour  or  two  there  should  not  be  any  sediment, 
and  if  any  appears  the  milk  must  be  strained.  Black  sediment  is  often  due 
to  milk  carried  in  earthenware  pots  that  have  been  smoked.  Indian  milkmen 
consider  that  a  smoked  pot  preserves  the  milk.  The  cream  value  of  the  sample 
can  be  also  judged  approximately.  On  account  of  the  difference  in  the  proteids, 
cow’s  milk  must  be  diluted  with  water  and  extra  milk-sugar  must  be  added. 
From  birth  to  the  end  of  the  third  week,  cow’s  milk  must  be  mixed  with  an 
equal  quantity  of  warm  water  which  has  been  boiled.  The  milk  can  then  be 
sweetened  in  bulk  and  kept  in  a  closed  vessel  in  the  coldest  available  spot  : 
ice-box  or  other  refrigerating  contrivance  (p.  88).  Of  this  mixture  gently 
warmed,  not  boiled,  6  to  8  oz.  (170  to  225  c.c.)  in  the  modern  short-necked 
bottle  will  be  given,  according  to  the  directions  given  for  breast  feeding.  With 
the  fourth  week  the  amount  of  water  may  be  reduced  to  one  quarter  and  so  on, 
until  by  the  fourth  month  the  child  should  receive  pure  cow’s  milk.  If  asses’ 
milk  is  used  one-third  water  and  two-thirds  milk  should  be  the  first  proportions 
and  no  addition  of  sugar  is  necessary.  Goat’s  milk  requires  some  slight  addition 
of  water  but  no  sugar,  and  this  milk  is  very  suitable  for  bottle  feeding  in  the 
tropics.  Goats  can,  as  a  rule,  be  purchased  and  can  be  kept  clean  and  well  fed 
under  the  eye  of  nurse  or  parent  (p.  71).  Moreover,  where  cows  may  be 
infected  with  tuberculosis,  fear  of  infection  from  goats  need  not  be  considered. 
The  cow,  or  other  animal,  should  be  purchased  if  funds  permit,  in  any  case  it 
must  be  inspected  frequently  and  some  trustworthy  person  should  supervise 
the  milking  operations.  The  vessels — preferably  a  tin  that  can  be  locked — 
into  which  the  animal  is  milked,  must  be  well  scalded,  before  milking  time, 
and  when  emptied  in  the  home.  Milk  in  the  tropics  must  never  be  left  un¬ 
covered,  and  all  vessels  must  be  protected  either  by  a  lid,  a  fly-net,  or  a  wire 
gauze  cover.  Human  milk  is  neutral  or  slightly  alkaline  when  tested  with 
litmus  paper.  With  stall-fed  cows  or  with  milk  which  has  been  kept  the  reaction 
may  be  slightly  acid.  When  this  is  the  case  a  little  lime-water  may  be  added. 
The  addition  of  lime-water  also  causes  breaking  up  of  clots  formed  in  the  stomach 
and  thus  renders  the  milk  easier  of  digestion. 

Any  marked  acidity  of  course  condemns  the  milk.  Perfect  cleanliness  of 
milk  vessels  and  of  feeding  bottles  must  be  insisted  upon.  The  latter  should, 
after  use,  be  well  washed  with  hot  water  to  which  carbonate  of  soda  or  boracic 
acid  has  been  added.  When  not  in  use  the  bottle  should  be  kept  in  a  basin  of 
clean  water.  A  fresh  meal  must  not  be  added  to  any  remains  of  a  former  bottle  : 
such  remains  should  be  thrown  away.  The  importance  of  purity  of  water  used 
with  milk  has  already  been  noticed.  See  also  pages  23,  24  and  69. 

It  may  occasionally,  as  in  camps,  during  long  train  journeys,  or  while  on 
a  voyage,  be  impossible  to  get  fresh  milk  from  any  animal.  Sweetened  con¬ 
densed  milk  then  makes  a  satisfactory  temporary  substitute.  For  infants 
under  three  months  a  large  teaspoonful  of  condensed  milk  well  stirred  into 
a  teacupful  of  hot  water,  or  warm  well-strained  barley-water,  makes  a  useful 
‘  bottle  ’.  See  also  pages  91  and  92. 

Bottle-feeding,  with  cow’s  milk,  or  milk  to  which  a  small  amount  of  farina¬ 
ceous  matter  has  been  added,  often  precedes  actual  weaning  of  breast-fed 
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babies  so  that  the  change  may  be  gradual.  The  hand-fed  infant  should  receive 
milk  alone  until  it  reaches  the  age  of  six  months.  Certainly  no  farinaceous 
matter  should  be  added  to  the  diet  before  that  time.  If  milk  is  not  properly 
digested,  or  during  an  attack  of  diarrhoea,  raw  beef  juice  or  albumin  water  can 
be  used  for  a  day  or  so.  If  it  is  only  a  question  of  indigestion  meat  juice,  a  little 
beef  tea,  or  broth  may  be  substituted  for  the  milk.  After  one  or  two  days’ 
rest  and,  if  necessary,  a  drachm  (4  c.c.)  of  castor  oil,  the  infant  will  most  likely 
be  able  to  return  to  the  milk  diet. 

As  the  teeth  appear,  generally  between  the  sixth  and  seventh  month,  arrow- 
root,  cornflour,  sago,  etc.,  may  be  mixed  with  the  milk  in  some  of  the  daily 
bottles,  or  if  the  mixture  is  thicker  than  will  pass  through  the  nipple  the  infant 
can  be  fed  with  a  spoon.  Gradually  as  time  passes  and  more  teeth  come  through, 
the  diet  may  be  varied  and  extended  to  include  eggs,  soups,  custard  puddings, 
rice,  pulses  and  minced  fish,  chicken,  etc.  Milk  should,  however,  constitute, 
in  some  form,  the  bulk  of  the  diet  of  the  hand-fed  child  until  it  is  two  years  old. 

Weaning.  In  tropical  climates  it  may  be  necessary  on  account  of  mother 
or  child  to  begin  the  weaning  process  as  early  as  six  months,  adopting  methods 
of  feeding  used  for  the  hand-fed  child  at  birth  and  passing  as  quickly  as  is 
possible  to  the  diet  of  the  hand-fed  infant  at  six  months.  The  bottle  meals 
should  be  gradually  increased  until  all  breast  feeding  ceases.  If  at  first  the 
infant  objects  to  the  rubber  nipple  this  can  be  smeared  with  a  little  milk  from 
the  breast.  If  this  is  done  and  the  milk  in  the  bottle  is  properly  sweetened 
and  warmed  (99°  F.  =  37-2°  C.)  the  trouble  will  soon  be  overcome.  Sometimes 
a  little  of  the  prepared  milk,  given  with  a  spoon,  will  lead  to  the  rest  being  taken 
from  the  bottle.  As  a  rule  weaning  does  not  commence  so  early  and  it  is  with 
healthy  mothers  better  to  postpone  weaning  until  the  ninth  month.  The 
operation  should  not  be  delayed  longer  than  the  twelfth  month.  The  additions 
to  diet  will  be  gradually  made  during  weaning  as  the  breast-fed  child  passes 
to  an  entirely  extraneous  dietary. 

The  teeth.  The  first,  or  temporary  set  of  teeth,  begin  to  erupt  about  the 
sixth  or  seventh  month  and  the  earliest  to  appear  are  the  two  lower  front  teeth 
(incisors) ;  the  two  corresponding  teeth  in  the  upper  jaw  follow  during  the 
next  month,  lateral  incisors  in  the  same  jaw  follow  these  a  few  weeks  sooner 
than  the  corresponding  teeth  in  the  lower  jaw.  The  anterior  molars  in  the 
lower  jaw  come  through  between  the  twelfth  and  fourteenth  months,  those 
of  the  upper  jaw  somewhat  later.  Then  follow  the  canines,  between  the  six¬ 
teenth  month  and  the  end  of  the  second  year  and  the  milk  teeth  are  completed 
when  the  second  temporary  molars  are  cut  at  two  and  a  half  to  three  years. 
Many  children  pass  through  the  4  teething  ’  period  without  much  trouble, 
especially  if  they  are  allowed  to  chew  a  clean  ivory  or  india-rubber  ring  which 
should  be  fastened  to  tape  or  ribbon  and  passed  round  the  neck.  Dribbling  of 
saliva  frequently  accompanies  the  cutting  of  the  teeth  and  a  suitable  bib  will 
be  required.  It  is,  however,  noticeable  that  when  the  neck  is  in  a  free  and 
comfortable  position,  and  the  cleanliness  of  the  nose  attended  to,  the  excess 
of  saliva  caused  by  chewing  is  swallowed  and  there  is  not  much  dribbling. 
Sometimes  the  gums  are  swollen  and  hot  and  teething  is  painful.  Relief  may 
be  given  by  gently  rubbing  the  gums  with  a  finger  dipped  in  hot  water.  When 
there  is  much  pain,  as  shown  by  crying  and  restlessness,  the  inflamed  portion  of 
the  gum  should  be  lanced.  The  diet  requires  careful  supervision  during  this  period 
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In  the  former  case  half  a  drachm  (2  c.c.)  of  castor  oil  may  be  given  by  the  nurse  ; 
in  the  latter  condition  the  diet  should  be  reduced  to  boiled  milk  thickened,  more 
or  less,  and  flavoured  with  salt  instead  of  sugar.  The  matter  should  be  reported 
to  the  doctor  who  will  provide  salol  (dose  2  to  3  gr.  (012  to  0-2  grm.)  every  four 
hours)  or  other  suitable  drug.  The  child  should  be  kept  in  bed  with  clothing 
suitable  to  country  and  season.  It  is  during  such  periods  of  ill-health  in  children 
over  six  months  that  signs  of  rickets  may  appear,  especially  when  the  diet 
is  contaminated  and  includes  poor  milk  and  excess  of  farinaceous  matter. 
Rickets  is  much  less  common  among  European  children  in  tropical  and  sub¬ 
tropical  countries  than  in  England.  The  disease  is  quite  unknown  in  Japan, 
and  extremely  rare  among  children  native  in  such  regions.  Rashes  and  pimples 
during  teething  require  cleanliness  and  vaseline  (see  ‘  Skin  Diseases  ’,  Vol.  hi). 

Between  the  time  of  weaning  and  the  end  of  the  second  year  the  child  should 
be  vaccinated ;  the  earlier  the  better. 

At  the  end  of  the  second  year  of  life  the  child  is  beginning  to  walk  and 
speak.  The  child  should  not  be  incited  to  walk,  as  is  sometimes  done,  by  hold¬ 
ing  it  up.  If  permitted  to  crawl  about  on  a  suitably  railed-in  space  or  where  it 
can  reach  a  firm  chair  or  other  support  the  child  will  sooner  or  later  begin  to 
pull  its  body  into  the  erect  position.  Such  exercise  is  good  for  the  legs,  and 
when  the  child  finds  that  it  can  stand  firmly  and  falls  become  less  numerous 
it  will  soon  walk.  Then  assistance  will  be  welcome  and  useful.  The  long 
clothing  and  the  napkin  will  in  most  cases  be  gradually  dispensed  with  and 
a  suitable  small  bathroom  commode  should  be  used  for  training  in  regular  habits 
as  to  the  evacuation  of  faeces  and  urine.  A  child  should  pass  urine  before  going 
to  bed  for  the  night  and  the  final  meal  should  not  be  too  fluid.  A  little  trouble 
devoted  to  such  training  gives  good  results  even  with  children  between  two  and 
a  half  to  three  months  old  ;  and  is,  like  all  discipline  instilled  with  sympathetic 
patience  and  understanding,  of  great  value. 

Many  a  child  is  scolded  and  treated  medically  for  enuresis  which  is  due  either 
to  lack  of  proper  training  or  to  some  physical  difficulty  such  as  a  tight  prepuce 
or  the  irritation  due  to  worms  or  to  smegma  and  dirt  under  the  preputial  skin. 

Clothing.  For  clothing,  when  the  child  begins  to  walk,  nothing  is  better  for 
boys  than  a  loose  shirt,  breeches,  drill  gaiters,  and  boots  of  soft  leather  with 
square  toes  (p.  16).  Bare  limbs  in  the  tropics  are  exposed  to  bites  of  malaria¬ 
carrying  mosquitoes,  etc.  (p.  33)  ;  or  injury  from  thorns,  snakes,  or  scorpions. 
If  any  proof  of,  at  least  the  first  part,  of  this  sentence  is  needed  the  ‘  spleen 
index  5  of  native  children  provides  it.  For  girls,  thin  knickerbocker  under¬ 
clothing  covered  by  a  loose  frock  and  similar  gaiters  and  boots  will  be  best. 
The  material  will,  of  course,  be  selected  as  suitable  for  season  and  temperature. 
The  necessity  for  warm  clothing  at  high  altitudes  and  with  daily  variations  of 
temperature  even  in  the  plains  has  more  than  once  been  noticed  in  this  chapter. 
Example  and  kindly  instruction  will  teach  a  young  child  the  use  of  a  tooth¬ 
brush.  A  little  soap  on  the  brush  and  clean  water  as  a  mouth  wash  can  be  used 
by  a  child  of  three.  Although  the  first  set  of  teeth  is  temporary,  no  others 
will  appear  before  the  sixth  year  and  it  is,  therefore,  very  necessary  that  these 
teeth  be  kept  clean  and  free  from  decay  until  the  time  when  they  will,  in  rotation, 
be  pushed  out  by  the  permanent  teeth. 

The  best  covering  for  the  head  is  a  well-fitting,  ventilated  sun  hat  made 
of  cork  or  4  sola  ’  pith.  The  effects  of  heat  are  recorded  in  chap.  88.  The 
abdominal  belt  so  often  included  in  the  outfit  for  life  in  the  tropics  is  quite 
unnecessary  and  in  a  damp  and  high  temperature  provokes  ‘  prickly  heat  \ 
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When  children  after  play  or  after  exercise  are  wet  with  perspiration  a  bath  and 
change  of  clothing  are  desirable. 

As  with  adults,  so  in  regard  to  the  nursing  of  infants  and  children  when 
suffering  from  any  disease,  student  and  practitioner  must  consult  the  different 
chapters  for  further  details  which  must  or  may  be  delegated  to  the  trained  nurse 
or  temporary  assistant. 

The  medical  attendant  will,  of  course,  examine  the  infant  for  physical  defects 
and  for  congenital  infections  appearing  during  the  early  months  of  life,  and 
when  there  is  reason  to  fear  the  development  of  congenital  disease  the  nurse 
should  be  instructed  to  watch  for  skin  eruptions  :  blebs,  pustules,  or  patches 
of  eczema.  Diarrhoea  should,  as  already  mentioned,  be  reported,  especially 
if  accompanied  by  straining  or  crying  (intussusception) ;  or  with  indigestion 
and  steady  loss  of  weight  :  abdominal  tubercle  in  hand-fed  infants  (see  Tuber¬ 
culosis  in  the  Tropics,  chap.  52).  The  anterior  fontanelle  should  be  closed  before 
the  third  year  and  delay,  together  with  tenderness  at  the  back  of  the  skull,  points 
to  disease.  In  improperly  fed  infants  signs  of  rickets  may  appear  about  the 
sixth  month.  In  older  children  snuffling,  mouth-breathing,  and  disturbed 
sleep  suggest  adenoids,  while  attacks  of  croup  and  4  night-terrors  ’  should  lead 
to  examination  of  the  tonsils.  The  diseases  of  infants  and  young  children 
are  often  obscure  and  difficult  to  diagnose.  Nurses  and  parents  should  be 
warned  not  to  attempt  domestic  remedies. 

Medical  examinations.  Before  attempting  to  examine  a  young  child,  the 
medical  attendant  must  first  make  a  friend  of  his  patient  and  gain  his  or  her 
confidence.  Nothing  of  value  can  be  learned  from  a  crying  or  frightened  child. 
After  the  nurse  and  parent  have  been  questioned  and  pleasant  relations  have 
been  established  between  doctor  and  patient,  pulse  and  respiration  can  be 
counted  as  part  of  a  game.  Taking  the  temperature  has  already  been  described. 
Tongue  and  gums  may  be  examined  if  a  finger  dipped  in  honey  is  first  offered 
to  the  infant  or  unwilling  child  of  two  years  or  under.  Children  over  two  years 
will  generally  open  the  mouth  when  shown  what  is  wanted.  If  the  throat  is 
to  be  examined  the  operation  should  be  carried  out  slowly  and  gently  and  with 
persuasion.  A  binaural  stethoscope  becomes  first  a  toy  in  the  hands  of  a  skilful 
examiner  and  when  auscultation  is  accomplished  percussion  will  be  accepted. 
If  the  child  is  old  enough  examination  of  the  throat  may  be  made  easier  if  it 
sings  4  ah  !  ah  !  5  etc.,  in  imitation  of  the  examiner. 

Weight  and  the  progressive  relations  between  weight  and  height  form  good 
guides  to  the  health  of  infant  and  growing  child.  A  European  infant  may  weigh 
from  6  to  8  lb.  at  birth  (3250  0  grm.  (Ostwald))  and  will  measure  about  18  inches 
in  length.  At  the  end  of  twelve  months  the  weight  should  not  fall  much  short 
of  21  lb.  (9920  0  grm.  (Ostwald)).  From  five  years  of  age,  when  a  boy  should 
weigh  41  \  lb.  (18500  0  grm.  (Ostwald))  and  measure  40|  inches — (the  weight 
of  a  girl  child  and  of  both  sexes  among  indigenous  tropical  races  will  be  below 
this  figure) — to  ten  years  the  normal  annual  increase  for  English  speaking  races 
is  :  weight  4  to  6  lb.,  height  1 J  to  2J  inches.  Nurses  and  parents  should  be 
advised  to  keep  monthly  records  of  weight.  The  figures  given  are  for  temperate 
zones  and  will  not  be  actually  reached  by  children  born  and  brought  up  in 
tropical  lands,  unless  their  life  is  spent  in  hill  stations.  These  range  between 
5,000  and  8,000  feet  and  the  climatic  conditions  approach  those  of  a  warm 
temperate  zone.  European  children  should  be  sent  to  England  when  six 
years  of  age.  If  this  is  not  possible  a  home  in  the  hills  with  facilities  for  education 
is  desirable,  (p.  10.) 


NURSING 


265 


Strict  adherence  to  the  principles  laid  down  in  preceding  pages  and  to  the 
spirit  of  the  instruction  will  keep  infant  and  child  in  good  health  in  spite  of  the 
special  difficulties  which  surround  life  in  tropical  and  only  partially  civilized 
regions  of  the  globe.  Although  certain  diseases  outside  the  range  of  this  book 
will  be  mentioned  later,  this  section  is  not  concerned  with  symptoms  and 
treatment.  Even  the  least  observant  person  in  charge  of  young  children  cannot 
fail  to  notice  the  marked  difference  between  good  health  and  the  beginnings  of 
illness  :  the  bright  eyes,  moist  skin  and  lips  of  the  normal  infant,  with  good 
appetite,  generally  in  motion,  and,  with  or  without  distinct  speech,  cheerfully 
vocal  as  contrasted  with  :  the  dull  eyes,  lost  appetite,  dry,  hot  skin  and  lips  of 
the  unhealthy  babe,  unnaturally  quiet  and  sleepy.  With  children  over  five 
years  of  age  there  may  be  some  excuse  for  4  domestic  medicine  ’  as  a  first  aid, 
but  when  such  conditions  appear  in  a  child  under  that  age,  the  doctor  should 
be  sent  for. 

Table  of  Food-stuffs  (after  Halliburton  and  G.  D.  Stewart) 


Grammes. 


Food-stuff. 

Quantity. 

Carbo¬ 

Metric. 

English. 

N. 

C. 

Proteids. 

Fats. 

hydrates. 

Salts. 

Lean  meat  . 

250  grm. 

9  oz. 

8 

33 

55 

8-5 

0 

4 

Bread 

500  „ 

18  „ 

6 

112 

40 

7-5 

245 

6-5 

Milk 

500  „ 

15  „ 

3 

35 

20 

20 

25 

3-5 

Butter 

30  „ 

1  „ 

0 

20 

0 

27 

0 

0-5 

Fat  with  meat 

30  „ 

1  „ 

0 

22 

0 

30 

0 

0 

Potatoes 

450  „ 

1G  „ 

1-5 

47 

10 

0 

95 

4-5 

Oatmeal 

75  „ 

3  „ 

1*7 

30 

10 

4 

48 

2 

20-2 

299 

135 

97 

413 

21 

From  these  figures  any  fixed  scale  of  diet  for  health  can  be  calculated  roughly. 


For  Hindus  and  other  Vegetarians 


Cereals 
and  Pulse. 

Wheat. 

Barley. 

Oats. 

Bice. 

Lentils. 

Peas. 

Potatoes. 

While 

Bread. 

Water  . 

.  13-6 

13*8 

12*4 

131 

12-5 

14-8 

76-0 

32-0-35-0 

Proteid 

12-4 

11-1 

10*4 

7-9 

24-8 

23*7 

20 

7-0-10-0 

Fat 

1-4 

2-2 

5*2 

0-9 

1*9 

1-6 

0-2 

1-0 

Starch 

.  67-9 

64-9 

57-8 

76-5 

54-8 

49-3 

20-6 

j  55-0 

2-0 

Cellulose 

2-5 

5-3 

11-2 

0-6 

3-6 

7-5 

0-7 

Salts  . 

1-8 

2-7 

3-0 

1-0 

2-4 

31 

10 

SPECIAL  DISEASES. 

Tuberculosis.  The  chief  danger  lies  in  infection  from  sputum  in  bulk  or  as 
droplets  coughed  up  by  phthisical  persons.  No  one  should  sleep  in  the  same 
bed  or  even  in  the  same  room  as  the  sufferer.  For  the  house  a  sputum  cup 
should  be  ready,  and  when  going  about  outside  paper  handkerchiefs  should  be 
employed,  the  latter  are  cheap  and  serviceable  and  can  be  burned.  If  no  fire  is 
handy  a  match  will  serve.  When  travelling  a  small  respirator  is  useful.  Life 
should  be  spent  as  far  as  possible  in  the  open  air  and  the  bedroom  must  be  well 
ventilated.  If  the  sufferer  can  choose  his  climate  dry  heat  is  preferable  to  a 
damp,  hot  atmosphere.  In  tropical  regions  where  variation  of  the  temperature 
of  day  and  night  is  often  considerable  due  attention  must  be  paid  to  suitable 
clothing.  Where  exercise  or  occupation  provoke  extreme  perspiration  4  chill  ‘ 
is  ahvays  possible.  This  fact  is  difficult  to  impress  on  Hindus,  who  strip  to 
eat.  The  rich  may  get  over  this  by  wearing  a  garment  of  pure  wool,  which  is 
permitted.  Such  a  garment  is  out  of  reach  for  the  majority  of  the  poor. 
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Work  and  exercise  are  valuable  but  fatigue  is  to  be  avoided,  and  violent 
work  or  exercise  may  cause  auto-inoculation.  This,  if  under  control,  may  do 
little  harm,  it  may  possibly  be  beneficial  ;  but  in  most  cases  it  causes  a  febrile 
relapse.  Where  it  is  possible  the  phthisical  patient  should  possess  a  clinical 
thermometer  and  learn  to  take  his  temperature.  Here  again,  poverty  comes 
in,  but  poor  patients  might  be  advised  to  appeal  for  assistance  at  the  nearest 
hospital  or  village  dispensary.  Printed  slips  containing  rules  for  personal 
hygiene  are  unfortunately  not  so  useful  as  they  should  be  since  the  inhabitants 
of  the  Eastern  tropics  are  mostly  illiterate.  For  those  able  to  read  Urdu  a  little 
book,  costing  8  annas,  is  available  (Crowe  and  Sprawson). 

Cough,  blood.  One  of  the  troubles  that  phthisis  often  brings  is  a  trouble¬ 
some  cough  which  if  violent  is  exhausting  in  itself  and  may  bring  on  haemorrhage. 
If  the  sputum  is  ever  streaked  with  blood  the  patient  must  lie  down  at  once. 
If  ice  is  available  small  pieces  should  be  sucked,  and  this  with  rest  may  suffice 
to  check  slight  haemorrhage.  For  severe  bleeding  a  mixture  containing  ergot, 
opium,  and  sulphuric  acid  is  often  useful. 

Liq.  extract  of  ergot  3j 

Tincture  of  opium  tT|xv 

Dilute  sulphuric  acid  Tf)xxv 

Water  to  3J 

every  six  hours. 

For  the  cough  itself,  when  persistent,  or  when  preventing  sleep  the  following 
may  give  relief : 


Dilute  sulphuric  acid 

Ifiv 

Compound  tincture  of  camphor 

6]  xv 

Syrup  of  squills 

Tfiv 

Syrup  of  lemon 

Ifix 

Water  to 

3j 

5j  every  four  hours  if  necessary. 

At  night  30  gr.  of  bromide  of  potassium  may  be  added  and  the  draught 
given  twice,  if  necessary,  with  an  interval  of  four  hours  between  the  two  doses. 

Dysenteries.  The  acute  infections,  their  causes  and  treatment  are  dealt  with 
elsewhere  (Vol.  II),  but  many  relapses,  and  the  disease  in  its  chronic  state,  are  due 
to  a  too  rapid  return  to  ordinary  diet.  This  is  especially  likely  to  occur  where 
the  primary  attack  has  been  mild  and  brief.  The  ulcerated  surface  is  hidden 
from  view  and  if  the  ‘  stools  5  appear  normal  the  patient  is  apt  to  conclude 
that  all  is  well.  The  sufferers  must  be  taught  that  the  ulcerated  surface  requires 
rest  and  that  the  only  way  to  obtain  it  is  to  control  the  diet  for  some  weeks 
after  the  acute  stage  is  apparently  over.  Here  too  it  is  also  necessary  to  avoid 
fatigue  and  ‘  chill  \  The  intestines  in  the  tropics  are  very  sensitive  to  variation 
of  temperature  and  it  is  unwise  to  send  a  person  recovering  from  disease  of  the 
digestive  canal  to  a  hill  station  immediately  after  the  illness.  The  difficulty 
of  obtaining  suitable  diet  suggests  the  same  delay  before  taking  a  sea  voyage. 
A  good  rule,  which  may  occasionally  be  a  counsel  of  perfection,  is  to  maintain 
the  invalid  diet  with  only  gentle  exercise  until  the  excreta  have  been  normal 
for  a  month.  Alcohol  should  be  avoided  for  at  least  six  months. 

Smallpox,  chicken-pox.  In  addition  to  instructions  given  elsewhere  the 
following  points  may  be  of  some  value  : 

Besides  the  applications  noted  in  chap.  101,  carbolized  vaselin  has  been 
found  useful  in  treating  the  eruption  and  especially  during  the  later  stages. 
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When  the  skin  eruption  is  drying  up  all  parts  of  the  body  should  be  smeared 
daily  with  oil  or  medicated  vaselin.  Soap  and  warm  water  applied  with  old  rags, 
which  can  be  burned,  will  remove  the  softened  scabs  and  skin.  All  garments 
worn  next  to  the  skin  of  the  patient  should  be  burned.  Other  ‘  linen  ’  and 
clothing  can  be  disinfected  by  heat.  Red  masks  and  night-shirts  have  been 
recommended  on  the  ground  that  the  pock  pustules  are  less  severe  if  protected 
from  blue  and  actinic  rays. 

MATTERS  OF  SPECIAL  IMPORTANCE  IN  THE  MANAGEMENT  OF  INFEC¬ 
TIOUS  DISEASES. 

Although  as  a  general  rule  the  victim  of  infection  passes  through  an  acute 
attack  and  convalescence  to  normal  health  the  infecting  organism  may  still 
remain  in  the  body  for  varying  periods.  The  infection  has  been  conquered 
and  is  under  control  but  is  not  expelled.  The  patient  at  such  a  time  is,  there¬ 
fore,  a  carrier  and  requires  attention  on  that  account.  He  is  a  possible  focus 
of  general  infection  and  may  be  liable  to  relapse.  The  healthy  carrier,  that 
is,  a  person  in  good  condition  able  to  tolerate  the  presence  of  a  pathological 
microbe,  is  equally  dangerous  but  difficult  to  detect  (chap.  42). 

In  tuberculosis,  syphilis,  and  malaria  the  causative  organism  does  not 
disappear  when  the  acute  stage  is  over,  and  subacute  and  chronic  states  require 
vigilance  and  care.  In  other  diseases,  such  as  dysentery,  whatever  the  original 
infection  the  tissues  are  still  weak  and  require  rest  and  careful  diet.  The  same 
caution  applies  indeed  to  any  condition  of  ulceration  in  any  part  of  the  ali¬ 
mentary  tract.  But  when  the  visits  of  the  doctor  cease  it  becomes  incumbent 
on  the  nurse  or  the  patient  himself  to  carry  out  such  simple  rules  of  hygiene 
as  will  carry  the  convalescent  stage  onward  to  that  of  normal  health. 

RACIAL  CUSTOMS  AND  THE  INFLUENCE  OF  ‘  CASTE 

In  a  previous  section  dealing  with  diets  during  illness  something  has  already 
been  said  as  to  the  influence  of  religion  and  ‘  caste  5  rules  in  controlling  the 
dietary  of  certain  people  dwelling  in  tropical  lands.  To  the  Hindu  and  Moham¬ 
medan  the  Jews  may  be  added  as  a  race  whose  diet  is  controlled  by  the  Mosaic 
law  (see  Leviticus,  ii ;  and  Deuteronomy,  xiv).  Law  for  these  peoples  governs 
not  only  the  kind  of  food  that  may  be  eaten,  but  also  the  method  by  which 
creatures  used  as  sustenance  must  be  killed.  These  laws  also  make  it  necessary 
to  have  separate  cooks  and  water-carriers  on  the  staff  of  Indian  hospitals. 

Religions  and  ‘  caste  5  laws  also  affect  both  nurse  and  doctor  in  their 
relations  with  female  patients.  Hindu  women  are  kept  strictly  secluded,  and 
even  when  abroad  they  must  cover  their  faces.  Wherever  the  religion  of  Islam 
is  found  there  also  the  women  are  kept  in  confinement.  Thus  it  is  extremely 
difficult  for  a  male  practitioner  to  diagnose  and  treat  a  female  patient  whom 
he  may  not  see  and  cannot  examine.  When  a  woman  doctor  is  available  she 
should  be  called  in  to  make  a  diagnosis  and  to  see  that  the  treatment  is  carried 
out.  When  a  female  patient  cannot  thus  be  handed  over  to  one  of  her  own  sex 
an  intelligent  nurse  can  be  of  the  greatest  assistance.  Indeed  a  European 
medical  man  practising  in  the  tropics  cannot  conscientiously  undertake  the 
care  of  a  Hindu  or  Mohammedan  lady  without  such  help.  For  the  poorer  classes 
hospitals  for  4  purdah  5  women  have  been  provided  in  India,  but  many  more 
are  urgently  needed.  Intelligent  medical  aid  during  child-birth,  and  after, 
would  save  the  lives  of  many  mothers  and  children  among  the  native  races  of 
Africa  and  in  the  East.  The  small  number  of  indigenous  mid  wives  trained  in 
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Western  methods  is  confined  to  large  towns  and  the  few  English  nurse-mid  wives 
going  to  the  tropics  are  attached  to  special  hospitals  or,  if  in  private  practice, 
only  the  well-to-do  can  avail  themselves  of  their  services.  Every  effort  should, 
therefore,  be  made  to  teach  the  native  midwives  the  elementary  principles  of 
midwifery  of  which  cleanliness  and  help,  without  interference,  are  the  most 
important  during  labour.  Reform  too  is  necessary  in  the  insanitary  routine 
which  surrounds  the  woman  of  India,  etc.,  after  parturition  has  occurred. 
Looked  upon  as  unclean,  she  is  confined  in  a  hot  and  dirty  room  under  conditions 
which  defy  all  laws  of  hygiene.  Both  Hindus  and  Mohammedans  are  forbidden 
to  take  alcohol ;  but  few  keep  this  ordinance  and  as  medicine  (tinctures,  brandy, 
etc.)  it  is  taken  without  protest  or  objection.  Suggestion  and  auto-suggestion 
are  of  great  value  in  therapeutics  among  the  races  dwelling  in  tropical  countries. 
Indigenous  treatment  of  diseases  is  mainly  dependant  on  appeals  to  special 
gods  and  the  use  of  charms.  When  drugs  are  used  they  may  fail  if  given  without 
the  proper  incantations  or  at  an  inauspicious  time — day  or  hour.  Even  the 
colour  of  the  medicine  is  not  without  influence,  and  necessary  treatment  has 
been  neglected  because  patient  or  friends  did  not  like  the  appearance  of  the 
dose.  Where  such  is  the  mental  attitude  and  outlook  the  value  of  tact  and 
suggestion  as  aids  to  treatment  is  obvious. 

THE  CARE  OF  LINEN,  BLANKETS  AND  OTHER  HOSPITAL  STORES. 

The  duties  of  nurses  and  other  hospital  servants  include  sanitation  of  the 
buildings  and  preservation  of  furniture  and  other  stores.  Whether  the  stock 
be  small  as  in  a  private  house  or  large  as  in  a  hospital  it  is,  in  the  tropics,  exposed 
to  certain  special  risks.  Destructive  insects  are  more  numerous,  and  some  of 
these  are  mainly  confined  to  tropical  regions.  Extreme  variations  in  climatic 
conditions,  especially  in  regard  to  heat  and  moisture,  affect  linen,  wool,  leather, 
metal,  and  timber  in  ways  which  are  less  evident  in  temperate  and  cold  zones. 
These  same  variations  also  encourage  the  growth  of  fungi  and  moulds  which 
may  cause  damage  to  household  and  hospital  property. 

It  is  essential  that  all  store-rooms  should  be  built  of  sound  material,  with 
good  ventilation,  and  with  screened  windows  and  doors  (see  chap.  4). 
In  regions  where  termites  occur  it  is  wise  to  avoid  using  shelves  attached  to 
the  Avails  of  the  store-rooms.  Reserve  stocks  are  safer  in  tin  boxes  or  tin-lined 
wardrobes  standing  away  from  the  walls  and  raised  from  the  ground  upon 
small  stone  pedestals.  These  pedestals  should  be  deeply  grooved  on  the  upper 
surface,  the  groove  surrounding  a  central  block  upon  which  the  feet  of  the 
Avardrobe  can  rest.  If  these  grooves  are  filled  Avith  oil  they  form  satisfactory 
traps  for  ants  and  other  crawling  insects.  The  Avire  screens  protecting  doors 
and  Avindows  should  keep  out  moths  and  other  flying  insects  ;  but  as  a  further 
precaution  naphthaline  balls  may  be  freely  scattered  among  blankets,  sheets, 
sleeping  suits,  etc.  All  keyholes  should  be  provided  Avith  sliding  metal  shields. 
For  the  greater  part  of  the  year  the  weather  in  the  tropics  is  hot  and  fairly  dry. 
Even  near  the  sea  coast  free  exposure  of  linen,  etc.,  to  the  sun  will  suffice  to 
counteract  the  extra  humidity.  In  nearly  every  section  of  the  tropical  belt 
there  is  a  ‘  season  of  rains  ’,  Avith  occasionally  a  torrential  doAvnfall,  lasting  for 
about  three  months.  During  this  period  everything  is  damp  and  any  neglected 
articles  become  covered  with  ‘  mould  5  in  a  feAv  hours.  Artificial  heat  is  then 
necessary.  Boots,  if  left  on  the  ground,  are  at  all  times  exposed  to  injury  by 
insects  and  vermin  (see  chap.  9).  They  should  be  placed  on  racks  supported 
on  stone  pedestals  or  hung  on  racks  fastened  to  the  Avail.  These  latter  are  faced 
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with  a  sheet  of  metal  with  teeth  cut  in  the  upper  edge.  Boots  and  slippers  can 
be  hung  upon  these  teeth  by  the  heels.  Excessive  dry  heat  is  bad  for  leather, 
and  all  leather  goods  should  be  protected  from  the  direct  rays  of  the  tropical  sun. 
During  the  rains  a  drying-room  must  be  provided  for  bedclothes  and  other 
articles  in  constant  and  general  use.  Mattresses  must  be  turned  daily  and  if 
possible  exposed  to  the  sun.  In  damp  weather  a  mattress  resting  on  an  iron  bed¬ 
stead  soon  becomes  covered  with  rust  marks.  These  marks  of  4  iron-mould  5  are 
not  only  unsightly  but  injurious  to  the  material.  If  possible  the  mattress  should 
always  be  separated  from  the  bedstead  by  a  cover  of  felt  or  by  a  cheap  blanket. 

The  preservation  of  hospital  sheets,  blankets,  and  clothing  includes  super¬ 
vision  when  sent  to  the  laundry.  A  large  hospital  will  do  its  own  4  washing  ’ 
with  appropriate  laundry  appliances  and  intelligent  control.  Private  individuals 
should,  if  possible,  insist  on  the  attendance  of  the  washerman  instead  of  allowing 
him  to  take  clothing  away.  Apart  from  insufficient  cleansing  in  dirty  water 
of  tanks  or  streams,  there  is  a  possibility  of  spreading  or  incurring  various 
infections,  including  the  danger  of  contracting  skin  diseases  due  to  fungi 
(see  Section  XVI).  Material  used  for  bandages  and  the  various  fabrics  which 
come  under  the  heading  4  dressings  ’  are  best  preserved  in  large  air-tight  tins 
in  which  they  can  be  sterilized  and  conveyed  to  the  bedside  when  required. 
Splints  and  surgical  instruments  also  require  special  attention  in  the  tropics. 

Wooden  splints  imported  from  England  are  liable  to  warp  and  crack  in 
the  tropics.  This  can  partly  be  prevented  by  treating  the  splints  with  vaselin 
to  which  cresol  or  eugenol  has  been  added.  Metal  splints  are  more  economical, 
as  they  can  be  cleaned  and  sterilized  by  boiling.  Soda,  which  is  often  added 
to  water  employed  for  sterilization,  must  not  be  used  for  apparatus  or  instru¬ 
ments  composed  of  aluminium  ;  nor  should  instruments  be  left  in  solutions 
containing  mercury  or  acids.  Instruments  are  generally  kept  in  air-tight 
cupboards  with  glass  shelves.  They  may  be  injured  by  rust  due  to  excess 
of  moisture  in  the  atmosphere  or  due  to  insufficient  drying  after  cleaning  and 
sterilization.  In  regions  where  the  atmosphere  is  hot  and  moist,  shallow, 
wide-mouthed  glass  bottles  containing  quick-lime,  or  chloride  of  calcium, 
should  be  placed  in  the  instrument  cupboards.  These  substances  absorb  the 
excess  moisture  and  thus  prevent  rust. 

Articles  made  of  india-rubber  soon  perish  in  the  tropics  if  exposed.  When 
possible  reserve  stocks  of  rubber  gloves,  syringes,  and  catheters  should  be  placed 
in  cold-storage.  Gloves  in  use  can  be  sterilized  in  hot  lysol  solution.  They  must 
then  be  carefully  dried  with  sterile  towels.  When  the  outside  is  dry  the  gloves 
must  be  turned  inside  out  and  again  dried.  When  free  from  all  moisture  they 
should  be  covered  inside  and  out  with  medicated  talc  powder  and  stored  in  a  tin 
box  in  the  coolest  available  spot.  The  easiest  way  to  put  on  rubber  gloves  is  to  fill 
them  with  sterile  water  or  antiseptic  solution  and  insert  the  hand  while  the  glove 
is  in  the  bowl.  After  use  the  gloves  must  be  rolled  off  in  water — not  pulled  off. 

EMERGENCY  TREATMENT  FOR  POISONS 

(not  included  in  chap.  38). 

Sulphuric  acid  (oil  of  vitriol).  Nitric  acid.  Hydrochloric  acid.  Oxalic 
acid:  Avoid  emetics  or  the  stomach  pump  ;  give  magnesia  |  oz.  (14  grm.) 
to  1  oz.  (28  grm.)  in  water  ;  chalk  or  whitewash  scraped  off  walls  or 
ceiling ;  washing  soda  or  bicarbonate  of  soda  in  milk  or  water. 

Caustic  soda  or  potash,  soap  lees,  ammonia  :  Avoid  emetics  and  stomach 
pump.  Give  vinegar  and  water,  lemon  juice,  oil. 
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Carbolic  acid:  No  emetic.  If  the  patient  cannot  swallow,  pass  a  soft  rubber 
tube  by  way  of  the  nose  into  the  stomach,  and  by  siphon  action  wash  it  out 
with  a  solution  of  sulphate  of  magnesia  or  sulphate  of  soda  (J  oz.  (14  grm.) 
to  a  pint  (568  c.c.)  of  water).  Then  pass  in  milk  or  oil.  If  the  patient  can 
swallow  give  oil,  milk,  white  of  egg.  Hypodermic  injection  of  strychnin 
for  failing  heart  ;  artificial  respiration  and  hot  saline  solution  per  rectum. 

Tartar  emetic  (antimony)  :  The  poison  generally  produces  vomiting  which  can 
be  increased  by  giving  warm  water.  Give  magnesia,  kino,  catechu,  or  tannin. 

Baryta  and  its  salts  (X-ray  work):  Emetics  and  sulphate  of  magnesia  in 
solution. 

Copper  and  its  salts  ;  Mercury  salts  :  Flour  and  water ;  milk ;  white  of  egg. 

Silver  salts  :  Common  salt  and  plenty  of  water. 

Arsenic  :  Emetics  and  stomach  pump,  oil,  milk,  dialysed  iron  in  large  amount 
(or  rust  scraped  from  iron).  Fresh  ferric  hydrate  prepared  by  adding 
Tinct.  Ferri  Perchlor.  2  oz.  (56-7  grm.)  to  4  oz.  (115  c.c.)  water  and  pouring 
this  into  :  carbonate  of  soda  (washing  soda)  \  oz.  (15  grm.)  dissolved  in 
4  oz.  (115-0  c.c.)  of  water.  Repeat  the  dose  as  necessary. 

Prussic  acid  (hydrocyanic  acid);  Potassium  cyanide:  Acts  as  a  rule  so 
rapidly  that  little  can  be  done.  Cold  douches,  oxygen,  plenty  of  air, 
artificial  respiration,  smelling  salts  to  nose. 

Phosphorus  (rat  poisons  ;  matches):  Stomach  tube,  warm  water  or  emetic 
of  20  gr.  (1-3  grm.)  of  sulphate  of  zinc  in  water  ;  3  gr.  (0-2  grm.)  of  sulphate 
of  copper,  every  fifteen  minutes ;  some  will  be  vomited,  but  some  may 
form  an  insoluble  phosphide  of  copper.  Sulphate  of  magnesia  later,  as 
a  purgative.  Avoid  oils  and  fats. 

Alcohol  (acute  poisoning):  Stomach  tube  and  emetics,  or  if  patient  is 
delirious  and  struggles,  apomorphin  gr.  (0-0065  grm.)  hypodermically. 
Cold  douches,  electric  battery ;  hot  coffee.  Warmth  to  extremities ; 
artificial  respiration. 

Chloroform,  chloral:  Invert  patient;  artificial  respiration,  oxygen.  Warmth, 
friction,  hot  coffee ;  hot  saline  and  brandy  per  rectum.  Hypodermic 
injection  sulphate  of  strychnin,  gr.  to  ^  (0-001  to  0-002  grm.).  Free 
bleeding  has  been  recommended  when  other  methods  have  failed.  Stomach 
tube  washing  and  emetics  for  chloral. 

Cocaine  :  Stomach  tube ;  brandy,  ammonia,  coffee,  artificial  respiration ; 
sulphate  (or  other  salts)  of  morphia  J  gr.  (0-016  grm.),  hypodermically. 

Digitalis  :  Stomach  tube;  apomorphin  T*g-  gr.  (0-006  grm.)  or  other  emetic; 
stimulants  and  warmth  ;  recumbent  position  ;  10  gr.  (0-6  grm.)  tannin 
in  water  repeatedly. 

Opium  (all  alkaloids  of),  Chlorodyne,  Dover’s  powder,  4  Nepenthe  ’, 
Battley’s  solution,  Paregoric  :  Wash  out  stomach ;  emetics ;  per¬ 
manganate  of  potash;  atropin  sulphate,  hypodermically  ^  gr.  (0-002  grm.) 
which  may  be  repeated  as  necessary.  Cold  douche  to  head  ;  oxygen  and 
artificial  respiration. 

Poisonous  gases,  such  as  may  be  encountered  in  wells,  drains,  old  tan-pits 
or  coal  mines  : 

C02.  CO.  Sulphuretted  hydrogen :  Move  into  fresh  air ;  artificial  respiration; 
warmth  and  stimulants  ;  oxygen  ;  intravenous  or  rectal  injection  of  saline  ; 
respiratory  and  cardiac  tonics. 

Fungi  :  Stomach  pump  and  emetics  ;  atropin  and  morphia  hypodermically 
for  cramps  and  colic  ;  later  a  dose  of  castor  oil ;  stimulants  and  warm 
applications. 
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CHAPTER  13 

INTRODUCTION 

ARTHROPODA 

The  systematic  position  of  the  Arthropods  associated  with  the  conveyance 
of  disease,  or  themselves  causing  disease,  is  shown  in  the  following  skeleton 
scheme  of  classification. 

PHYLUM  ARTHROPODA. 

Segmented  bilaterally  symmetrical  animals  with  jointed  appendages,  and 
with  an  exoskeleton,  partly  or  wholly  chitinous,  which  is  periodically  moulted 
in  its  entirety  during  growth.  The  nervous  system  consists  of  a  pair  of  ganglio- 
nated  cords  apposed  below  the  gut  and  forming  a  collar  round  it  in  the  head. 
The  blood  system  consists  of  lacunar  spaces  (hsemocoele)  and  the  heart  is  a  per¬ 
forated  contractile  tube  situated  dorsal  to  the  gut. 

Class  I.  Crustacea. 

Body  regionally  divided  into  head,  thorax,  and  abdomen,  with  two  pairs 
of  antennae  on  the  head.  Exoskeleton  impregnated  with  calcium  salts.  Respi¬ 
ratory  organs  are  outgrowths  of  the  skin. 

This  class  consists  of  animals  varying  in  size  from  minute  water  fleas  to 
gigantic  crabs  and  includes  terrestrial  forms  such  as  woodlice  and  sandhoppers. 
The  invertebrate  host  of  Dracunculus ,  the  guinea-worm,  is  the  water  flea 
Cyclops  (chap.  87). 

Class  II.  Arachnida. 

Body  regionally  divided  into  three  regions,  often  fused  together,  the  pro-, 
meso-,  and  metasoma,  which  are  not  equivalent  to  the  head,  thorax,  and  abdomen 
of  Crustacea  and  Insect  a.  No  antennae.  The  prosoma  typically  bears  six  pairs 
of  appendages  of  which  the  last  four  pairs  are  walking  legs.  Exoskeleton  of 
chitin  only.  Respiratory  organs  are  ingrowths  or  outgrowths  of  the  skin.  The 
more  important  orders  are  : 

Order  1.  Scorpionida,  body  partially  segmented  ;  metasoma  whip-like 
and  ending  in  a  sting  ;  second  pair  of  appendages,  the  pedipalps,  are  powerful 
pincers. 

The  sting  is  always  serious  and  may  end  fatally.  They  are  generally  distri¬ 
buted  in  warm  climates. 

Order  2.  Araneida,  body  unsegmented  ;  deeply  constricted  by  a  waist  into 
two  regions  ;  first  pair  of  appendages,  the  chelicerse,  are  not  chelate  (i.  e.  not 
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pincer  like)  and  bear  poison  glands  ;  with  silk  glands  and  spinnerets  :  true 
spiders. 

Different  species  are  called  4  Tarantula  5  in  various  countries.  Authentic 
cases  of  serious  effects  following  spider  bites  are  exceedingly  rare.  The  ‘  taran- 
tism  ’  of  the  Middle  Ages  was  an  epidemic  hysteria  having  no  connexion  with 
the  spider  from  which  it  takes  its  name. 

Order  3.  Solifugas,  spider-like  animals  ;  partially  segmented  ;  and  with 
a  deeply  constricted  body  ;  chelicerse  chelate  and  powerful  ;  second  pair  of 
appendages  resemble  walking  legs  ;  no  spinning  organs. 

These  are  conspicuous  in  the  tropics,  being  large  and  active  and  often 
entering  houses.  They  are  much  feared  and  are  often  called  4  tarantulas  but 
they  have  no  poison  glands  and  the  bites  are  probably  not  dangerous,  except 
that  they  are  severe  and  may  be  septic. 

Order  4.  Phalangidea,  spider-like  animals  ;  with  segmented  4  abdomen  ’  ; 
no  constriction  in  body  ;  chelicerse  chelate  ;  anal  orifice  always  transverse  or 
circular  ;  no  spinning  organs  :  harvest  spiders. 

Order  5.  Acarina,  entirely  unsegmented  and  with  no  constriction  in  the 
body  ;  mouth  parts  suctorial  ;  chelicerse  variable,  sometimes  chelate  ;  anal 
orifice  always  longitudinal  ;  no  spinning  organs  :  ticks  and  mites.  The  more 
important  sub-orders  are  the  following  : 

Sub-order  1.  Vermiformia,  vermiform  ;  no  stigmata  or  eyes  ;  parasitic 
on  animals  and  plants. 

Fam.  Demodicidse  parasitic  in  hair  follicles  of  mammals. 

Demodex  folliculorum  attacks  man  (Section  XVI). 

Sub-order  2.  Astigmata,  globular  ;  no  stigmata  or  eyes  ;  many  parasitic. 

The  following  habitually  or  occasionally  attack  man. 

Fam.  Sarcoptidse,  Sarcoptes  scabei.  Itch  (chap.  116). 

Fam.  Tyroglyphidse,  Tyroglyphus  siro.  4  Vanillism.’ 

Glycyphagus  domesticus.  4  Grocer’s  itch  ’. 

Rhizoglyphus  parasiticus.  4  Water  itch  ’  in  tea 
plantations. 

Fam.  Pcdiculoididae,  Pediculoides  ventricosus.  4  Grain  itch  ’. 

Sub-order  3.  Metastigmata,  globular,  or  flat  and  circular ;  stigmata 
near  articulation  of  legs. 

Super  Fam.  Ixodoidea,  Ticks  (chap.  14). 

Sub-order  4.  Prostigmata,  globular  ;  stigmata  on  rostrum  or  near  base 
of  chelicerse. 

Fam.  Trombidiidae  includes  the  velvety  4  Harvest  mites  ’.  Many  of  the 
larvae  attack  man  and  are  known  as  4  Harvest  bugs  ’.  Trombidium  akamushi 
conveys  Japanese  river  fever  (chap.  95). 

Order  6.  Pentastomida  ( Araclmidce  incertce  sedis),  elongated  vermiform 
annulated  endoparasites. 

Fam.  Linguatulidae.  The  4  tongue  worms  ’  (Section  XI). 

Class  III.  Insecta. 

Body  regionally  divided  into  head,  thorax,  and  abdomen.  One  pair  of 
antennae  on  head  and  three  pairs  of  walking  legs  on  thorax.  Exoskeleton  of 
chitin  only.  Respiratory  organs  are  ingrowths  of  the  skin,  opening  on  the 
surface  by  means  of  spiracles  or  stigmata. 

Typically  the  thorax  bears  two  pairs  of  wings,  but  there  are  whole  orders  of 
wingless  forms  and  wingless  forms  in  every  order.  Broadly  there  are  three  types 
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of  metamorphosis  :  (1)  in  which  wings  are  never  developed  and  there  is  little 
change  in  form  from  larva  to  adult  ;  (2)  in  which  wings  are  typically  developed 
but  there  is  no  quiescent  pupal  stage  ;  (3)  in  which  wings  are  typically  developed 
and  there  is  a  quiescent  pupal  stage  (complete  metamorphosis).  For  present 
purposes  the  Insecta  may  be  divided  into  the  following  eleven  orders  : 

Order  1.  Aptera,  primitive  wingless  free-living  forms  with  scaly  bodies  ; 
mouth  parts  biting  ;  segments  of  the  thorax  not  fused.  Includes  Lepisma  the 
4  silver  fish  ’. 

Order  2.  Mallophaga,  wingless,  parasitic  in  all  stages  on  mammals  and 
birds  ;  mouth  parts  biting  a,nd  chewing  ;  body  compressed  dorso-ventrally. 
Probably  allied  to  the  Neuroptera.  Includes  only  the  4  biting  lice  ’,  none  of 
which  infest  man. 

Order  3.  Anoplura,  wingless,  parasitic  in  all  stages  on  mammals  ;  mouth 
parts  piercing  and  sucking  ;  body  compressed  dorso-ventrally.  Includes  only 
the  4  sucking  lice  ’  of  which  three  species  infest  man  (chap.  15). 

Order  4.  Orthoptera,  first  pair  of  wings  leathery  and  form  a  sheath  over 
the  membranous  second  pair  ;  mouth  parts  biting  and  chewing  ;  no  pupal 
stage.  Includes  cockroaches,  mantids,  stick  insects,  locusts,  and  crickets. 

Order  5.  Neuroptera,  both  pairs  of  wings  membranous  and  with  a  close 
reticulum  of  4  veins  5  ;  mouth  parts  biting  and  chewing  ;  no  pupal  stage. 
Includes  the  white  ants  (termites),  May-flies,  dragon-flies,  ant-lions  and  caddis- 
flies. 

Order  6.  Rhynchqta,  or  Hemiptera,  the  wings  may  be  all  membranous, 
or  the  anterior  pair  may  be  partly  leathery  ;  mouth  parts  piercing  and  sucking  ; 
proboscis  strongly  recurved  ;  no  pupal  stage.  4  Bugs  ’,  includes  green  fly, 
scale  insects,  cicadas.  Blood-sucking  forms  occur  in  the  families  Cimicidae  and 
Reduviidae  (chap.  16). 

Order  7.  Coleoptera,  first  pair  of  wings  horny,  usually  completely 
ensheathing  the  membranous  second  pair  ;  mouth  parts  biting  and  chewing. 
Metamorphosis  complete.  Beetles. 

Order  8.  Hymenoptera,  both  pairs  of  wings  membranous,  with  a  sparse 
reticulum  of  4  veins  5  ;  mouth  parts  biting  and  sucking.  Metamorphosis 
complete.  Includes  ants,  chalcids,  bees,  and  wasps.  Many  are  parasitic  on 
other  insects.  Some  ants  frequent  both  refuse  and  human  food,  and  may 
thus  convey  intestinal  diseases. 

Order  9.  Lepidoptera,  both  pairs  of  wings  expansive  and  clothed  with 
scales  ;  mouth  parts  sucking  only.  Metamorphosis  complete.  Butterflies 
and  moths. 

Order  10.  Diptera,  front  wings  membranous,  hind  wings  reduced  to  short 
clubs  ;  mouth  parts  piercing  and  sucking.  Metamorphosis  complete.  The 
families  of  importance  in  relation  to  disease  are  as  follows  : 

(1)  Orthorrapha,  pupa  free  or  enclosed  in  larval  skin,  imago  escaping  through 
a  T-shaped  slit. 

(a)  Nematocera,  antennae  long  and  thread  like,  joints  similar. 

Fam.  Chironomidae,  includes  the  biting  midges 

,,  Simuliidae,  the  4  buffalo  gnats  ’ 

,,  Psychodidae,  includes  the  sand-flies 
,,  Culicidae,  mainly  gnats,  mosquitoes 

( b )  Brachycera,  antennae  short,  joints  dissimilar. 

Fam.  Tabanidae  ;  biting  flies,  horse-flies  (chap.  19). 

„  Phoridae  :  some  cause  intestinal  myiasis 


(chap.  17). 
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(2)  Cyclorrapha,  pupa  always  enclosed  in  larval  skin,  imago  escaping  through 
a  circular  orifice. 

Fam.  Anthomyidse,  includes  Fannia,  the  latrine  flies  (chap.  20). 

,,  Sarcophagidse,  includes  flesh  flies  (chap.  20). 

,,  (Estridge,  bot-flies  and  warble-flies  (chap.  20). 

,,  Muscidse,  includes  the  house-fly  (chap.  20),  the  stable-fly  (chap. 

21),  and  tsetse-flies  (chap.  21). 

,,  Hippoboscidse  (Pupipara),  closely  parasitic,  mainly  on  mammals 
and  birds  ;  larva  with  intrauterine  development  (chap.  21). 

Order  11.  Siphonaptera,  wingless,  bilaterally  compressed  ;  mouth  parts 
piercing  and  sucking.  Metamorphosis  complete  :  the  fleas  (chap.  22). 

Class  IV.  Myriapoda. 

Body  divided  into  a  head  and  a  large  number  of  similar  segments  bearing 
simple  leg-like  appendages.  One  pair  of  antennae  and  two  pairs  of  jaws  on  head. 
Respiratory  organs  are  ingrowths  of  the  skin. 

Order  1.  Chilopoda,  flattened  dorso-ventrally  ;  bases  of  the  legs  wide 
apart  ;  one  pair  of  legs  to  each  apparent  segment ;  first  pair  of  legs  modified 
to  form  poison  claws  :  4  centipedes  ’. 

Some  of  the  tropical  forms  are  large  and  inflict  a  serious  bite.  They  are 
found  under  old  timber,  and  in  dark  damp  places. 

Order  2.  Diplopoda,  cylindrical  ;  bases  of  legs  closely  apposed  ;  two  pairs 
of  legs  to  each  apparent 4  segment  ’  ;  no  poison  claws  :  4  millepedes.’ 
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TICKS  (IXODOIDEA) 

BY 
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M.A.,  F.Z.S.  Demonstrator  in  Medical  Entomology  in  the  University  of  Cambridge. 

Zoologist  to  the  Royal  Agricultural  Society  of  England. 

Blood-sucking  Acarines  of  the  families  Argasidse  and  Ixodidge,  externally 
parasitic  on  all  kinds  of  terrestrial  vertebrates. 

INTRODUCTION. 

Ticks  hold  a  somewhat  peculiar  position  among  the  external  parasites  of 
man  inasmuch  as,  with  perhaps  the  exception  of  a  single  species,  they  are  not 
distinctively  human  parasites  but  only  attack  man  incidentally  in  the  absence 
of  their  proper  hosts.  The  possible  exception  is  Ornitliodorus  moubata,  which, 
whatever  its  original  host,  has  established  itself  in  native  huts  and  rest-houses 
in  Africa  and  adopted  man  as  a  special  object  of  attack,  communicating  to  him 
a  disease  known  as  relapsing  fever.  Another  species  in  North  America — 
Dermacentor  venustus — is  known  to  be  pathogenic  to  man,  communicating 
Rocky  Mountain  spotted  fever ;  but  it  is  in  no  special  sense  a  human  parasite, 
preferring  in  its  early  stages  small  mammals,  and  in  its  mature  form  being 
parasitic  chiefly  on  cattle. 

On  the  other  hand,  the  host-relationship  of  a  great  many  ticks  is  extremely 
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loose,  and  almost  any  species  may  on  occasion  attack  man.  He  is  naturally 
brought  into  frequent  contact  with  those  species  which  especially  affect  domestic 
animals,  but  may  readily  pick  up  others  when  encamping  near  the  haunts  of 
sea-birds  or  wild  mammals,  or  even  when  walking  through  herbage  or  brush. 
The  ticks  which  attack  man  might,  indeed,  be  placed  in  the  following  categories  : 

1.  Those  which  infest  human  dwellings  or  adjacent  fowl  or  pigeon  houses 

(0.  moubata ,  A.  persicus,  A.  reflexus,  etc.). 

2.  Those  which  are  normally  found  on  domestic  mammals— dogs,  horses, 

cattle,  sheep — but  are  not  averse  from  human  hosts  ( D .  venustus, 

0.  megnini ,  etc.). 

3.  Those  which  infest  the  nesting-places  of  sea-birds  or  the  lairs  of  animals, 

and  will  attack  man  if  encamping  in  the  neighbourhood  (I.  putus,  etc.), 

4.  Ticks  casually  picked  up  in  brush  or  herbage. 

These  considerations  indicate  the  scope  of  the  present  article.  As  almost 
any  species  of  tick  may,  at  one  time  or  another,  be  found  on  man,  a  fairly 
complete  general  account  of  the  group  must  be  given  as  regards  structure, 
bionomics,  and  classification.  The 
two  species  known  to  be  pathogenic 
must,  of  course,  be  dealt  with  as 
fully  as  space  permits,  but  of  the 
others  it  will  only  be  necessary  to 
notice  briefly  those  which  have  been 
most  frequently  known  to  cause  an¬ 
noyance  to  human  beings,  whether 
acquired  from  domestic  animals  or 
from  infested  localities. 

Ticks  are  Ixodoidea,  a  group  of 
the  Arachnid  order  Acarina.  Most 
of  the  Acarina  are  very  minute 
animals,  hence  their  popular  name 
‘  mites  ’ — cheese-mites  (Tyroglyph- 
idge)  and  itch-mites  (Sarcoptidge)  are 
familiar  examples.  Ticks  are  com¬ 
paratively  very  large,  an  adult  of 

the  smallest  species  measuring  at  least  2  mm.  while  a  gorged  female  of  a  large 
species  sometimes  attains  a  length  of  24  mm. 

They  are  all  external  parasites  of  terrestrial  vertebrates,  most  of  them 
attacking  birds  or  mammals,  but  some  preferring  cold-blooded  animals  and 
finding  their  hosts  among  the  reptiles  or  even  the  amphibia.  All  live  entirely 
on  blood  or  lymph,  and  all  pass  through  a  metamorphosis  in  which  three  phases 
are  always  distinguishable — a  hexapod  larva ;  an  octopod  but  sexless  nymph  ; 
and  the  adult  tick,  male  or  female. 


Fig.  130.  Argasid  capitulum,  ventral  view. 


EXTERNAL  STRUCTURE. 

As  is  usual  in  the  Acarina,  ticks  have  lost  all  trace  of  primitive  segmentation 
and  there  is  no  constriction  between  head  and  thorax,  or  between  thorax  and 
abdomen.  There  is,  however,  a  small  portion  movably  articulated  to  the  rest 
of  the  body  and  bearing  the  mouth-parts.  This  4  false  head  ’  or  capitulum 
is  highly  characteristic  of  the  group,  and  must  be  described  in  detail  (figs. 
130  and  138).  It  consists  of  a  basal  segment  or  basis  capituli,  carrying 
the  piercing  apparatus,  flanked  by  a  pair  of  four- jointed  pedipalps  (usually 
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called  palps)  which  guard  it  when  at  rest,  and  are  moved  aside  when  it  is  in 
action. 

The  piercing  apparatus  has  the  following  structure.  A  pair  of  chelicer^e 
are  the  actual  cutting  instruments.  They  are  extensible  and  retractile,  and 
each  consists  of  a  rod,  to  the  end  of  which  is  articulated  a  digit,  capable  of 
lateral  motion,  and  supplied  with  cutting  teeth  on  its  outer  edge.  Normally, 
nothing  of  these  organs  is  visible  except  the  tips  of  the  digits,  for  the  shafts  of 
the  chelicerse  are  concealed  by  rigid  chitinous  productions  of  the  basis — dorsally 
and  laterally  the  sheath,  ventrally  the  hypostome,  the  latter  being  furnished 
with  recurved  teeth  which  serve  to  anchor  the  whole  structure  when  thrust  into 
the  wound  cut  by  the  chelicerae.  Both  sheath  and  hypostome  show  signs  of 
derivation  from  paired  structures. 

The  rest  of  the  body  forms  a  single  mass  with  no  vestiges  of  segmentation. 
The  genital  opening  is  very  anterior,  generally  between  the  second  pair  of  legs 
(see  fig.  139).  The  breathing  pores  or  spiracles  are  conspicuous  and  are  always 
in  the  neighbourhood  of  the  coxae  of  the  fourth  pair  of  legs. 

The  legs — eight  in  the  adult  and  nymph,  six  in  the  larva — are  six- jointed, 
the  first  joint  or  coxa  being  almost  immovable,  and  the  last  or  tarsus  ending 
in  two  claws  and  a  more  or  less  developed  pad  or  pulvillus. 

The  Ixodoidea  are  divided  into  two  families — the  Argasidse  and  the 
Ixodidae — which  differ  in  important  respects  both  in  structure  and  habits. 
The  Argasidse  are  comparatively  primitive,  not  differing  greatly  from  certain 
other  Acarine  groups  (such  as  the  Gamasidse)  in  their  morphology  except  for 
their  characteristic  mouth  parts,  and  in  their  method  of  life  much  resembling 
Cimex.  The  Ixodidae  are  much  more  highly  specialized  parasites  with  remarkable 
life-histories  and  with  additional  structural  peculiarities  which  may  be  deferred 
till  the  Argasidse  are  disposed  of. 

ARGASIDSE. 

Ticks  with  leathery  integument,  no  portion  of  which  is  specially 

CHITINIZED  TO  FORM  A  SCUTUM  OR  SHIELD  ;  CAPITULUM  INFERIOR  ;  PALPS 
LEG-LIKE,  FOURTH  JOINT  TERMINAL  ;  SPIRACLE,  SMALL,  CRESCENTIC,  RATHER 
ANTERIOR  TO  COXA  4  ;  PULVILLUS  RUDIMENTARY  ;  SEXUAL  DIMORPHISM  SLIGHT  ; 
NO  EXTRAVAGANT  INCREASE  OF  SIZE  WHEN  REPLETE. 

Argasidse  are  principally  parasitic  on  man,  birds,  or  bats.  They  flourish 
in  warm  climates,  being  confined  to  buildings  in  temperate  regions.  They  are 
nocturnal  parasites,  hiding  in  crevices  by  day  and  coming  out  to  feed  at  night. 
Their  flat  bodies,  when  unfed,  adapt  them  to  this  mode  of  life.  They  feed 
rapidly  and  frequently,  increasing  but  little  in  length,  but  thickening  dorso- 
ventrally.  There  are  generally  two  or  more  nymphal  stages.  The  adults  may 
live  for  several  years.  Two  genera  are  recognized,  Argas  and  Ornitliodorus, 
but  the  characteristics  which  separate  them  are  not  very  important. 

Argas. 

Very  flat  when  unfed,  with  a  distinct  margin  of  different  texture 

TO  THE  REST  OF  THE  INTEGUMENT  ( STRIATE  OR  CELLULAR),  THOUGH  THIS 
GENERALLY  DISAPPEARS  ON  GORGING.  ALL  KNOWN  SPECIES  EYELESS  :  CON¬ 
SPICUOUS  SYSTEMATICALLY  DISPOSED  DISKS  ON  THE  DORSUM  AND  VENTER. 

Only  six  species  of  this  genus  are  well  established,  and  of  these  only  three 
concern  us  as  having  been  known  to  attack  man. 

Argas  persicus  (syn.  miniatus),  the  fowl  tick,  adobe  tick  (North  America), 
wandluis  or  tampan  (South  Africa),  miana  or  miane  bug  (Persia),  is  practically 
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cosmopolitan  in  warm  countries  and  inhabits  fowl-houses,  conveying  to  fowls 
the  blood  parasite  Spirochceta  gallinarum.  The  margin  is  composed  of  rect¬ 
angular  cells,  and  mature  gorged  specimens  may  attain  half  an  inch  (12-7  mm. 
in  length  (fig.  131).  They  are  of  a  brown  colour. 

Bionomics.  Females  emerge  at  night  and  feed  for  about  twenty  minutes, 
then  retiring  to  crevices  where,  after  about  a  week,  they  lay  from  twenty  to 
a  hundred  eggs  in  batches.  The  eggs  take  three  weeks  to  hatch.  The  larvae 
remain  attached  to  their  hosts  for  several  days  (five  to  ten)  and  then  drop  off 
and  change  to  nymphs.  Both  first  and  second  stage  nymphs  feed  rapidly 
(11  to  2  hours).  The  first  stage  nymph  changes  to  the  second  in  about  a  fort¬ 
night,  and  the  second  to  the  adult  after  several  weeks.  Adults  feed  about  once 
a  month  in  hot  weather,  the  females  ovipositing  after  each  meal. 


Fig.  131.  Argas  persicus,  x  8. 


Fig.  132,  Argas  reflexus,  x  10.  (After  Wheler.) 


Relation  to  man.  The  bite  is  exceedingly  painful  and  there  are  many 
accounts,  probably  exaggerated,  of  its  serious  and  even  fatal  effects,  especially 
in  Persia,  where  its  reputation  is  particularly  bad.  There  is  no  proof,  however, 
that  it  can  communicate  relapsing  fever  to  man.  It  causes  great  mortality  in 
fowls,  both  by  massive  infestation  and  by  spirochetosis. 

Prophylaxis.  Birds  are  cleared  of  ticks  by  the  application  of  petroleum 
or  turpentine.  Infested  fowl-houses  should  have  the  walls  brushed  with  hot 
coal-tar,  and  the  old  roosts  should  be  burnt.  Roosts  with  bark  should  be 
avoided.  Poultry  yards  should  be  sprayed  with  some  suitable  insecticide 
(kerosene,  lime  and  sublimate,  or  4  creozone  ’). 

Argas  reflexus  (syn.  marginatus),  the  pigeon  tick  of  Europe  and  North 
Africa,  has  been  experimentally  proved  capable  of  transmitting  Spiro- 
chceta  gallinarum,  but  normally  injures  by  massive  infestation.  The  margin 
is  finely  striate,  but  otherwise  the  tick  closely  resembles  A.  persicus  (fig.  132). 

Bionomics.  Practically  like  A.  persicus,  but  this  is  a  notably  long-lived  tick. 
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Unfed  larvae  live  from  six  to  eight  months,  and  adults  have  been  kept  alive  for 
six  years. 

Relation  to  man.  Human  beings  are  often  attacked,  chiefly  on  the  hands 
and  feet,  in  the  ne  ghbourhood  of  pigeon-houses,  and  the  bite  is  painful.  The 
worst  recorded  cases  are  where  pigeon-houses  have  been  abandoned  and  the 
ticks  forced  to  find  new  hosts. 

Prophylaxis.  As  for  A .  persicus. 

Argas  brumpti,  at  present  only  known  from  certain  parts  of  the  Sudan  and 
from  Somaliland,  where  Dr.  Brumpt’s  party  were  attacked  by  night  4  in  dusty 
sheltered  hollowed-out  places,  beneath  overhanging  calcareous  rocks,  into 
which  opened  porcupine  ( Hystrix ,  sp.)  burrows  ’.  The  tick  can  be  recognized 
by  the  symmetrically  arranged  polygonal  depressions  on  the  dorsum. 

Bionomics  unknown.  After  feeding  the  ticks  buried  themselves  in  the 
dust,  and  none  could  be  found  in  the  daytime. 


Fig.  133.  Diagrammatic  ventral  view  of  Ornithodorus.  (After 

Nuttall  and  Warburton.) 

Relation  to  man.  Dr.  Brumpt’s  case  is  the  only  one  recorded.  He  states 
that  the  bite  is  more  painful  than  that  of  0.  moubata ,  and  of  seventeen  bites 
five  were  still  traceable  seven  years  later  by  small  subcutaneous  nodules. 

Ornithodorus. 

No  DISTINCT  MARGIN  ;  EYES  PRESENT  OR  ABSENT  ;  ANTERIOR  END  OFTEN 
SOMEWHAT  POINTED  AND  HOOD-LIKE. 

There  are  about  twelve  well-established  species  of  Ornithodorus ,  of  which 
six  demand  special  notice. 

Ornithodorus  moubata,  widely  distributed  in  Africa,  though  in  the  northern 
regions  largely  replaced  by  0.  savignyi,  from  which  it  is  hardly  to  be  distinguished 
by  any  but  an  expert  unless  the  absence  of  eyes  is  noted. 

It  goes  by  a  great  number  of  native  names  :  bibo  (Uganda)  ;  pasi  or  kupe 
(Swaheli  terms)  ;  gourat  (Nubia  and  Sudan)  ;  mechgar  (Abyssinia)  ;  courdoud 
(Galla)  ;  papazi  (Mombassa)  ;  tampan  (Lower  Zambesi)  ;  carrapato  (often  mis¬ 
spelt  4  garapata  ’,  Portuguese  East  Africa)  ;  moubata  or  ochihopio  (Angola)  ; 
kimputo  (Congo)  ;  nkufu  (South  Central  Africa),  etc.  The  body  is  broadly 
rounded  at  both  ends  and  slightly  constricted  near  the  middle.  Unfed  adults 
are  7  to  8  mm.  long,  11  or  12  mm.  when  gorged  (fig.  134).  The  colour  is  dark 
brown  with  the  legs  of  a  lighter  shade. 
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Bionomics.  0.  moubata  infests  native  huts  and  rest-houses,  hiding  by  day 
and  feeding  by  night.  It  may  be  transported  in  beds  and  matting.  The  replete 
female  burrows  in  sand  and  lays  about  150  eggs  in  batches  of  10  to  20  at  intervals 
of  about  ten  days.  The  larva  never  leaves  the  egg-shell  but  develops  within  it 
to  a  first  stage  nymph,  which  emerges  about  a  fortnight  after  oviposition. 
There  are  three  or  four  nymphal  stages,  and  these  and  the  adults  attack  human 
beings  (and  sometimes  domestic  animals),  taking  anything  from  ten  minutes 
to  two  hours  to  feed.  They  may  live  a  long  time  without  food,  specimens  in 
captivity  having  been  kept  alive  unfed  for  five  years. 

Relation  to  man.  0.  moubata  communicates  Sjpironema  recurrentis 
(i duttoni ),  the  cause  of  relapsing  fever.  The  offspring  of  an  infected  female 
are  infective  at  least  to  the  third  generation,  and  there  is  some  evidence  that 
the  parasite  completes  a  life- cycle  in  the  tick,  so  that  S.  recurrentis  is  a 
parasite  both  of  man  and  of  the  tick.  The  excreta  of  the  tick  are  also  infective. 


Fig.  134.  Ornithodorus  moubata ,  x  3.  Fig.  135.  O.  turicata,  x  12.  (After 

Nuttall  and  Warburton.) 

It  is  suspected  of  being  instrumental  in  communicating  filariasis  to  man, 
but  this  is  not  proved.  It  has  been  experimentally  proved  capable  of  conveying 
spirochsetosis  to  fowls. 

Prophylaxis.  Infected  native  houses  must  be  burnt.  Shun  native  rest- 
houses.  It  is  advisable  to  sleep  in  hammocks  and  under  mosquito-nets.  The 
fact  that  the  ticks  can  live  for  a  long  period  without  food  renders  rest-houses 
unsafe  even  if  they  have  remained  unoccupied  for  a  year  or  more  (see  also 
Sanitation,  p.  191). 

Ornithodorus  savignyi,  indistinguishable  from  O.  moubata  except  by  slight 
differences  in  the  leg  armature  and  the  presence  of  four  rather  inconspicuous 
eyes — one  just  dorsal  to  coxa  I  and  the  other  dorsal  to  the  space  between 
coxa  II  and  coxa  III  on  each  side. 

It  is  found  in  various  parts  of  Africa,  but  more  especially  the  more  northern 
and  eastern  regions  (Egypt,  Nubia,  Abyssinia).  It  overlaps  0.  moubata,  and  in 
Somaliland  may  perhaps  replace  that  tick  in  communicating  relapsing  fever. 
It  has  also  been  recorded  from  southern  India.  All  domestic  animals  (including 
fowls)  are  attacked  by  it. 

Bionomics.  Essentially  the  same  as  with  0.  moubata. 
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Relation  to  man.  It  has  been  experimentally  proved  capable  of  communi¬ 
cating  S.  recurreutis  of  which  the  usual  carrier  is  0.  moubata. 

Ornithodorus  coriaceus  (California  and  Mexico,  where  it  is  known  as 
4  talaja  ’)  is  more  pointed  anteriorly  than  the  above  species  and  there  are  large 
irregular  reticulated  areas  where  the  granulations  are  absent. 

Its  normal  host  is  probably  the  fowl,  but  it  inflicts  an  extremely  painful  bite  on 
man,  and  the  natives  of  Mexico  fear  it  greatly,  as  the  wounds  take  so  long  to  heal. 

Little  is  known  of  its  bionomics.  Fig.  133  is  a  diagrammatic  representa¬ 
tion  of  its  under-surface. 

Ornithodorus  turicata,  fig.  135  (chiefly  Mexico,  but  also  Florida,  Texas, 
California,  and  Arizona),  is  known  in  Mexico  as  the  4  turicata  ’.  The 
integument  is  rather  coarsely  granular  ;  the  sides  are  straight  and  parallel, 


Fig.  136.  O.  talaje,  x  16.  (After 
Nuttall  and  Warburton.) 


Fig.  137.  Nymph  of  O.  megnini, 
greatly  enlarged. 


and  the  anterior  extremity  is  narrowed  to  a  rounded  point.  Eyes  are  absent. 
Males  average  3  mm.  in  length,  and  females  6  mm.  It  attacks  pigs,  cattle,  and 
man.  Pigs  have  been  known  to  succumb  to  it,  and  chickens  upon  which  Duges 
fed  specimens  died  in  three  days. 

Relation  to  man.  Like  the  foregoing  species,  this  tick  is  greatly  feared  by 
the  natives  of  Mexico  because  of  the  reluctance  of  the  wounds  to  heal,  especially 
if  the  capitulum  is  left  behind  in  removing  the  tick. 

Ornithodorus  talaje  (fig.  136),  recorded  from  Columbia,  Texas,  Florida, 
Venezuela,  Chili,  Hawaii,  and  (a  variety)  Cape  Colony,  is  of  the  size  and 
general  appearance  of  O.  turicata,  from  which  it  is  distinguished  by  its 
coarser  granulation,  the  smooth  tapering  tarsi,  and  the  possession  of  movable 
4  cheeks  ’  to  the  camerostome  or  cavity  enclosing  the  capitulum.  Our  knowledge 
of  this  tick  is  very  incomplete,  and  some  of  the  records  of  it  may  refer  to 
0.  turicata.  Its  normal  host  is  unknown,  but  the  Cape  variety  was  found  in 
penguins’  nests. 

Relation  to  man.  In  Mexico  the  ticks  infest  old  houses  and  attack  man 
at  night,  chiefly  on  the  hands,  causing  4  intolerable  itching  and  pain  ’. 
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Ornithodorus  megnini,  the  4  spinose  ear  tick  is  a  North  American  species 
and  has  been  recorded  from  Louisiana,  Texas,  Mexico,  New  Mexico,  Arizona, 
California,  Nevada,  Idaho,  Iowa,  Kentucky,  Kansas,  and  Nebraska,  where  it 
infests  the  ears  of  the  horse,  ass,  and  ox.  It  is  remarkable  for  the  great  difference 
between  the  nymph  and  the  adult.  The  adult,  about  5  mm.  in  length,  is 
markedly  constricted  towards  the  posterior  end,  and  its  integument  is  not 
granular  but  marked  by  small  circular  pits.  The  body  of  the  nymph  is  broadest 
at  the  level  of  the  third  coxae  and  tapers  abruptly  behind,  and  its  integument 
bristles  with  short  spines  (fig.  137). 

Bionomics.  The  life-history  is  unique  among  known  ticks.  The  larvae  bury 
themselves  in  folds  of  the  ear  and  gorge,  moulting  in  about  five  days  while  still 
attached,  and  the  emerging  spinose  nymphs  continue  feeding  in  the  ear  for 
about  one  to  three  months.  They  then  fall  to  the  ground  and  give  rise  to  adults 
which  pair  and  oviposit  without  feeding. 

Relation  to  man.  These  ticks  often  obtain  access  to  the  human  ear,  but 
their  bite  does  not  seem  to  be  painful,  and  little  harm  results  if  quickly  removed. 
Simpson  (1901)  mentions  a  case  where  two  ticks  were  removed  in  August  from  the 
ear  of  a  gentleman  who  had  come  to  England  after  camping  in  Arizona  in  June. 

Prophylaxis.  The  ticks  are  best  removed  by  the  application  of  any  bland 
oil,  or  by  the  introduction  into  the  ear  of  a  pledget  of  cotton  wool  moistened 
with  a  little  chloroform. 

IXODIDiE. 

Ticks  with  a  portion  of  the  integument  highly  chitinized  to  form 

A  SCUTUM  OR  SHIELD  ;  CAPITULUM  ANTERIOR  ;  PALPS  ROD-LIKE,  CAPABLE  OF 
LITTLE  BUT  LATERAL  MOTION,  THE  FOURTH  JOINT  RUDIMENTARY  AND  INFERIOR  ; 
SPIRACLE  POSTERIOR  TO  COXA  IV  ;  SEXUAL  DIMORPHISM  MARKED  ;  INCREASE 
OF  SIZE  (EXCEPT  IN  MALES)  VERY  GREAT  ON  GORGING. 

There  are  nine  genera  of  Ixodid  ticks  :  Ixodes ,  Hcemaphy  satis,  Dermacentor , 
Rhipicentor ,  Rhipicephalus,  Margaropus ,  Boophilus ,  Hyalomma ,  and  Amblyomma, 
and  a  sub-genus  Aponomma.  Rhipicentor  and  Mcirgaropus  include  only  two  or 
three  rare  species  which  have  never  been  known  to  attack  man,  and  Aponomma 
chiefly  attacks  reptiles,  so  that  we  need  only  concern  ourselves  with  seven 
genera.  Their  affinities  are  indicated  in  the  following  scheme  : 


Ixodidae 


Prostriata  Metastriata 

t  I _ 

I  .1 

Brevirostrata  Longirostrata 


Group  1  Group  2  Group  1  Group  2 

i  ill 

Hsemaphysalis  Dermacentor  Hyalomma  Amblyomma 

Rhipicephalus 

Ixodes  Boophilus 

Since  none  of  these  are  distinctly  human  parasites  but  any  may  attack  man, 
our  account  must  necessarily  be  general,  with  particular  reference  to  Derma¬ 
centor  venustus,  the  carrier  of  Rocky  Mountain  spotted  fever. 

External  structure.  The  scutum  covers  nearly  the  whole  dorsum  in  the 
male  (e.  g.  fig.  147)  ;  in  the  female,  nymph,  and  larva  it  is  confined  to  the 
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anterior  portion,  presenting  merely  a  small  patch  in  the  distended  specimen 
(e.  g.  fig.  141).  It  bears  the  eyes  when  present,  and  its  punctations  and 
grooves  are  of  specific  importance.  The  capitulum  is  characteristic  in  the 
different  genera,  and  the  shape  of  the  basis  and  of  the  different  palpal  articles 
and  the  dentition  of  the  hypostome  should  be  noted.  Other  points  on  which 
classification  depends  are  the  spiracle,  the  anal  groove,  and  the  4  festoons  ,  a 


Fig.  138.  Diagram  of  capitulum  of  an  Ixodid  tick  ( Hyalomma ). 

Ventral  and  dorsal  aspects. 


Fig.  139.  Diagrammatic  dorsal  and  ventral  aspects  of  a  female  Ixodid 

tick  ( Amblyomma ). 

series  of  posterior  folds  persistent  in  the  males  of  most  genera  but  more  or  less 
obliterated  in  the  females  by  gorging.  Moreover,  some  species  are  4  ornate  ’, 
with  a  coloured  pattern  on  the  scutum,  others  are  inornate. 

In  the  above  scheme  Prostriata  and  Metastriata  refer  to  the  anal  groove 
which  in  Ixodes  surrounds  the  anus  in  front  — -)  while  in  the  other  genera  it 

lies  behind  it  _ or  is  obsolete.  Brevirostrata  and  Longirostrata  refer  to  the 

piercing  apparatus  which  is  comparatively  short  in  the  former  and  long  in  the 
latter.  Though  Dermacentor  alone  is  known  to  be  pathogenic  to  man,  the  most 
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painful  bites  are  inflicted  by  ticks  with  a  long  rostrum,  i.  e.  by  Ixodes  (set  apart 
for  other  reasons),  Hyalomma,  and  Amblyomma. 

General  bionomics.  Oviposition  takes  place  on  the  ground,  often  occupying 
weeks.  The  eggs  may  be  very  numerous  (more  than  18,000  in  Amblyomma 
hebrceum).  The  female  dies  after  egg-laying.  Six-legged  larvae  emerge,  climb 
herbage,  and  wait  for  the  passage  of  some  host.  On  finding  one  they  imme¬ 
diately  attach  and  feed,  generally  for  some  days.  When  gorged,  they  fall  to 
the  ground,  remain  quiescent  for  a  time  and  then  moult  to  give  rise  to  nymphs 
which  are  eight-legged  and  more  or  less  like  females  but  without  sexual  aperture. 
These  again  seek  hosts,  and  after  gorging  fall  again  to  the  ground,  giving  rise 
to  adults,  which  for  the  last  time  seek  hosts  and  pair,  the  gorged  female  finally 
dropping  to  oviposit  and  die. 


Fig.  140.  Ixodes  ;  diagrammatic  ventral  Fig.  141.  Ixodes  ricinus  J,  x  9. 

aspect  of  qA  and  5*  (After  Hirst.) 

Such  ticks  (the  majority)  are  known  as  ‘  three-host  ticks  \  Some  species, 
however,  remain  on  the  host  during  the  change  from  larva  to  nymph  (‘  two-host 
ticks  e.  g.  Rhipicephalus  evertsi),  and  a  few  pass  through  all  their  changes  on 
one  host  (e.g.  Boophilus). 

In  three-host  ticks,  especially,  the  time  occupied  by  the  life-cycle  is  neces¬ 
sarily  very  indeterminate,  as  it  is  quite  uncertain  how  long  any  stage  may  have 
to  wait  for  a  host,  and  a  remarkable  tenacity  of  life  is  general  among  them. 
The  development  from  egg  to  egg  must  take  months  and  may  take  years.  In 
one-host  ticks  matters  are  more  expeditious,  and  in  extremely  favourable 
circumstances  (warm  weather,  no  delay  in  finding  a  host,  etc.)  the  cycle  from 
egg  to  egg  need  take  no  more  than  forty  days. 

We  may  now  briefly  discuss  each  genus  in  turn. 

PROSTRIATA. 

Ixodes.  Anal  grooves  embracing  the  anus  anteriorly  ;  scutum 

INORNATE,  WITHOUT  EYES  ;  NO  FESTOONS  ;  SPIRACLES  ROUND  OR  OVAL  ; 
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VENTER  OF  MALE  COVERED  BY  AN  ARMATURE  OF  CHITINIZED  PLATES  WHICH 

do  not  protrude  (figs.  140  and  141). 

About  fifty  species  have  been  described,  and  all  whose  life-history  is  known 
are  three-host  ticks.  A  few  are  distinctly  bird  parasites,  but  most  have  a  very 
loose  host  relationship  though  they  prefer  certain  animals  or  groups  of  animals. 
They  are  never  brightly  coloured,  exhibiting  only  shades  of  brown  and  black. 
I.  ricinus  is  the  common  sheep  tick  of  Europe.  I.  pilosus  causes  tick  paralysis 
in  sheep  in  Cape  Colony. 

Relation  to  man.  Probably  the  ‘  seed  ticks  ’  (larvae)  of  many  species  may 
temporarily  attach  themselves  to  men  walking  through  herbage,  but  it  is  only 
in  the  case  of  a  very  few  species  that  adults  have  been  recorded  as  attacking  man. 

I.  ricinus,  fig.  141  (Europe,  Transcaucasia,  Japan,  Arabia,  North  America), 
is  common  on  sheep,  cattle,  and  dogs,  and  often  attacks  man,  causing  much 
pain.  There  are  several  cases  on  record  of  this  tick  penetrating  beneath 
the  skin.  It  has  long  been  suspected  of  conveying  to  sheep  in  Scotland  and 
the  north  of  England  a  mysterious  disease  known  as  ‘  louping  ill  ’,  and  good 
authorities  consider  its  instrumentality  now  established  (Stockman). 

I.  bicornis,  a  Mexican  species,  is  locally  much  feared,  and  is  called  the 
‘  Conchuda  \ 

I.  rasus  (Central  and  East  Africa)  has  been  taken  from  man  among  various 
mammalian  hosts. 

I.  putus  attacks  marine  birds  (puffins,  guillemots,  cormorants,  penguins,  etc.) 
and  has  a  correspondingly  wide  distribution.  Men  have  often  been  attacked 
when  camping  near  the  nesting-places  of  such  birds,  and  the  bite  is  said  to 
be  very  painful. 

METASTRIATA. 

Brevirostrata. 

Hsemaphysalis.  Scutum  inornate,  without  eyes  ;  festoons  present  ; 

CAPITULUM  CHARACTERISTIC,  THE  SECOND  ARTICLE  OF  THE  PALPS  GENERALLY 
PROTRUDING  LATERALLY  ;  VENTER  OF  MALE  UNARMED  (figS.  142  and  143). 

These  are  mostly  small  ticks,  yellow  when  unfed,  and  most  of  the  fifty  species 
known  are  Asiatic.  Well-known  examples  are  H.  bispinosa,  a  small  species  very 
common  on  domestic  animals  in  India  ;  H.  leachi,  the  African  dog  tick  ;  and 
H.  cinnabarina  (North  America),  which,  with  its  Old  World  form  H.  cinnabarina , 
var.  punctata  (frequently  known  as  H.  jiunctata  and  found  in  Europe,  Asia,  and 
North  Africa),  affects  a  large  number  of  hosts  including  reptiles  but  seems  to 
prefer  the  sheep. 

The  only  species  recorded  as  attacking  man  are  H.  leachi  and  H .  cinnabarina. 
Such  attacks  are  rare  and  no  special  ill  effects  are  noted. 

Dermacentor.  Usually  ornate,  with  eyes  and  festoons  ;  basis  capituli 

RECTANGULAR  AND  PALPS  SHORT  AND  MASSIVE  ;  MALE  WITHOUT  VENTRAL 
ARMATURE  BUT  WITH  COXA  IV  ENLARGED. 

These  ticks  are  for  the  most  part  of  medium  or  large  size,  and  with  the 
scutum  dark  brown  with  white  markings.  About  fifteen  species  are  known. 
In  the  Old  World  the  only  one  that  concerns  us  is  D.  reticulatus,  which  occurs, 
but  not  very  commonly,  on  domestic  animals,  especially  the  sheep,  throughout 
Europe  and  parts  of  Asia.  It  sometimes  attacks  man.  In  America  the  two 
following  species  have  attracted  attention  as  occasional  human  parasites. 

D.  variabilis  (syn.  electus),  the  American  dog  tick,  common  in  the  South-east 
United  States,  and  also  in  West  California  and  Oregon.  Besides  the  dog  it 
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attacks  many  wild  carnivora  and  often  bites  man,  with  no  markedly  evil 
results. 

D.  occidentals,  the  Pacific  Coast  tick  (California  and  Oregon)  attacks 
horses,  cattle,  deer,  and  many  other  mammals,  and  is  a  distinct  nuisance  to 
man.  In  removing  it,  the  capitulum  is  easily  left  behind  and  this  increases  the 
inflammation. 

Another  North  American  species  of  Dermacentor  is  the  sole  Ixodid  tick 
known  to  be  pathogenic  to  man.  This  is  : 

D.  venustus,  the  Rocky  Mountain  spotted  fever  tick,  occurring  throughout 
the  Rocky  Mountain  region  but  especially  in  Montana,  Idaho,  and  Wyoming 
(fig.  144). 

Bionomics.  It  is  a  three-host  tick  and  its  early  stages  are  passed  on  small 

mammals  (gophers,  rock  squirrels, 
etc.),  but  the  adults  affect  the  larger 
domestic  animals  and  man.  About 
6,000  eggs  are  laid,  and  the  life- 
cycle  normally  occupies  about  two 
years.  Adults  are  only  found  on 
cattle  from  March  1st  to  June  1st, 
and  the  winter  is  passed  either  as 
nymph  or  adult.  Mating  takes  place 
on  the  host. 


|Fig.  142.  II.  cinnabarina,  var.  punctata, 
(After  Nuttall  and  Warburton.) 


Fig.  143.  H.  leachi,  $,  x  10. 
(After  Nuttall.) 


*1 


Fig.  144.  Dermacentor  venustus,  0 ^  and  much  enlarged. 

Hunter  and  Bishopp.) 


(After 


286 


ENTOMOLOGY 


Relation  to  man.  This  tick  communicates  to  man  the  disease  known  as 
Rocky  Mountain  spotted  fever  (chap.  93),  which  is  most  virulent  in  the  Bitter 
Root  Valley  of  Montana  where  it  occurs  annually  with  a  mortality  of  about 
70  per  cent.  In  Idaho  the  disease  takes  a  milder  form,  and  though  there  are 
annually  some  300  cases,  the  mortality  only  averages  about  6  per  cent.  It 
always  occurs  between  March  1st  and  July  1st,  roughly  speaking  the  period 
during  which  cattle  are  infested  by  the  adult  ticks.  This  is  also  the  tick  con¬ 
cerned  in  the  best  established  cases  of  ‘  tick  paralysis  5  in  man  (see  chap.  102). 

Prophylaxis.  The  predilection  of  this  tick  in  its  early  stages  for  small 
mammals,  of  which  a  given  region  can  hardly  be  cleared,  makes  its  local  extermi¬ 
nation  difficult,  but  the  obvious  method  is  to  make  war  upon  the  adult  ticks 
infesting  the  cattle  during  the  spring  months,  and  hand-picking,  dipping, 
spraying,  and  swabbing,  if  persisted  in  for  two  years,  are  highly  effective. 

It  is  not  easy  to  distinguish  these  three  North  American  species  of  Derma- 
centor,  and  though  the  locality  affords  some  clue,  the  only  safe  method  is  to 
refer  them  to  an  expert. 

Rhipicephalus.  Generally  inornate,  with  eyes  and  festoons  ; 

BASIS  HEXAGONAL,  SALIENT  LATERALLY  ;  VENTER  OF  MALE  WITH  TWO  PLATES, 
PROJECTING  POSTERIORLY,  ONE  ON  EITHER  SIDE  OF  THE  ANUS  AND  OFTEN  A 
SECOND  SMALLER  PAIR  EXTERNAL  TO  THEM  ;  SPIRACLE  COMMA-SHAPED. 

This  is  essentially  an  African  genus,  only  one  species,  R.  sanguineus ,  being 
at  all  widely  spread  outside  that  continent.  As  human  parasites  they  are 

unimportant,  but  several  are  pathogenic  on  domestic 
animals.  Among  them  are  : 

R.  appendiculatus,  which  communicates  to  cattle 
Theileria  parva,  the  cause  of  Rhodesian  or  East  Coast 
fever  in  Africa. 

R.  evertsi  (a  two-host  tick),  conveying  equine  piro- 
plasmosis  in  the  Transvaal. 

R.  bursa  (Mediterranean  region),  the  cause  of  an 
obscure  disease  known  as  ‘  carceag  ’  in  sheep. 

R.  sanguineus  found  on  many  animals  but  especially 
sanguineus ,  o*,x8.  "(After  the  dog,  and  therefore  become  practically  cosmopolitan 
Salmon  and  Stiles.)  in  warm  countries.  It  is  one  of  the  conveyors  of  canine 

piroplasmosis.  Men  handling  dogs  are  occasionally  bitten,  especially  by  the 
nymphs,  but  without  markedly  ill  effects  (fig.  145). 

Boophilus]  (the  Margaropus  of  American  authors).1  Inornate,  with 

EYES  BUT  WITHOUT  FESTOONS  ;  CAPITULUM  VERY  SHORT  WITH  TRANSVERSELY 
RIDGED  PALPS  ;  SPIRACLE  CIRCULAR  ;  MALE  WITH  FOUR  SUBEQUAL  ANAL  PLATES. 

Boophilus  attacks  cattle  in  many  parts  of  the  world  causing  bovine  piro¬ 
plasmosis  (P.  boms  =  bigeminum).  Though  several  species  have  been  described 
there  is  probably  only  one  with  slight  racial  variations.  They  are  one-host  ticks. 
As  human  parasites  they  are  negligible,  the  very  short  rostrum  rendering  their 
bite  not  at  all  formidable.  Attacks  on  man  have  very  rarely  been  recorded. 


Fig.  145.  Rhipicephalus 


Longirostrata. 

Hyalomma.  Diagnosis  of  this  small  genus  is  unnecessary,  as,  for  practical 
purposes,  we  are  concerned  only  with  a  single  species  : 


1  Margaropus  was  established  before  Boophilus,  but  the  best  European  arachnologists 
regard  the  form  described  as  Margaropus  as  specifically  distinct.  This  view  has  not  obtained 
currency  in  America. 
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H.  segyptium  (figs.  138  and  146),  a  large  species,  very  common  on  domestic 
animals  in  Africa,  Southern  Europe,  and  Asia  (especially  India).  The 
female  (about  7  mm.  unfed)  may  be  recognized  by  its  dark  brown  scutum  with 
bead-like  eyes  which  are  not  quite  marginal  as  in  other  ticks  but  inside  its 
contour.  The  male,  in  addition  to  the  anal  plates  of  Rhipicephalus ,  has  a  pair 
of  chitinized  points  posterior  to  them.  The  legs  are  generally  marked  with  white 
at  the  joints.  Replete  females  may  attain  20  x  18  mm. 

This  tick  is  not  proved  to  be  pathogenic,  but  it  is  suspected  of  conveying 
Nuttallia  equi ,  one  of  the  causes  of  biliary  fever  in  horses.  Cases  of  attack  on 
human  beings  have  been  recorded. 

The  only  other  Hyalomma  likely  to  be  met  with  is  H.  syriacum ,  the  common 
tortoise  tick  of  the  Mediterranean  region.  It  has  been  taken  on  man  in  Mace- 


Fig.  146.  Hyalomma  cegyptium,  Fig.  147.  Amblyomma  hebrceum ,  x  8. 

venter  of  male. 


donia  (1918).  The  male  is  recognizable  by  its  broad  anal  plates,  but  the  female 
is  hardly  to  be  distinguished  from  H.  cegyptium  except  by  an  expert.  Coxa  I 
is,  however,  distinctly  shorter. 

Amblyomma.  Generally  ornate,  with  eyes  and  festoons  ;  capitulum 
long  ;  male  without  ventral  armature  (figs.  139,  147,  148,  149).  There 
are  no  European  species  of  Amblyomma,  but  the  genus  is  fairly  well 
represented  in  America,  Asia,  and  Australia,  and  there  are  numerous  African 
forms,  one  of  which  is  pathogenic  to  cattle  and  sheep.  All  those  whose 
life-history  is  known  are  three-host  ticks.  Their  host-relationship  is  generally 
very  loose.  Many  of  their  males  are  beautiful  objects  under  the  microscope, 
the  scutum  bearing  an  intricate  design  in  colours — red,  yellow,  green,  and 
metallic  hues  prevailing. 

Relation  to  man.  Though  no  Amblyomma  is  known  to  be  pathogenic  to 
man,  the  long  rostrum  characteristic  of  the  genus,  the  loose  host-relationship, 
and  the  vast  numbers  of  individuals  occurring  together  have  combined  to  con¬ 
stitute  some  of  its  species  well  recognized  human  pests.  Their  bite  is  severe 
and  causes  great  irritation  and  inflammation,  especially  if  the  ticks  are  carelessly 
removed  and  the  capitulum  left  behind.  The  following  species  are  often 
troublesome  : 

A.  hebrseum  (fig.  147),  the  4  bont  tick  common  in  South  Africa  and 
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causing  in  sheep  and  cattle  the  disease  known  as  ‘  heart  water  ’.  The  larvae  swarm 
in  the  herbage  of  the  veldt  of  the  east  coast  of  Natal  and  Cape  Colony,  especially 
in  places  where  there  are  cattle,  and  travellers  find  them  4  a  veritable  scourge  \ 

A.  variegatum  (fig.  148),  a  closely  allied  species,  common  and  widely 
spread  in  Africa. 

A.  americanum,  the  ‘  lone  star  tick  ’  (from  the  vivid  white  spot  on  the  female 
scutum),  a  species  occurring  on  domestic  and  other  animals  over  a  wide  range 
in  America — from  Labrador  to  Brazil.  In  the  eastern  and  southern  states  of 
North  America  it  is  said  to  attack  man  more  often  than  any  other  species  of  tick. 

A.  cajennense  (fig.  149),  the  Cayenne  tick,  a  small  species  (male  about 
8-5  mm.,  unfed  female  about  4  mm.)  very  common  in  Central  America  and 

northern  South  America.  All  stages 
attack  horses,  mules,  etc.  (especially 
the  scrotum),  and  man,  and  all  stages 
have  been  kept  alive  unfed  for  more 
than  a  year.  This  tick  is  one  of  those 
most  often  complained  of  as  a  human 
pest.  The  only  locality  in  the  United 
States  where  it  is  troublesome  is  the 


Fig.  149.  A.  cajennense,  cP  and  $?,  x  4. 
(After  Hunter  and  Bishopp.) 

Rio  Grande  Valley  in  Texas.  Schwarz  and  Bishopp  found  it  a  serious  nuisance 
in  Mexico.  Newstead  says  of  Jamaica  4  it  is  the  greatest  pest  of  the  island  \  In 
Guatemala  the  immature  stages  are  known  as  4  mostacilla  ’  (from  mostaza  = 
mustard)  and  cattle  men  in  Venezuela  are  greatly  plagued  by  it. 


Fig.  148.  A.  variegatum ,  q71,  x  8. 


TICKS  KNOWN  TO  CARRY  DISEASES. 
(a)  Spirochaete  conveyors  : 

A.  persicus  (cosmopolitan), 

O.  moubata  (Africa) 

B.  decoloratus  .... 

(. b )  Piroplasma  conveyors  : 

I.  ricinus  (Europe,  Asia,  N.  America)  ^ 
H.  cinnabarina  v.  punctata  (Europe 
Asia)  .... 

H.  leachi  (Africa,  Asia,  Australia) 

R.  sanguineus  (cosmopolitan) 

R.  bursa  (Mediterranean  region) 

R.  appendiculatus  (Africa) 

R.  simus  (Africa)  . 

Boopliitus  spp.  (cosmopolitan) 

R.  evertsi  (Africa)  . 


conveying  S.  gallinarum  (  =S.  mar - 
chouxi) 

,,  S.  recurrentis  ( duttoni ) 

,,  S.  theileri 


:) 


5? 


P.  divergens 

P.  canis 
P.  ovis 
Th.  parva 
P.  bovis 

P.  equi  or  N.  equi  or  both 
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(c)  Conveyors  of  unknown  germs  : 

D.  venustus  (North  America)  .  communicating  Rocky  Mountain  spotted 

fever 

A.  hebrceum  (Africa)  .  .  .  Heart-water 

I.  ricinus  (Europe)  .  .  .  „  4  Louping  ill 

IDENTIFICATION  OF  TICKS. 

First  as  to  the  Argasidae,  which  are  readily  recognized  as  such  by  their 
leathery,  generally  granulated,  integument  and  the  absence  of  a  scutum.  They 
are  bug-like  in  habit  and  are  essentially  place-ticks,  only  to  be  found  in  the 
neighbourhood  of  their  hosts.  The  locality  will  be  a  useful  guide  to  the  probable 
species. 

Of  the  genus  Argas,  A.  persicus,  the  fowl  tick,  may  be  met  with  anywhere 
in  warm  climates.  In  Europe  and  North  Africa  A.  reflexus  may  occur  in  the 
neighbourhood  of  pigeons.  Travellers  in  Somaliland  may  find  themselves 
attacked  by  A.  brumpti. 

Of  Ornithodorus,  the  species  infesting  African  huts  is  almost  sure  to  be 
0.  moubata,  unless  perhaps  in  the  north,  where  it  may  prove  to  be  the  eyed 
species  0.  savignyi.  In  America,  0.  megnini  is  easily  recognized  by  its  invariable 
locality,  the  ear,  and  the  fact  that  it  is  the  very  characteristic  spiny  nymph 
which  is  always  found.  In  Mexico,  California,  and  neighbouring  regions,  the 
possibility  of  attack  by  O.  coriaceus  and  0.  turicata  must  be  taken  into  account. 

The  question  of  the  Ixodidae  is  more  complicated.  Unfortunately  it  is  the 
4  seed-ticks  5  or  larvae  which  most  often  attack  man,  and  these  are  always 
difficult  and  not  always  possible  of  identification  even  by  an  expert.  Adults 
of  A.  cajennense  habitually  attach  themselves  almost  as  freely  as  the  immature 
stages,  but  as  a  rule  adult  Ixodid  ticks  are  not  very  frequently  found  on  human 
subjects.  When  they  are  it  should  at  least  be  possible  for  the  ordinary  observer 
to  determine  the  genus,  when  the  field  will  at  all  events  be  circumscribed.  The 
following  notes  may  be  of  assistance  : 

If  the  scutum  is  variegated  with  white  or  coloured  markings,  the  genus  is 
almost  certain  to  be  either  Dermacentor  or  Amblyomma ,  but  the  former  belongs 
to  the  short-rostrumed  group,  and  the  latter  to  the  group  with  long  rostrum. 
In  the  Old  World  the  only  likely  Dermacentor  is  D.  reticulatus,  but  there  are 
several  possible  American  species,  three  of  which  are  briefly  treated  above. 

Amblyomma  larvae  are  very  likely  to  be  casually  picked  up,  and  an  occasional 
adult  may  be  found.  In  Africa  it  is  most  likely  to  be  either  A.  hebrceum  or 
A.  variegatum ,  but  there  are  many  other  species.  The  specially  troublesome 
American  species  are  A.  americanum  and  (in  Central  America,  the  West  Indies, 
and  South  America)  A.  cajennense,  of  which  specimens  of  the  highly  ornate 
adults  are  common  on  the  hands  of  travellers. 

If  the  tick  is  inornate — with  no  seutal  pattern — it  will  be  as  well  to  determine 
whether  or  not  eyes  are  present  on  the  borders  of  the  shield.  If  there  are  no 
eyes,  the  genus  is  either  Ixodes  or  H^emaphysalis,  and  these  are  easily  dis¬ 
tinguished.  Ixodes  has  a  long  capitulum  with  the  long  palps  narrow  at  article  2. 
The  capitulum  of  Hcemaphy satis  is  short  and  the  palps  conical — broadest  at 
article  2.  If  the  anal  groove  can  be  made  out  it  will  be  conclusive,  Ixodes  being 
- 4  prostriate  ’,  Hcemaphysalis  4  metastriate  ’. 

The  eyed  inornate  genera  are  Rhipicephalus,  Boophilus,  and  Hyalomma. 
Practically  the  only  two  species  of  Hyalomma  ( H .  cegyptium  and  H.  syriacum ) 
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belong  to  Africa,  S.  Europe,  and  Asia,  and  soon  become  familiar  (see  pp.  286-7). 
Rhipicephalus  has  a  short  capitulum  with  hexagonal  basis,  and  Boophilus  has 
the  palps  particularly  short  and  transversely  ridged.  For  rough  and  ready 
purposes  the  following  table  will  be  useful. 

1.  Scutum  variegated  with  white  or  coloured  markings 
Scutum  uncoloured  ..... 

2.  Capitulum  short  ;  4th  coxa  of  cf  enlarged 
Capitulum  long  ;  coxa  normal  . 

3.  Without  eyes  ...... 

With  eyes  ...... 

4.  Prostriate  ;  palps  long,  narrow  at  article  2 
Metastriate  ;  palps  conical,  broad  at  article  2 

5.  Palps  long  ;  eyes  within  the  scutal  margin . 

Palps  short  ;  eyes  marginal 

6.  Scutum  punctate  ;  o7'  with  outer  anal  plates  small  or  absent  Rhipicephalus 
Scutum  wrinkled  ;  palps  very  short ;  4  equal  anal  plates  in  o7'  Boophilus 


.  2 
.  3 

Dermacentor 
Amblyomma 
.  4 

.  5 

Ixodes 
II  cemap  hysalis 
Hyalomma 
.  6 


The  type  of  capitulum  characteristic  of  the  different  genera  is  indicated 
in  fig  150 


Fig.  150.  Diagrammatic  capitula  of  the  genera  :  (1)  Ixodes,  (2)  Ilcerna- 
j)hysalis,  (3)  Dermacentor,  (4)  Rhipicephalus,  (5)  Boophilus,  (6)  Hyalomma, 
(7)  Amhlyomma. 
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LICE  (ANOPLURA) 

BY 

LL.  LLOYD 

D.Sc.  Captain,  Royal  Army  Medical  Corps  (T.F.). 

DEFINITION. 

The  Anoplura  are  external  parasites  of  mammals,  passing  their  entire  lives 
upon  the  bodies  of  their  hosts.  They  are  small  wingless  insects,  flattened  dorso- 
ventrally,  and  with  leathery  skins.  The  legs  are  provided  with  strong  claws 
adapted  for  grasping  hair.  Their  sole  food  in  all  stages  is  blood  which  they 
obtain  by  piercing  the  skin  and  sucking  at  the  wounds  thus  made.  The  meta¬ 
morphosis  is  incomplete.  The  operculate  eggs  are  firmly  cemented  to  the  hairs 
of  their  host.  The  affinities  of  the  order  with  other  insects  are  obscure. 

The  species  infesting  man  all  belong  to  the  family  Pediculidae  which,  apart 
from  their  host,  may  be  distinguished  from  the  remaining  families  by  the 
following  combination  of  characters  :  the  eyes  are  large,  pigmented,  and 
prominent ;  the  antennae  are  five- jointed  ;  each  tibia  bears  a  protuberance 
against  which  the  claw  may  be  apposed  ;  there  is  no  tubular  prolongation  of 
the  head  anteriorly  ;  the  stabbing  organ  is  no  longer  than  the  head  ;  the  thorax 
bears  a  single  pair  of  spiracles. 

GEOGRAPHICAL  DISTRIBUTION. 

The  lice  of  man  appear  to  have  the  same  distribution  as  their  host,  but  the 
incidence  varies  greatly.  Tropical  climates  are  less  favourable  to  the  body-louse 
than  cold  and  temperate  ones  and  consequently  in  hot  countries  they  are  more 
numerous  in  high  altitudes  than  in  low  ones.  This  stricture  would  seem  to  apply 
less  to  the  head-louse.  Certain  habits  also  affect  the  incidence.  The  simple 
garments  of  tropical  peoples  are  unfavourable  to  the  body-louse,  and  the 
elaborate  permanent  coiffures  of  many  of  these  tribes  favour  the  head-louse. 
The  elimination  of  all  body  hair  which  some  tribes  practise  is  naturally  against 
the  crab-louse.  Generally  speaking,  lice  are  most  frequent  among  heavily 
clothed  dirty  peoples.  Exact  notes  as  to  their  occurrence  and  incidence  are 
scanty  and  it  is  hoped  that  these  will  be  more  fully  made  now  that  the  great 
importance  of  the  insects  has  been  proved. 

SPECIES  OF  IMPORTANCE  TO  MAN. 

Three  species  belonging  to  the  genera  Phthirus  and  Pediculus  infest  man. 
Pedicinus ,  the  third  genus  of  the  Pediculidse,  does  not  attack  him.  These  may 
be  distinguished  by  the  following  characters  : 

Phthirus  ;  fore  legs  slender,  remaining  legs  very  stout  with  blunt  claws  ; 
thorax  and  abdomen  fused  into  a  heart-shaped  mass  ;  the  first  three  pairs  of 
abdominal  spiracles  appear  to  lie  in  one  segment  ;  there  are  four  pairs  of  lateral 
protuberances  from  the  abdomen  bearing  long  hairs. 

P.  pubis  L.  ;  the  crab-louse  (fig.  151),  infests  the  hair,  especially  that  of  the 
pubic  and  perianal  region. 

Pediculus  ;  legs  nearly  equally  slender,  claws  all  sharp  ;  thorax  and  abdomen 
distinct ;  abdomen  elongated  with  the  spiracles  one  behind  the  other,  and  with 
no  lateral  protuberances. 
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P.  capitis  de  Geer  ;  the  head-louse  (fig.  152),  infests  the  hair,  especially  that 
of  the  head. 

P.  corporis  de  Geer  ( vestimenti  Nitzsch) ;  the  body-  or  clothes-louse,  a  rather 
more  robust  species  than  P.  capitis ,  infests  the  clothing  and  sometimes  the  hair 
of  the  body. 

These  two  species  are  morphologically  indistinguishable,  though  P .  capitis  is 
usually  more  slenderly  built  than  the  other.  They  are  generally  now  regarded  as 
biological  races  of  one  species  and  are  often  united  under  the  name  P .  humanus  L. 

Pedicinus  may  be  distinguished  from  the  foregoing  by  the  long  narrow 
head  and  by  the  character  of  the  antennae,  the  divisions  between  the  last  three 
joints  being  feeble.  The  known  species  infest  monkeys. 


Fig.  151.  Phthirus  pubis,  the  crab-louse,  Fig.  152.  Pediculus  capitis,  the  head-louse, 
female.  Cleared  preparation  showing  egg  in  male.  Cleared  preparation  showing  gut  dis- 
oviduct.  (Photo  by  J.  Bell.)  tended  with  blood.  (Photo  by  J.  Bell.) 

THE  STRUCTURE  OF  P.  HUMANUS. 

External  features.  The  adult  insect  (fig.  152)  measures  about  3-5  mm.  in  length. 
The  skin  is  leathery  and  sparsely  clothed  with  fine  hairs.  The  general  colour  is 
pale  grey  with  a  varying  development  of  sepia-coloured  chitinized  plates.  The 
lice  of  dark-skinned  races  are  darker  than  those  of  pale  people,  but  the  colour 
may  vary  greatly  in  different  individuals  of  the  same  stock.  The  gut  contents 
show  red  or  black  through  the  body  wall. 

The  head  is  bluntly  pointed  in  front  and  rounded  behind.  It  is  connected 
with  the  thorax  by  a  narrow  neck  with  considerable  power  of  movement.  The 
antennae  are  five- jointed  and  simple,  bearing  a  few  short  hairs.  The  eyes  are 
fairly  prominent,  heavily  pigmented,  and  situated  at  the  widest  part  of  the  head. 
They  are  not  facetted.  The  mouth  opening  is  at  the  tip  of  the  head  and  is 
surrounded  by  a  ring  of  pliable  tissue  incomplete  ventrally  and  called  the 
haustellum.  The  gap  below  is  closed  in  by  a  lower  lip.  The  haustellum  is  armed 
with  recurved  teeth  which  lie  on  its  inner  surface  when  it  is  retracted.  From 
the  mouth  lead  back  two  channels,  of  which  the  dorsal  one  is  the  food  channel 
and  passes  into  the  pharynx.  The  ventral  one  is  blind  behind  and  contains  the 
retractile  stabbing  organ. 
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According  to  Peacock  the  stabbing  organ  is  composed  of  a  dorsal  and  a 
ventral  stabber  between  which  the  salivary  pipe  passes.  The  ventral  stabber 
is  composed  of  two  elements,  a  dorsal  and  a  ventral  one,  which  are  fused  together 
for  about  half  their  length  anteriorly.  Posteriorly  each  bifurcates.  The  dorsal 
stabber  is  composed  of  two  lateral  elements  fused  along  the  greater  part  of  their 
length  and  diverging  posteriorly.  Each  of  these  elements  is  gutter  shaped  with 
the  concavities  facing  dorsally.  The  muscles  from  the  six  rami  of  the  stabber 
elements  all  unite  in  a  common  point. 

The  thorax  is  flattened  dorso-ventrally  and  widens  out  from  before  backwards. 
There  is  a  single  pair  of  spiracles  which  are  situated  on  the  mesothorax.  The 
legs  are  stout  and  five- jointed.  In  the  male  the  first  pair  is  larger  than  in  the 
female.  The  penultimate  joint  or  tibia  of  each  leg  has  a  thumb-like  process  against 
which  the  strongly  developed  tarsal  claw  may  be  apposed,  and  by  this  means  the 


Fig.  153.  Diagram  of  anatomy  of  female  Pediculus  humanus. 

Alimentary  system,  h.  haustellum  ;  pp.  pumping  pharynx  ;  ph.  pharynx  ; 
ce.  oesophagus  ;  r.l.g.  right  lobe  of  gut  (left  lobe  not  shown)  ;  f.g.  fore  gut  ; 
s.c.  special  cells  ;  m.t.  Malpighian  tubules  ;  h.g.  hind  gut ;  r.  rectum,  b.s.g.  bifur¬ 
cated  salivary  gland  ;  k.s.g.  kidney-shaped  salivary  gland  ;  s.d.  salivary  ducts  ; 
s.p.  salivary  pipe  ;  st.  stabbing  organ  ;  st.s.  stabber  sac  ;  p.g.  Pawlowsky’s  gland. 

Reproductive  system,  ov.  right  ovary  with  developing  eggs  ;  od.  median 
oviduct;  e.  mature  egg;  c.  cement;  c.g.  cement  gland  ;  v.  vagina  ;  gp.gonopod. 
Nervous  system,  b.  brain  ;  t.g.  thoracic  ganglion. 

powerful  grip  of  the  louse  is  obtained.  On  the  flexor  surface  of  the  femur  of  the 
third  leg,  in  the  female,  there  is  a  blunt  protuberance  which  is  absent  in  the  male. 

The  abdomen  is  elongated,  ovoid  in  shape,  and  is  composed  of  nine  segments. 
It  bears  six  pairs  of  spiracles  which  are  situated  laterally  on  the  third  to  the 
eighth  segments.  In  the  female  the  last  segment  is  bifid,  while  in  the  male  it 
ends  in  a  single  rounded  point.  The  genital  armature  of  the  male  consists  of  an 
inverted  pouch  which  bears  a  strongly  chitinized  pointed  organ,  the  dilator 
vaginae,  and  a  small  inconspicuous  penis. 

Internal  structure  (fig.  153) 

Digestive  system.  From  the  mouth  opening  a  channel,  which  lies  above  the 
stabber  sac,  carries  the  blood  to  the  pumping  pharynx.  This  leads  into  a  second 
pharynx  from  which  a  fine  oesophagus  runs  to  the  capacious  fore  gut.  The 
fore  gut  has  two  lobes  which  lie  forwards  on  each  side  of  the  oesophagus.  A  short 
distance  from  its  anterior  end  there  is  an  oval  group  of  large  specialized  cells 
situated  in  the  ventral  wall.  These  may  be  readily  seen  through  the  body  wall 
of  a  young  well-fed  louse.  The  fore  gut  narrows  backwards  to  form  the  hind  gut 
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into  which  open,  separately,  the  four  Malpighian  tubules.  The  hind  gut  turns 
forwards  and  then  backwards  again  thus  forming  a  single  S-shaped  loop.  The 
rectum  is  marked  by  a  swollen  portion  bearing  six  chitinized  rectal  plates  and 
from  this  runs  a  short  course  to  the  anus. 

There  are  two  pairs  of  salivary  glands.  One  pair  are  kidney  shaped  and  lie 
one  on  each  side  of  the  oesophagus  between  the  lobes  of  the  fore  gut.  Each  is 
surrounded  by  a  grape-like  cluster  of  special  cells.  The  second  pair  are  elongated 
bifurcated  organs  and  lie  on  the  anterior  lobes  of  the  fore  gut.  The  four  ducts 
from  these  glands  run  independently  to  the  base  of  the  stabber  sac  and  there 
unite  into  a  salivary  pipe  which  carries  their  secretion  down  the  tube  formed 
by  the  stabber  elements. 

Pawlowsky’s  glands  are  small  organs  of  unknown  function  situated  above 
the  stabber  sac  into  which  they  pour  their  secretion. 

Reproductive  organs.  Female.  There  are  two  ovaries,  each  of  which  consists 
of  five  ovarian  tubes  prolonged  anteriorly  into  filaments  which  unite  together. 
The  developing  eggs  cause  conspicuous  swellings  on  the  tubes.  The  two  ovaries 
lead  into  a  median  oviduct  into  which  the  eggs  pass  in  succession  and  receive 
the  mass  of  cement  which  pours  into  the  oviduct  from  large  paired  cement 
glands.  No  spermathecae  have  been  described. 

Male.  The  testes  are  a  pair  of  bilobed  organs  situated  in  the  anterior  part 
of  the  abdomen.  Each  lobe  is  pear  shaped  and  the  two  are  attached  by  their 
broad  bases  to  a  common  vas  deferens  which  passes  to  the  receptacula  seminis. 
These  are  capacious  tubes  doubled  on  themselves  and  running  side  by  side  to 
their  junction,  from  which  passes  a  fine  duct  to  the  penis.  At  the  free  end  of  each 
receptaculum  where  the  vas  deferens  enters,  is  a  globular  accessory  gland. 

LIFE  HISTORY  AND  BIONOMICS  OF  LICE. 

I.  The  body-louse. 

Development.  The  egg  (fig.  154)  is  ovoid  and  about  1  mm.  in  length.  The 
anterior  end  is  truncated  and  closed  by  an  operculum  marked  by  an  asymmetrical 
group  of  nodules  through  which  air  percolates.  It  is  firmly  attached  by  a  mass  of 
cement  which  surrounds  its  base  to  a  hair  or  fibre  of  cloth.  It  is  greyish  white 
and  somewhat  translucent  when  newly  laid,  but  becomes  more  opaque  as 
development  proceeds.  An  egg  from  which  the  larva  has  emerged  appears  an 
intenser  white  and  the  operculum  is  missing.  The  egg  hatches  in  about  eight 
or  ten  days  when  kept  in  continual  contact  with  the  body. 

According  to  Nuttall  the  young  louse  when  about  to  emerge  passes  air  through 
its  body  into  the  egg  behind  it,  thus  forcing  itself  forward  till  the  operculum 
is  pushed  up  and  it  is  able  to  grasp  surrounding  objects  and  draw  itself  free. 

In  shape  the  larva  much  resembles  the  adult,  but  the  head  and  legs  are  larger 
in  proportion  to  the  size  of  the  insect  and  the  hairs  are  much  longer.  It  is  white 
in  colour  and  about  the  size  of  a  pin’s  head.  It  feeds  at  once  and  continues  to  do 
so  at  intervals  for  three  days,  when  it  moults  for  the  first  time.  In  the  moulting 
process  the  old  skin  splits  along  the  dorsal  surface  of  the  thorax  and  the  top  of 
the  head,  and  the  louse  forces  itself  up  and  creeps  out  of  the  old  skin.  It  is  now 
a  nymph,  or  second-stage  larva,  and  in  this  stage  it  continues  to  live  for  two  days 
before  moulting  again  and  becoming  the  second-stage  nymph,  or  third-stage 
larva.  In  this  stage  it  lives  for  three  days  and  then  undergoes  its  final  moult 
and  becomes  adult,  showing  for  the  first  time  the  external  evidences  of  its  sex. 
The  time  of  development  from  the  laying  of  the  egg  to  the  attainment  of  the 
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adult  condition  thus  occupies  about  seventeen  days,  but  this  period  is  prolonged 
by  the  temporary  separation  of  the  louse  from  the  body,  as  when  garments  are 
put  off  at  night.  The  egg  stage  has  been  prolonged  to  thirty-five  days  by 
artificial  cooling.  The  total  active  life  of  the  louse  is  about  forty  days. 

Fertilization.  Coitus  is  of  repeated  occurrence.  The  male  creeps  under  the 
female  till  the  ends  of  the  bodies  are  in  apposition.  According  to  Nuttall  the 
vagina  is  then  dilated  by  the  pointed  chitinous  dilator  vaginae  of  the  male  and 
the  inverted  pouch  is  everted  into  the  vagina  and  fertilization  is  effected. 

Oviposition.  The  female  lays  eggs  whether  fertilized  or  not,  but  unfertilized 
eggs  shrivel  up  and  dry.  It  commences  to  oviposit  the  day  after  it  becomes 
adult  and  continues  to  lay  eggs  at  the  rate  of  about  ten  a  day  for  about  thirty 
days.  There  is  a  tendency  for  it  to 
return  to  the  same  spot  to  lay,  so 
that  the  eggs  are  usually  found  in 
clusters.  They  are  laid  on  any 
article,  either  inner  or  outer,  and 
not  infrequently  on  the  hair  of  the 
body.  Though  rough  cloth  is  pre¬ 
ferred  to  smooth  it  will  lay  eggs  on 
silk  in  the  absence  of  more  suitable 
material.  In  oviposition  a  hair  or 
fibre  of  cloth  is  grasped  by  the 
gonopods  and  the  direction  in  which 
the  egg  will  lie  is  thus  decided. 

When  a  hair  is  the  basis  the  result 
is  that  the  long  axis  of  the  egg  is 
parallel  to  the  hair  and  accidental 
dislodgement  is  unlikely. 

Feeding.  The  body-louse  feeds 
from  four  to  six  times  a  day  and 
prefers  to  do  so  while  its  host  is  at 
rest,  since  it  clings  to  the  cloth 
while  it  feeds  and  slight  movement 
would  dislodge  its  mouth.  In  feeding 
the  louse  places  its  mouth  against 
the  body  and  the  haustellum  is 
thrust  forward  so  that  the  teeth,  which  arm  it  on  the  inside,  are  everted  and 
grip  the  skin.  An  air-tight  chamber  is  thus  formed  and  into  the  area  enclosed 
the  stabbing  organ  is  thrust.  Salivary  fluid  flows  down  the  salivary  pipe  into 
the  wound  and  after  a  short  time  the  pumping  pharynx  begins  to  work  with 
a  flickering  movement  and  blood  is  drawn  up  past  the  stabber.  Meanwhile, 
active  peristaltic  movements  of  the  gut  churn  its  contents  to  and  fro  and  mix 
tfie  fresh  blood  with  the  residue  of  the  previous  meal.  The  gut  is  thus  never 
completely  emptied.  The  feed  is  protracted  and  may  last  half  an  hour  or  more. 

Defsecation.  As  repletion  is  approached  the  louse  generally  begins  to 
defcecate.  The  excreta  are  semifluid  as  they  leave  the  anus  but  dry  very  rapidly 
and  fall  from  the  louse  in  granular  fragments.  Occasionally  masses  of  blood 
cells,  drained  of  serum,  are  passed  out.  The  excreta  (fig.  155)  in  bulk  have  the 
appearance  of  finely  ground  coffee  and  are  composed  of  rough  black  amorphous 
granules  and  smooth  reddish  pieces.  They  may  be  seen  sticking  to  the  fibres 
of  lousy  garments  and  sometimes  as  dirty  brown  patches  on  the  skin  where  they 


oyvccvjL 


Fig.  154.  Egg  of  body-louse  attached  to  fibres 
of  cloth  (  x  50).  (After  Lloyd.) 
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have  dissolved  in  the  sweat.  The  louse  is  not  liable  to  foul  its  own  bite  with 
its  excreta  but  may  sometimes  bite  through  such  dissolved  patches.  An  adult 
louse  given  two  full  meals  a  day  and  kept  at  30°  C.  extrudes  about  0-24  mgm.  of 
excreta  in  the  twenty-four  hours.  The  excreta  play  an  important  part  in  the 
transmission  of  typhus  and  trench  fever. 

Distribution  on  clothing  and  person.  The  body-louse  frequents  most  those 
parts  of  the  clothing  against  which  the  skin  presses  closely,  in  correlation  with  its 
feeding  habits.  It  is  sometimes  found  among  the  body  hair  on  which  its 
eggs  are  often  seen,  but  rarely  on  the  skin  apart  from  this.  It  has  also  the 
habit  of  gathering  gregariously  in  folds  and  seams  of  the  clothing  and  the  eggs 
are  very  frequently  to  be  found  in  these  positions,  especially  about  the  fork 
of  the  trousers.  Brumpt  records  the  body-louse  in  large  numbers  on  the  bead 
necklaces  of  otherwise  naked  peoples. 

Dissemination.  Dwellings  are  not  infested  by  lice  as  they  are  by  fleas  and 
bugs,  since  the  louse  has  no  normal  life  apart  from  its  host  and  starves  to  death 
if  long  separated  from  him.  The  rate  of  starvation  depends  on  the  temperature. 
At  30°  C.  they  die  on  the  second  day,  at  20°  C.  they  may  survive  a  week,  while 
at  still  lower  temperatures  they  have  been  known  to  live  ten  days,  the  maximum 
period,  without  food.  Lice  which  have  become  detached  from  their  host  find 


Fig.  155.  Sewing-cotton  fouled  by  louse  excreta  ( x  30). 

(After  Lloyd.) 


a  fresh  one  mainly  by  chance  contact,  so  that  a  congested  population  favours 
their  spread.  Lice  become  detached  from  their  host  under  the  following  con¬ 
ditions  :  (1)  By  migrating  under  warm  surroundings,  e.g.  in  bed  and  in  warm 
rooms.  (2)  By  migrating  when  their  host  dies.  (3)  By  migrating  in  large 
numbers  when  their  host  has  fever.  It  has  been  proved  (Lloyd  and  Byam)  that 
the  migration  of  lice  in  bed  is  doubled  by  a  rise  in  body  temperature  to  100°  F., 
migration  increasing  as  the  temperature  rises.  (4)  By  leaving  discarded  garments. 
The  majority  remain  on  the  garments  but  some  migrate  under  warm  conditions. 
(5)  By  accidental  dislodgement. 

The  methods  by  which  a  person  can  become  infested  may  be  summarized 
as  follows  :  (1)  By  acquiring  a  stray  louse.  (2)  By  sleeping  with,  or  otherwise 
coming  in  close  contact  with,  an  infested  person.  (3)  By  sleeping  in  a  bed 
previously  occupied  by  an  infested  person.  (4)  By  wearing  a  garment  rejected 
by  an  infested  person,  either  if  it  has  not  been  treated,  or  if  it  has  been  laundered 
but  not  properly  disinfested. 

Infestation.  Very  heavy  cases  of  infestation  have  often  been  recorded, 
especially  among  troops  under  active  service  conditions.  Many  thousand  lice 
are  sometimes  found  on  the  garments  of  a  single  person.  The  factors  which 
produce  such  a  condition  are  the  prolonged  wearing  of  the  same  garments  and 
the  habit  of  sleeping  in  the  day  clothing.  These  habits  are  forced  upon  soldiers 
in  the  field  and  upon  the  civil  population  during  periods  of  stress,  such  as  famines, 
when  clothing  and  soap  become  scarce  and  costly.  They  are  also  the  habits 
of  primitive  peoples  and  of  the  tramp  class  in  civilized  countries.  Lice  increase 
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in  winter  owing  to  the  wearing  of  clothing  being  more  prolonged  in  that  season. 
Cases  are  on  record  of  very  protracted  slight  infestation  stretching  over  months 
and  years,  in  spite  of  regular  baths  and  frequent  changes  of  underclothing. 
These  are  due  to  some  constant  source  of  fresh  infestation  ;  to  the  lice  breeding 
unnoticed  in  the  body  hair  ;  to  the  fact  that  some  garment  such  as  a  body  belt 
or  stays  is  not  changed  ;  or  because  the  lice  are  constantly  present  on  the  outer 
garments. 

II.  The  head-louse. 

Bacot  showed  that  this  louse  will  interbreed  with  P.  corporis ,  but 
many  of  the  offspring  are  hermaphrodite.  Apart  from  its  slighter  build 
there  is  no  morphological  character  which  serves  to  dis  tinguish  it  from  the 
latter  in  any  of  its  stages.  The  distinguishing  features  between  the  two 
lie  in  their  habits,  P.  capitis  fre¬ 
quenting  the  hair  of  the  head  and 
body.  The  most  common  habitat 
is  the  hair  of  the  head  and  it  fre¬ 
quents  the  sides  and  back  rather 
than  the  front  and  top.  It  is  most 
commonly  found  on  children  and 
old  people.  In  the  tropics  it  is  of 
more  common  occurrence  than  the 
body-louse,  and  this  is  true  also  of 
temperate  civilized  countries,  ex¬ 
cept  under  the  special  circum¬ 
stances  which  lead  to  the  increase 
of  the  latter.  Infestation  is  often 
so  heavy  in  badly  neglected  cases 
that  the  head  appears  to  be  a 
moving  mass  of  lice  and  extensive 
suppurating  sores  are  formed  in 
which  flies  have  been  known  to 
oviposit,  with  disastrous  results 
when  the  maggots  start  to  feed. 

The  eggs  or  nits  are  laid  on  the 
hairs  near  their  bases,  but  the  empty  shells  may  be  found  a  considerable 
distance  from  the  skin  owing  to  the  subsequent  growth  of  the  hair.  In  captivity 
this  louse  will  oviposit  on  cloth,  though  it  shows  a  preference  for  hair,  and 
doubtless  in  nature  it  sometimes  lays  its  eggs  in  hats  or  in  garments. 

Allowing  for  the  different  habits,  this  louse  spreads  in  much  the  same  way 
as  does  the  body-louse.  The  cloakroom  system  in  schools  where  several  hats 
are  often  hung  on  the  same  peg  necessarily  aids  its  spread,  and  it  may  be 
disseminated  by  means  of  shed  hairs  carrying  the  eggs. 

III.  The  crab-louse. 

This  louse  is  readily  distinguished  from  the  other  species  infesting  man  by 
the  characters  given  above.  Its  habitat  is  usually  the  hair  of  the  pubis  and 
perianal  region,  but  it  has  also  been  recorded  from  the  axillse,  the  general  body 
hair,  the  beard  and  moustache,  the  eyebrows  and  eyelashes.  Neave  has  recorded 
it  from  dogs  in  Nyasaland — an  important  observation. 

The  egg  (fig.  156)  is  distinct  from  that  of  P.  humanus.  The  operculum  is 


Fig.  156.  The  egg  of  Phthirus  pubis  on 
pubic  hair,  x  40.  (Photo  by  J.  Bell.) 
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more  conical  and  is  symmetrically  covered  by  prominent  rounded  nodules.  The 
amount  of  cement  which  fixes  it  to  the  hair  is  more  profuse  and  extends  con¬ 
siderably  below  the  base  of  the  egg.  According  to  Nuttall  the  eggs  hatch  in 
from  six  to  eight  days  and  the  young  louse  moves  at  once  to  the  base  of  the  hair 
and,  grasping  this  hair  alone,  begins  to  feed.  It  does  not  withdraw  its  mouth 
parts  but  continues  to  feed  intermittently  in  a  tick-like  manner  for  about 
five  days.  It  moults  three  times  and  after  the  first  moult  it  grasps  two  hairs 
with  the  legs  of  the  opposite  sides.  It  continues  to  take  protracted  meals  but 
moves  a  short  distance  occasionally.  The  growth  from  egg  to  adult  occupies 
about  a  fortnight,  and  the  female  lays  about  two  eggs  a  day  for  another  fort¬ 
night.  The  skin  under  the  infested  hair  becomes  very  filthy  owing  to  the 
excreta  dissolving  in  the  sweat. 

This  louse  spreads  from  one  sex  to  the  other  during  coitus,  but  it  may  also 
be  picked  up  in  latrines  or  by  wearing  garments  previously  worn  by  an  infested 
person.  Nuttall  considers  that  dissemination  is  by  the  egg  rather  than  by  the 
active  forms  of  the  louse.  Pubic  hairs  are  being  constantly  shed  and  work 
slowly  out  of  the  general  entanglement,  while  the  habit  of  almost  constantly 
feeding  would  make  the  louse  release  its  grip  on  a  loose  hair.  Moreover,  except 
as  a  larva,  the  louse  always  grasps  two  hairs  and  both  are  unlikely  to  become 
loose  together.  The  eggs,  however,  remain  attached  to  such  loose  hairs,  and 
the  crinkled  shape  of  the  hairs  renders  them  liable  to  become  entangled  in  other 
hair  or  in  garments.  In  this  way  fresh  infestation  may  be  commenced.  The  hairs 
are  particularly  liable  to  be  shed  at  latrines  as  the  change  of  temperature 
causes  the  bites  to  itch  and  the  moment  for  scratching  is  opportune. 

PATHOLOGICAL  EFFECTS  AND  RELATION  TO  DISEASE. 

The  irritation  caused  by  lice  varies  enormously  in  different  individuals,  and 
complete  immunity  to  all  sensation  from  their  bites  may  be  natural  or  acquired. 
Crab-lice  are  not  known  to  convey  disease  but  may  cause  a  simple  fever,  which 
disappears  at  disinfestation,  and  their  bites  may  also  cause  a  blue  coloration 
of  the  skin,  extensive  or  localized.  The  bites  of  the  body-louse  may  cause  local 
or  extensive  flushing  of  the  skin.  There  may  be  small  rose  spots  disappearing 
and  reappearing  for  a  day  or  two  and  itching  spasmodically.  The  bites  may 
also  result  in  small  white  hard  lumps  or  watery  blisters,  like  herpes  vesicles, 
collapsing  ultimately  to  form  bronze  scabs.  Sometimes  bronzing  of  the  skin  is 
extensive  (Vagabond’s  disease)  and  sometimes  localized,  simulating  the  appear¬ 
ance  in  Addison’s  disease. 

Scratching  the  bites  may  cause  them  to  suppurate  and  the  fingers  carry  the 
infection  from  sore  to  sore.  Eczema  with  consequent  glandular  trouble  is 
often  the  result  of  head-lice  in  children.  Insomnia,  and  neurasthenia,  are  also 
sometimes  the  effect  of  infestation. 

In  addition  to  these  direct  results  of  infestation  P.  Jmmanus  has  also  been 
accused  of  being  the  vector  of  a  number  of  diseases,  in  some  cases  on  insufficient 
evidence.  It  is  known  that  it  can  carry  ophthalmia  mechanically  by  fouling 
itself  with  the  discharge  from  the  eye.  The  main  danger  of  both  the  body-louse 
and  the  head-louse  is  that  they  are  the  invertebrate  hosts  of  the  virus  of  typhus 
fever,  trench  fever,  and  of  relapsing  fever,  except  in  Central  Africa,  where  the 
spirochsete  of  the  last  disease  is  carried  by  ticks. 

Typhus  fever  is  caused  by  the  bites  of  the  infected  lice  and  the  virus  is  also 
contained  in  the  excreta  and  may  be  inoculated  by  scratching.  The  excreta  of 
trench  fever  carrying  lice  are  always  infective  and  the  normal  mode  of  infection 
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is  through  the  inoculation  of  this  material  by  scratching.  Occasionally  the 
infection  may  take  place  through  the  bite  of  the  louse.  In  relapsing  fever  the 
spirochsetes  multiply  in  the  body  cavity  of  the  louse  and  are  set  free  and  inoculated 
when  the  louse  is  crushed  over  an  abrasion  or  mucous  membrane. 

PROPHYLAXIS. 

From  the  knowledge  acquired  during  the  last  few  years  we  are  able  to  say 
that  any  epidemic  of  a  louse-borne  disease  may  be  rapidly  aborted  by  the 
systematic  destruction  of  lice.  The  louse  has  no  normal  life  apart  from  its 
particular  host  and  may  therefore  be  made  the  subject  of  complete  control. 

Special  preventive  measures  will  appeal  only  to  those  who  by  their  circum¬ 
stances  are  particularly  liable  to  acquire  lice.  The  general  methods  of  prevention 
are  those  habits  which  have  already  been  acquired  by  the  educated  classes  of 
civilized  communities,  i.  e.  the  care  of  the  hair,  frequent  baths,  changes  of  under¬ 
clothing,  and  the  discarding  by  night  of  all  the  day  clothing.  The  growth  of 
these  habits  had  practically  abolished  louse-borne  disease  from  Western  Europe 
before  the  war.  Even  where  lice  abound  the  person  who  keeps  the  hair  of 
his  head  and  body  cropped  close,  wears  long  drawers,  and  indulges  in  a  weekly 
change  of  underclothing  and  baths  is  unlikely  to  become  infested  even  though 
he  may  acquire  a  stray  louse  occasionally.  The  wearing  of  long  drawers  will 
largely  confine  the  eggs  to  the  garments  which  are  regularly  changed.  The 
general  adoption  of  these  simple  rules  means  the  abolition  of  lice. 

The  destruction  of  lice  is  called  disinfestation.  It  may  be  dealt  with  under 
the  following  headings  :  (1)  Disinfestation  of  the  person  ;  (2)  Disinfestation  of 
clothing  ;  (3)  Organized  disinfestation  ;  (4)  Special  precautions  during  epidemics. 

1.  Disinfestation  of  the  person. 

Insecticides  and  repellants.  These  are  not  very  satisfactory  for  body-lice. 
Bacot  showed  that  the  wearing  of  belts  or  sachets  impregnated  with  louse- 
repelling  substances  exercises  an  effect  limited  to  their  immediate  neighbour¬ 
hood.  It  is  therefore  necessary  to  impregnate  the  entire  covering  of  the  body 
with  such  a  substance  in  order  to  receive  full  benefit.  Substances  which  have 
been  found  effective  are  greases  and  oils,  creosote,  N.C.I.  powder  (Naphthalene 
with  Creosote  2  per  cent,  and  Iodoform  2  per  cent)  and  naphthalene  paste 
(crude  unwhizzed  naphthalene  from  the  coke  oven  4  parts,  soft  soap  1  part ; 
Bacot  and  Copeman).  Powders  are  less  satisfactory  than  fluids  or  greases  as 
full  impregnation  is  difficult  with  them.  Pomades  and  greases  are  of  benefit 
against  lice  in  hair,  some  essential  oil  such  as  sassafras  being  added  with 
advantage.  In  this  connexion  the  habits  of  many  primitive  tribes  of  anointing 
their  heads  and  bodies  with  castor  oil  or  fat  may  be  noted.  The  origin  of  the 
custom  is  doubtless  as  a  preventive  against  lice,  which  are  suffocated  by  any 
grease. 

Treatment  of  infested  hair.  Infested  body  hair  should  be  removed  and 
that  of  the  head  should  be  cropped  close  unless  for  some  special  reason  this  is 
not  desired.  It  is  possible  to  free  a  head  from  lice  by  combing,  though  the 
process  is  tedious  and  has  usually  to  be  repeated.  The  hair  should  first  be 
washed  thoroughly  with  vinegar  to  loosen  the  nits  and  then  combed  by  means 
of  a  fine  comb  dipped  repeatedly  in  hot  water  to  keep  it  heated.  The  advantage 
of  the  heat  is  that  it  makes  the  insects  restless  and  brings  them  from  the  skin. 
(Howlett.)  During  the  process  the  head  should  be  held  over  a  sheet  of  newspaper 
which  should  subsequently  be  burnt.  Alternatively  the  hair  may  be  saturated  with 
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paraffin  oil  (kerosene)  to  which  is  added  a  little  oil  of  sassafras,  covered  with 
a  rubber  cap,  and  at  the  end  of  half  an  hour  washed  with  warm  soap  and  water 
and  then  combed.  Pomades  or  mercurial  ointment  may  be  used,  but  their 
application  has  usually  to  be  repeated  several  times  and  the  latter  may  be 
dangerous  in  inexperienced  hands. 

It  is  of  importance  to  remember  that,  in  dealing  with  infested  heads  or 
body  hair,  the  hat  or  the  clothing  respectively  should  be  treated  by  heat  or 
solution  contemporaneously.  If  this  precaution  is  not  taken  immediate  rein¬ 
festation  may  be  the  result.  The  hair  brush  should  be  treated  with  hot  lysol, 
2  per  cent. 

2.  Disinfestation  of  clothing. 

Clothing  and  blankets  may  be  treated  by  solution  or  by  heat.  Fumigation 
by  sulphur  is  sometimes  used,  but  has  nothing  to  recommend  it  as  it  is  costly, 
slow,  and  unreliable.  Fumigation  by  formaldehyde  is  useless. 

Treatment  by  solution.  Soaking  infested  garments  in  2  per  cent  solutions 
of  lysol  or  cresol  emulsion  for  30  minutes  renders  them  safe  provided  that  the 
temperature  of  the  solution  is  not  below  40°  C.,  i.  e.  hot  to  the  hand.  At  lower 
temperatures  though  the  nits  are  all  killed  some  of  the  lice  are  liable  to  survive. 
This  treatment  has  the  advantage  that  it  may  be  used  for  articles  such  as 
brushes  which  greater  heat  would  damage.  It  has  the  further  advantage  that 
it  renders  the  virus  of  infective  louse  excreta  harmless  and  is  therefore  of  use  in 
hospitals.  For  wholesale  disinfestation  the  method  does  not  compete  with  heat. 

Treatment  by  heat.  The  most  convenient,  certain,  and  economical  method 
of  louse  destruction  is  by  means  of  heat.  The  heat  used  may  be  either  hot  air 
or  steam,  but  where  louse-borne  disease  prevails  the  latter  should  be  employed 
whenever  possible  as  its  disinfecting  power  is  greater  than  that  of  hot  air  at 
the  same  temperature.  Dry  heat,  on  the  other  hand,  has  the  advantage  that  it 
is  less  liable  to  damage  woollen  articles  and  leather,  and  that  garments  treated 
by  it  may  be  comfortably  worn  on  removal  from  the  chamber  (p.  216). 

Isolated  lice  and  their  eggs  are  quickly  killed  by  a  relatively  low  degree  of 
heat.  Exposure  to  hot  air  at  a  temperature  of  65-70°  C.  for  one  minute,  or  of 
58-61°  C.  for  ten  minutes,  is  enough  to  kill  them  (Nuttall).  Immersion  of  an 
infested  garment  for  a  few  seconds  in  boiling  water  renders  it  safe.  In  practice 
it  is  necessary  to  allow  a  longer  period,  since  the  penetration  of  the  heat  through 
a  mass  of  clothing  is  slow.  This  period  of  course  varies  with  the  type  and  size 
of  the  heating  chamber  and  with  the  amount  of  the  load.  It  is  therefore  difficult 
to  give  any  exact  standard  of  time  and  temperature  for  routine  work  in  general 
terms.  The  eggs  are  more  resistant  to  heat  than  the  lice  and  a  knowledge  of 
their  appearance  when  killed  is  useful.  Eggs  killed  by  dry  heat  turn  brown 
and  collapse,  those  killed  by  steam  are  opaque  and  intense  white  while  still 
moist.  Later  these  too  collapse  on  drying. 

Almost  any  of  the  disinfectors  such  as  the  Thresh,  the  principle  of  which 
is  that  steam  is  supplied  under  pressure,  make  effective  disinfestors.  They 
are,  however,  small,  and  their  cost  makes  it  impossible  to  supply  them  in  such 
quantities  as  are  necessary  for  dealing  with  large  bodies  of  infested  people, 
such  as  troops  in  the  field.  They  are  also  needlessly  elaborate  since  pressure 
in  the  chamber  is  not  necessary  and  it  is  quite  possible  to  improvise  small 
disinfestors  at  so  small  a  cost  that  their  numbers  may  be  multiplied  indefinitely, 
or  larger  ones  at  a  cost  which  is  low  in  proportion  to  the  load  they  will  take. 
Some  of  these  improvisations  which  have  proved  efficient  will  be  described  below. 


LICE  (ANOPLURA) 


301 


The  Serbian  barrel  consists  of  an  ordinary  sixty-gallon  wine  barrel,  the 
bottom  of  which  is  perforated  with  holes.  A  little  way  above  the  bottom 
a  wooden  or  wire  grid  is  constructed  on  which  the  articles  to  be  treated  may 
rest.  The  lid  is  made  tight  fitting,  and  when  in  place  is  weighted  down  with 
stones.  The  boiler,  which  may  be  constructed  from  a  metal  drum,  is  placed 
in  a  trench  with  the  furnace  below  so  that  the  bottom  of  the  barrel  resting 
on  it  is  level  with  the  ground.  Whatever  form  the  boiler  takes  it  is  of 
importance  that  it  should  provide  as  great  an  evaporating  surface  of  water  as 
the  area  of  the  bottom  of  the  barrel.  Between  the  barrel  and  boiler  is  a  sand¬ 
bag  collar  to  prevent  the  escape  of  steam.  The  load  consists  of  the  equivalent 
of  seven  blankets  or  four  soldiers’  kits.  The  time  of  treatment  of  a  load  is 
about  an  hour,  calculated  from  the  moment  when  the  steam  escaping  round 
the  lid  is  too  hot  to  be  borne  by  the  hand.  Although  this  device  is  now  widely 
known  by  the  name  given  it  is  stated  that  an  identical  arrangement  was  used 
in  the  Russo-Japanese  War. 

A  similar  contrivance  may  be  made  from  an  ordinary  metal  sanitary  bin, 
a  foot  of  water  being  placed  in  the  bottom,  the  grid  placed  above  this,  and  the 
whole  being  put  over  a  furnace  (Hunter).  In  the  home  the  operation  may  be 
carried  out  in  boilers  used  for  boiling  clothes. 

The  disinfestation  train,  used  for  the  first  time  by  the  British  Medical 
Sanitary  Mission  to  Serbia,  led  by  Colonel  W.  Hunter,  C.B.,  A.M.S.,  consists 
of  a  railway  engine  and  one  or  two  closed  iron  goods  vans,  fitted  with  shelves 
but  not  otherwise  modified.  Steam  under  pressure  is  led  from  the  engine 
through  a  pipe  which  discharges  into  the  van  by  means  of  a  number  of  jets. 
The  garments  to  be  treated  are  packed  in  bundles  on  the  shelves.  Steam  is 
allowed  to  pass  into  the  van  for  about  an  hour,  and  at  the  end  of  this  time  a 
temperature  of  about  100°  C.  has  been  attained  in  the  centres  of  the  bundles. 
The  garments  may  therefore  be  dried  by  a  shake  in  the  air  on  removal.  The 
advantages  of  this  arrangement  are  its  great  capacity  and  its  mobility.  During 
the  war  it  proved  itself  excellent  in  Egypt  wherever  the  railway  penetrated. 
A  similar  device  could  be  constructed  from  a  pantechnicon  and  a  steam 
tractor. 

The  steam  disinfestation  chamber  (fig.  157)  is  a  slightly  modified  form  of 
one  first  used  in  France  by  the  Canadian  Army  Medical  Corps.  The  walls, 
roof,  and  doors  are  made  of  two  layers  of  wood  or  corrugated  iron,  or  with 
an  inner  wall  of  sheet  asbestos.  The  interspaces  may  be  packed  with  sawdust 
or  left  vacant.  The  doors  should  be  tightly  fitted.  The  whole  plant  is  best 
constructed  on  a  concrete  base  which,  inside  the  chamber,  has  a  slight  slope 
towards  the  door,  a  drain  being  provided.  The  vertical  boiler  should  be  capable 
of  producing  steam  under  a  pressure  of  15-20  lb.  From  this  leads  a  pipe  which 
carries  the  steam  into  a  system  of  2-inch  radiator  pipes  as  illustrated.  Four 
sets  of  these  are  shown  in  the  plan,  each  communicating  with  the  lead  pipe  and 
collecting  pipe  at  the  bottom.  Alternatively  the  radiator  pipes  may  be  arranged 
only  along  the  sides  and  the  roof,  the  inside  of  the  chamber  being  thus  unim¬ 
peded.  The  collecting  pipe  communicates  with  an  exhaust.  To  admit  steam 
to  the  chamber  a  pipe  runs  near  the  floor.  This  is  provided  with  nozzle  jets 
which  may  be  fitted  with  mushroom  dispersers  to  avoid  any  undue  wetting  of 
the  garments.  This  pipe  is  connected  both  directly  with  the  boiler  and  with 
the  exhaust  pipe.  Either  live  steam  or  exhaust  steam  may  therefore  be  used 
in  damping  the  chamber.  The  latter  is  by  far  the  more  economical  and  should 
be  used  whenever  possible.  The  exhaust  pipe  must  be  fitted  either  with  a  steam 
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trap  or  with  a  valve  which  may  be  so  adjusted  that  there  is  a  slight  flow  of  steam 
and  water  from  the  final  outlet.  Steam  should  never  be  allowed  to  blow  freely 
through  the  radiator  pipes  as  this  involves  great  waste.  Provided  water  is  not 
allowed  to  collect  in  the  lower  pipes  the  maximum  heating  effect  can  be  obtained 
with  the  consumption  of  a  very  small  amount  of  fuel. 

A  chamber  of  the  size  illustrated  will  deal  with  about  200  blankets  or  an 
equivalent  load.  The  articles  should  be  hung  loosely  on  hooks  on  the  radiator 
pipes,  or  on  specially  constructed  racks.  It  is  more  economical  in  working  if 
these  can  be  drawn  in  and  out  and  are  provided  in  duplicate,  much  time  being 
thus  saved  in  loading.  The  type  illustrated  would  require  six  single  layer  racks, 
each  mounted  on  a  single  wheel.  In  the  chamber  they  would  lean  against  the 
pipes  and  out  of  the  chamber  against  a  wall  ;  three  racks  of  articles  being  treated 
at  one  time.  If  the  central  part  of  the  chamber  is  left  clear,  racks  on  trolleys, 
as  described  below,  may  be  used. 

When  the  chamber  is  loaded  the  doors  and  drain  are  closed  and  steam  is 
admitted.  At  the  end  of  thirty  minutes  a  temperature  of  90°  C.  should  have 
been  attained  in  the  coolest  part  of  the  chamber.  The  steam  is  then  shut  off, 
the  drain  and  doors  are  slightly  opened,  and  for  five  minutes  the  radiator  pipes 
are  allowed  partially  to  dry  the  garments.  The  chamber  is  then  unloaded. 

The  hot  air  disinfestor  (fig.  158)  was  elaborated  by  Captain  H.  Orr  of  the 
Canadian  Army  Medical  Corps.  It  consists  of  a  double-walled  chamber  of 
corrugated  iron,  of  dimensions  15  ft.  by  8  ft.  by  6  ft.  high.  There  is  a  5-inch 
space  in  the  walls  which  is  packed  with  earth  and  clay,  and  a  foot  of  earth  is 
packed  on  the  roof.  (Hollow  walls  may  be  preferable  as  air  is  an  excellent 
insulator.)  The  chamber  is  constructed  over  a  pit  7  ft.  by  14  ft.  at  the  top  and 
5  ft.  by  10  ft.  at  the  bottom.  The  pit  opening  should  be  provided  with  a  door. 
Two  braziers  are  placed  in  the  pit,  the  air  to  these  being  supplied  by  two  flue 
pipes.  The  floor  of  the  chamber  consists  of  corrugated  iron  supported  on  rails. 
This  is  pierced  by  128  openings,  6  in.  by  3  in.,  but  a  couple  of  areas  4  ft.  square 
over  the  braziers  are  left  unperforated.  The  doors,  which  should  be  double, 
occupy  the  whole  of  one  end  of  the  chamber  and  should  be  as  airtight  as  possible, 
woollen  packing  being  used  to  effect  this.  The  chamber  is  also  provided  with 
six  ventilators  of  4  in.  stove  pipe  placed  three  on  each  side  near  the  roof. 
The  original  patterns  were  also  provided  with  right-angle  thermometers — an 
unnecessary  and  costly  adjunct.  Bacot  makes  the  suggestion  that  instead 
a  flexible  gas-pipe  should  be  let  into  the  wall  and  an  ordinary  chemical 
thermometer  should  be  drawn  in  and  out  by  means  of  a  string  attached  to  it. 

A  light  railway  is  constructed  running  from  the  chamber  to  a  bath  house. 
This  is  provided  with  a  switch  by  means  of  which  the  two  trucks,  with  which 
each  chamber  is  furnished,  may  be  diverted  either  to  the  dressing  or  undressing 
room.  On  the  trucks  are  constructed  wooden  racks  provided  with  pegs  placed 
11  inches  apart,  on  which  articles  may  be  hung,  and  a  tray  for  small  articles 
such  as  socks,  caps,  and  body  belts.  The  rack  should  clear  the  walls  and  roof  by 
at  least  a  foot,  as  the  air  near  these  is  cooler  than  in  the  centre  of  the  chamber. 
Blankets  should  be  festooned  over  pegs  and  garments  should  be  turned  inside 
out.  The  chamber  should  be  ready  for  its  first  load  about  an  hour  and  a  half 
after  the  fires  are  lit.  The  load  is  about  128  articles.  Disinfestation  is  complete 
when  the  temperature  has  remained  at  75°  C.  or  above  for  twenty  minutes. 
The  consumption  of  coke  is  200-250  lb.  a  day  and  the  plant  is  probably  the  most 
efficient  and  economical  one  yet  devised. 

The  Russian  pit  (fig.  159)  consists  merely  of  a  hole  in  the  ground  8  ft.  by  6  ft. 


LICE  (ANOPLURA) 


303 


q) 


~o 

> 

1 

h 

b 

} 

ft 

- -■  - 

•  m 

0 

■  ■  -----  - - r . . »  ■■■*! 

i±  © 

k 

&  'll 
>  **• 


Fig.  157.  Steam  disinfestation  chamber.  1.  Steam  boiler.  2.  Boiler  feed-pump.  3.  Water  tank.  4.  Steam-pipe  to  heating  pipes. 
5.  Steam-pipe  to  4  raw  ’  steam-pipe.  6.  Heating  pipes.  7.  4  Raw  ’  steam  distributing  pipe.  8.  Equalizing  valves  for  heating 
pipes.  9.  By-pass  valve.  10.  Exhaust  pipe.  11.  Uralite  sheeting.  12.  Wood  packing  (not  essential).  13.  Corrugated  sheeting! 
14.  Ventilating  pipe  and  drain.  15.  Steam  trap  or  valve. 
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Fig.  159.  Russian  pit  disinfestor.  1.  Sliding  door  of  wood  ;  2.  Air-inlet  pipe  ;  3.  Brazier  or  stove  ; 

4.  Stove  flue  ;  5.  Wires  for  garments. 
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by  7  ft.  deep,  covered  by  corrugated  iron  or  other  suitable  material  and  heavily 
earthed  over.  Steps  lead  down  into  it  and  the  entrance  is  closed  by  a  door  of 
wood,  sliding  vertically.  From  the  sides  of  this,  air-inlet  pipes  run  to  two 
braziers  placed  in  opposite  corners.  From  them  two  flue  pipes  run  up  through 
the  roof  to  a  height  of  about  2  ft.  above  the  soil.  The  articles  under  treatment 
are  hung  on  wires  in  the  centre  of  the  chamber.  Disinfestation  is  completed 
in  from  30  to  60  minutes.  The  device  is  clumsy  and  very  slow  in  action  owing 
to  the  difficulty  of  loading,  but  the  idea  of  it  is  worth  perpetuating  because  the 
material  for  its  construction  is  always  to  hand  and  its  capacity  is  large. 

Leleans  principle.  Lelean  has  recently  enunciated  a  new  principle  in  dis¬ 
infection  which  has  an  important  bearing  on  disinfestation.  When  steam  is 
evolved,  or  blown  in,  at  the  bottom  of  the  chamber  containing  the  garments, 


TRANSVERSE.  SECTION  CM  LINE  A — A 

Fig.  160.  Diagrammatic  representation  of  Lelean’s  disinfestor. 

it  passes  between  them  to  the  top,  which  it  fills  up  first.  The  result  of  this  is 
that  pockets  of  air  are  imprisoned  in  the  folds  of  the  garments  and  these  pockets 
prevent  the  even  heating  of  the  articles.  He  therefore  advises  that  the  steam 
should  be  blown  in  at  the  top  as  it  will  thus  drive  the  heavier  air  down  before 
it  and  prevent  the  formation  of  these  air  pockets.  He  has  devised  a  system, 
a  unit  of  which  consists  of  four  steam-proof  bags,  the  mouths  of  which  are 
provided  with  running  nooses.  When  the  bags  are  loaded  they  are  inverted 
and  lashed  to  the  central  chimney.  By  means  of  flexible  pipes  steam  is  led 
from  the  boilers  to  what  are  now  the  tops  of  the  bags,  and  escapes  below  to 
pass  between  the  stones  into  the  flue  and  so  up  the  central  chimney  (see  figs. 
160  and  161).  This  disinfestor  is  the  most  portable  one  yet  devised  and  is  stated 
to  be  both  rapid  in  action  and  very  efficient.  The  principle  involved  recalls 
that  well  known  in  disinfection  with  pressure  steam  ;  namely,  that  articles 
such  as  roller  bandages  are  more  quickly  and  certainly  sterilized  if  the  chamber 
is  exhausted  before  the  steam  is  admitted. 
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3.  Organized  disinfestation. 

To  make  disinfestation  effective  it  must  be  carefully  organized  or  it  becomes 

j  o 

merely  a  palliative  remedy.  The  clothing,  the  blankets,  and  the  body  should 
receive  attention  and  so  far  as  is  possible  all  who  come  in  close  contact  with  one 
another  should  be  treated  at  the  same  time,  i.  e.  treatment  should  be  house  by 
house,  or  unit  by  unit  in  an  army,  and  no  individual  should  be  allowed  to  escape 
treatment  unless  it  is  certain  that  he  does  not  need  it.  These  radical  methods  will 
prevent  the  necessity  for  repeating  the  operation  in  a  short  time  and  will  avoid 
the  disappointment  caused  by  the  speedy  reappearance  of  lice  among  the  cleansed. 

The  treatment  of  the  clothing  should  be 
accompanied  by  a  hot  bath,  an  inspection  of 
the  body  and  head  hair,  and  shaving  when 
this  is  necessary  or  advisable.  In  fig.  158  is 
shown  a  plan  for  a  disinfestation  annex  which 
would  be  suitable  for  troops  or  a  civil  popu¬ 
lation.  The  men  should  be  divided  into 
batches  according  to  the  capacity  of  the  dis¬ 
infest  or.  Batch  A  should  be  admitted  to  the 
undressing  room  where  an  empty  truck  is 
waiting  for  their  effects.  They  should  there 
strip  and  place  everything  except  boots  and 
valuables  on  the  rack.  Boots  should  be 
placed  in  the  numbered  port-hole  lockers  in 
the  partition  wall  which  should  be  at  least 
8  ft.  high.  The  lockers  must  be  subject  to 
inspection  to  prevent  articles  such  as  cardi¬ 
gans  and  body  belts  escaping  treatment. 

The  loaded  truck  is  then  run  into  the  dis- 
infestor,  batch  A  passes  into  the  bath  house, 
batch  B  enters  the  undressing  room  and  an 
empty  truck  is  run  in.  The  bath  house  is 
provided  with  hot  shower  baths.  Paraffin 
soft  soap  should  be  provided.  (Soft  soap 
3  lb.,  water  J  pint,  heat ;  remove  from  fire 
and  add  5  b  lb.  of  crude  paraffin  oil  ;  2  J  per 
cent  cresol  may  be  added  if  desired.)  After 
bathing,  the  men  pass  into  the  inspection 
room  which  should  be  well  lighted.  Here  the 

body  and  head  should  be  carefully  examined  for  lice  and  nits,  and  any  person 
upon  whom  these  are  found  should  have  the  body  hair  shaved  and  the  head  hair 
cropped  close  in  the  barber’s  shop.  From  the  barber  batch  A  then  passes  into  the 
dressing  room,  to  which  has  been  run  the  truck  of  treated  clothing.  This  should 
be  at  once  unloaded  and  sent  to  the  undressing  room  again  ready  for  batch  C, 
batch  B  being  by  now  in  the  bath  house.  With  troops,  clean  underclothing 
should  be  provided  from  room  6.  while  the  disinfested  underclothing  should  be 
removed  to  store  7  for  the  laundry. 


Fig.  161.  Lelean's  sack  disinfestor. 
One  50  lb.  unit  in  process  of  transport. 
The  boiler,  the  six  fire  bars  and  the 
sheet  of  perforated  corrugated  iron 
used  to  support  the  stones  are  rolled 
up  inside  the  sack. 


4.  Special  precautions  during  epidemics. 

In  dealing  with  the  patients  in  an  epidemic  of  a  louse-borne  disease  it  is 
important  that  special  precautions  should  be  taken  to  disinfest  as  early  as  possible 
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all  sick  admitted  to  hospital,  and  to  keep  them  segregated  until  this  has  been 
done.  Subsequently  segregation  is  not  essential. 

It  should  be  remembered  that  lice  have  a  habit  of  migrating  in  large 
numbers  from  fever  cases  and  that  those  handling  them  are  particularly  liable 
to  acquire  these  infected  lice.  In  the  Roumanian  epidemic  of  typhus  in  1916-17 
two  hundred  of  the  Medical  Officers  of  the  country  died  of  the  disease,  and  in 
the  Serbian  epidemic  of  1915,  at  one  hospital,  out  of  a  staff  of  forty-two  only 
three  escaped  infection.  These  figures  show  that  it  is  worth  while  to  take  any 
precaution  to  avoid  the  infected  lice.  Either  louse-proof  overalls  should  be 
worn,  or  the  inside  of  the  underclothing  should  be  smeared  all  over  with 
naphthalene  paste.  It  has  recently  been  recommended  that  pyjama  suits  sewn 
into  one  piece  and  impregnated  by  spraying  or  soaking  in  creosote  or  wood  oil 
should  be  worn  as  overalls,  being  tied  round  the  wrists,  ankles,  and  neck.  The 
hair  of  the  head  should  be  cropped  close  and  greased,  while  no  body  hair  should  be 
permitted.  Self-inspection  should  be  a  matter  of  daily  routine,  and,  since  scratch¬ 
ing  plays  so  important  a  part  in  the  inoculation  of  these  diseases,  it  should  be 
avoided.  All  cuts  or  small  abrasions  on  the  hands  should  be  covered  with  plaster. 

In  the  disinfestation  of  the  garments  of  the  sick  it  should  be  the  aim  not  only 
to  destroy  the  lice  but  also  to  render  harmless  any  infective  louse  excreta  clinging 
to  them.  This  is  probably  as  important  in  typhus  as  in  trench  fever.  The  excreta 
in  the  last  named  disease  retain  their  virulence  for  months  and  garments 
containing  them  are  a  danger.  In  disinfestation  by  heat,  steam  should  be  used 
in  preference  to  hot  air  and  a  minimum  exposure  to  a  temperature  of  70°  C. 
for  twenty  minutes,  should  be  given.  Alternatively  the  garments  may  be  soaked 
in  a  hot  2  per  cent  lysol  solution  (temperature  40°  C.)  for  thirty  minutes.  Having 
consulted  Carl  Browning  on  this  matter,  we  may  say  that  of  the  improvised 
disinfestors  described  above,  only  the  disinfestation  train  and  the  steam  dis¬ 
infestation  chamber  can  be  considered  efficient  disinfectors,  though  their 
efficacy  as  louse  destructors  has  been  amply  proved  in  practice. 
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The  term  4  Bug  5  is  used  by  the  British  to  designate  those  insects  of  which 
the  notorious  bed  bug  is  the  type,  but  by  the  Americans  the  word  is  commonly 
used  to  designate  all  creatures  included  under  the  Insecta,  so  that  the  American 
word  ‘  bug  ’  is  synonymous  with  the  British  word  ‘  insect  \ 
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It  is,  however,  the  group  of  insects  referred  to  by  the  word  4  bug  ’  in  the 
British  sense  with  which  this  section  deals,  i.  e.  the  Order  Rhynchota. 

DEFINITION. 

The  Rhynchota  have  the  mouth  parts  in  the  form  of  a  jointed  proboscis, 
adapted  for  piercing  and  sucking.  There  are  typically  two  pairs  of  wings, 
the  first  either  partly  horny  towards  the  base  and  lying  flat  on  the  back  in  repose 
(Heteroptera)  ;  or  of  uniform  consistency  and  forming  a  roof-like  covering  to 
the  abdomen  (Homoptera)  Some  forms  are  apterous  and  in  some  the  wings 
are  reduced  and  functionless.  The  wings  are  gradually  developed  at  the  moults, 
except  in  some  Homoptera  (e.  g.  Coccidae). 

They  include  such  insects  as  bed  bugs,  plant  bugs  (aphids,  scale  insects, 
cicadas,  stink  bugs),  and  aquatic  bugs  (water  boatmen,  water  scorpions,  giant 
water  bugs). 

The  majority  of  the  bugs  live  on  the  sap  of  plants,  and  many,  therefore,  cause 
an  enormous  amount  of  damage  to  crops  of  all  kinds,  but  a  few  live  on  the 
blood  of  man  and  other  animals  and  are  in  consequence  of  medical  interest  and 
importance. 

Of  these,  one  notable  species,  Triatoma  ( Conorliinus )  megista,  belonging 
to  the  family  Reduviidae,  is  certainly  known  to  transmit  human  disease  (South 
American  trypanosomiasis).  Other  species  of  blood-sucking  bugs  are  also 
charged  with  the  transmission  of  disease,  although  so  far  the  evidence  is  incon¬ 
clusive.  Several  species  cause  very  painful  bites,  however,  and  a  species 
of  bug  in  Natal  has  a  poisonous  secretion,  which  causes  acute  inflammation  of 
the  eye  in  man  and  animals.  This  last  insect  belongs  to  the  family  Cercopidae, 
the  so-called  spittle  insects,  and  lives  on  the  sap  of  wattles  and  other  trees. 
Persons  or  animals  standing  below  the  trees  on  which  these  insects  are  feeding 
are  liable  to  get  a  drop  of  the  ‘  spittle  ’  in  the  eye,  and  a  violent  inflammation 
follows. 

On  the  other  hand,  to  give  this  order  its  due,  it  should  be  remembered  that 
certain  species  are  of  value  to  man  and  of  economic  importance  :  for  example, 
the  cochineal  and  shellac  insects,  and  certain  aquatic  species  of  bug  that 
are  predaceous  on  mosquito  larva?.  Other  species  among  the  family  Reduviidae 
are  said  to  prey  upon  the  tick,  0.  moubata,  the  vector  of  African  relapsing 
fever. 

The  majority  of  bugs  are  considerably  flattened  insects,  and  most  species 
are  active  and  capable  of  flight.  Many  that  are  outside  medical  interest  show 
polymorphism,  alternation  of  generations,  and  sexual  dimorphism. 

STRUCTURE. 

The  mouth  parts  of  bugs  form  a  very  characteristic  beak  or  proboscis.  This 
proboscis  is  usually  of  considerable  length,  is  segmented  and,  when  not  in  use, 
is  flexed  under  the  head,  lying  parallel  to  the  under  surface  of  the  insect’s  body. 
There  are  no  palps  or  tactile  feelers  associated  with  the  proboscis.  It  consists 
of  the  lower  lip  or  labium  which,  greatly  elongated,  has  the  form  of  a 
sharp-pointed  tube  grooved  along  the  under  surface.  Within  this  tube  lie  the 
mandibles  and  maxillae,  which  in  bugs  are  modified  so  that  they  represent 
long  needle-like  instruments,  barbed  at  the  tips.  The  mandibles  have  double 
parallel  grooves  along  their  opposing  surfaces,  so  that  when  they  are  in  apposi  - 
tion,  two  parallel  tubes  are  formed.  It  is  up  the  dorsal  tube,  when  the  insect 
feeds,  that  the  blood  of  the  host  (or,  in  the  case  of  the  vegetable  feeders,  the 
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sap)  is  drawn,  and  down  the  ventral  tube  that  the  insect’s  saliva  is  pumped 
into  the  surrounding  tissues. 

The  wings  of  bugs  are  important,  as  upon  these  organs  much  of  the  classifica¬ 
tion  is  based.  In  the  bugs  that  have  the  basal  part  of  the  front  pair  of  wings 
hardened,  this  hardened  portion,  called  the  elytron,  acts  as  a  wing  cover  or 
sheath  to  the  rest  of  the  wing  which  is  membranous.  The  membranous  part 
is  capable  of  being  folded  and,  when  folded,  lies  under  the  elytron.  The  elytron, 
amongst  the  different  species  varies  in  form.  It  consists  either  of  two  lateral 
plates — a  smaller  inner  plate  called  the  clavus,  and  a  larger  outer  plate,  the 
corium — or  the  distal  end  of  the  corium  may  be  separated  into  a  third  plate, 


Fig.  162.  Ventral  aspect  of  the  head  and  prothorax  of  Cimex  hemiptera 
( =rotundatus ).  F.  Showing  the  reflexed  month  parts  (proboscis)  extending 
backwards  to  the  level  of  the  first  pair  of  legs. 


the  cuneus  ;  or,  again,  the  outer  or  costal  margin  of  the  corium  may  form 
a  fourth  distinct  plate,  the  embolium. 

The  abdomen  is,  in  all  bugs,  the  largest  and  most  conspicuous  part  of  the 
insect’s  body.  In  some  species  the  edge  of  the  abdomen  is  greatly  thinned 
and  forms  a  frill  all  round.  This  abdominal  frill  is  called  the  connexivum 
(fig.  163)  and  is  found  particularly  among  the  Reduviid  bugs.  On  the  abdomen 
and  elsewhere  in  the  different  species,  open  the  ducts  of  many  kinds  of  glands. 
In  some  species  (Aphidae)  these  glands  secrete  ‘  honey  dew  ’  or  nectar,  of  which 
certain  ants  make  use  ;  in  other  species  (Coccidae)  there  are  glands  that  secrete 
the  valuable  shellac,  used  in  varnishes  and  lac-dye.  The  lantern  flies  (Fulgoridae) 
and  some  Aphids  secrete  a  useful  wax  ;  the  so-called  4  manna  ’  is  also  a 
secretion  of  certain  Coccids.  Many  bugs  have  glands  (the  so-called  4  stink 
glands  ’)  that  secrete  as  a  repellant  a  most  offensively  smelling  volatile  oily 
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•  liquid.  The  well-known  odour,  when  a  bed  bug  is  crushed,  is  the  product  of 
these  glands. 

Obviously,  from  what  has  already  been  said,  it  will  be  realized  that  the 
structure  and  life-histories  of  bugs  vary  tremendously.  We  must  confine 
ourselves,  therefore,  to  the  intended  scope  of  this  section  and  deal  only  with  the 
bugs  of  medical  importance. 

CLASSIFICATION. 

There  are  two  distinct  sub-orders  of  the  Rhynchota,  namely, 

(1)  The  Heteroptera,  in  which  the  proboscis  is  merely  bent  under  the  head, 
and  the  front  wings,  when  present,  are  hardened  at  the  base  to  form  wing 
covers  or  elytra. 

(2)  The  Homoptera,  in  which  the  proboscis  lies  completely  on  the  ventral 
surface  of  the  insect  and  appears  to  spring  from  the  ventral  surface  of  the  head, 
and  the  wings,  when  present,  are  completely  mem¬ 
branous.  No  further  mention  will  be  made  of  this 
sub-order. 

The  Heteroptera  are  divided  into  two  groups, 
namely, 

(a)  the  Gymnocerata  (yvp.vos  =  naked  ;  MEpas  = 
horn),  which  have  the  antenmu  conspicuous,  are 
land  bugs. 

Of  the  many  families  we  need  only  consider  the 
Cimicidae,  Reduviidae,  Aradidae,  and  Lygaeidae,  which 
contain  the  blood-sucking  forms.  The  Hydrometridae 
also  contain  species  of  medical  interest. 

(b)  The  Cryptocerata  (kpvttto?  =  hidden  ;  Kepas = 
horn),  which  have  the  antennae  hidden  in  depressions 
on  the  under  surface  of  the  head,  are  almost  all 
aquatic. 

Most  of  the  families  have  species  which  are 
predaceous  on  mosquito  larvae.  Some  of  the  species, 
when  handled  carelessly,  can  inflict  a  severe  and  painful  bite,  and  for  these 
reasons  are  interesting  from  a  medical  point  of  view. 

The  families  of  chief  interest  are  the  Nepidae  (water  scorpions),  Notonectidae 
(water  boatmen),  and  Corixidae  (also  called  water  boatmen),  which  all  prey  on 
mosquito  larvae  to  a  certain  extent. 

SUB-ORDER  :  HETEROPTERA  GYMNOCERATA. 

I.  FAMILY  CIMICIDiE. 

The  bugs  belonging  to  this  family,  which  are  blood-suckers,  belong  to  the  genus 
Cimex  ( Acanthia ).  C.  lectularius  and  C.  hemiptera  (  =  C.  rotundatus)  are  the  bed 
bugs.  The  former  in  temperate  zones,  and  C.  hemiptera  in  warm  climates. 

Structure.  These  insects  are  of  a  reddish-brown  colour  and  are  about 
one-fifth  of  an  inch  (5  mm.)  in  length.  They  are  very  markedly  flattened,  and  so 
are  able  to  creep  into  crevices  and  between  flat  surfaces.  They  are  active, 

*  but  the  wings  are  atrophied  and  they  are  incapable  of  flight.  When  unable  to 
obtain  food,  however,  they  may  crawl  over  comparatively  long  distances  such 
as  from  one  house  to  another — in  search  of  new  hosts.  The  front  pair  of  wings 
is  represented  by  small  elytra,  but  the  hind  pair  has  altogether  disappeared. 


Fig.  163  Dysodius  lunalus 
the  Pito  bug  (after  Alcock). 
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The  head  is  short  and  broad,  and  the  conspicuous  eyes  project  on  either  side. 
The  antennae,  composed  of  four  joints,  are  long  and  are  set  immediately  in  front 
of  the  eyes.  The  two  terminal  joints  are  very  much  more  slender  than  the  two 
basal  joints. 

The  proboscis  is  three- jointed,  and  is  bent  under  the  head  and  lies  in  a 
groove,  which  extends  as  far  back  as  the  first  pair  of  legs,  on  the  ventral 
surface  of  the  insect. 

The  thorax  is  composed  of  three  segments,  the  most  anterior  segment  or 
prothorax  being  greatly  the  largest,  and  differing  conspicuously  in  the  two 
species,  C.  lectularius  and  C.  hemiptera  ( vide  infra). 

The  abdomen  is  flat  and  broadly  oval  in  shape,  being  composed  of  eight 
segments,  and  is  the  broadest  part  of  the  insect’s  body.  The  whole  body  is 
rather  hairy. 

The  internal  organs  (fig.  164)  are  on  the  typical  plan  of  a  blood-sucking 
insect.  The  proboscis,  which  acts  as  a  piercing  instrument  as  well  as  the  food 
channel,  opens  within  the  head  of  the  insect  into  the  first  dilatation  of  the 
alimentary  canal,  termed  the  pharynx  or  pharyngeal  pump.  By  rhythmic 


Fig.  164.  Alimentary  tract  of  Cimex  hemiptera.  F.  (After  Patton  and  Cragg.) 

oes.  =  oesophagus  ;  sl.g.  =  salivary  glands  ;  cd.  =  anterior  part  of  the  mid-gut  ;  v.=  valve 
constriction  in  the  anterior  part  of  the  mid-gut  ;  mg.  =  mid-gut  ;  mp.t.=  Malpighian  tubes  ; 
rt.  —  rectum. 

dilations  and  contractions  of  the  pharynx  the  blood  is  pumped  up  from  the 
wound  and  into  the  insect’s  stomach. 

As  in  the  case  of  the  flea,  the  ducts  of  the  salivary  glands  open  into  the 
proboscis,  and  the  pumping  action  of  the  pharynx  not  only  pumps  up  the  blood 
but  simultaneously  pumps  down  the  insect’s  saliva  into  the  tissues  of  its  host. 

The  salivary  glands  of  the  Cimicidae  consist  of  at  least  two  pairs,  called 
the  ovoid  and  cardiac  glands  respectively.  They  have  extremely  long  and 
delicate  ducts,  which  terminate  in  the  so-called  salivary  pump.  This  pump 
lies  anteriorly  and  ventrally  to  the  pharynx.  It  consists  of  a  spindle-shaped 
or  vase-like  chitinous  cup,  with  the  narrow  end  directed  to  the  point  where  the 
mandibles  are  in  contact  with  one  another.  The  ducts  from  the  salivary  glands 
open  into  the  pump  on  the  ventral  surface.  The  ovoid  glands  lie  slightly  to 
each  side  of  the  anterior  end  of  the  stomach  and  so  lie  between  the  first  abdominal 
segment  and  its  junction  with  the  metathorax.  The  cardiac  glands  are  close  to 
the  ovoid  glands,  but  are  separated  from  one  another  by  the  oesophagus. 

From  the  pharynx,  a  short  oesophagus  opens  into  the  tubular  stomach,  which 
is  capable  of  great  distension.  The  stomach  is  followed  by  a  more  or  less  coiled 
intestine  with  numerous  circular  constrictions  along  its  length,  opening  into 
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a  pear-shaped  rectum.  At  the  junction  of  the  intestine  and  rectum  there  are 
four  Malpighian  or  excretory  tubules.  The  rectum  opens  at  the  anus,  which 
is  situated  on  the  last  abdominal  segment. 

Life-history.  (Fig.  165.)  The  eggs  are  laid  in  any  kind  of  crevice,  such  as 
cracks  in  walls,  floors,  or  ceilings,  between  the  different  parts  of  a  bed  or  in 
cracks  in  its  woodwork,  and  in  crevices  in  furniture.  They  measure  about 
1  mm.  in  length  by  about  0-5  mm.  in  width,  and  are  pearly  white,  and  oval. 
Being  somewhat  sticky  when  first  laid,  they  adhere  in  clumps.  From  two 


a.  C.  hemiptera,  egg,  x  18. 

b.  C.  hemiptera,  first  stage  larva.  (After  Patton  and  Cragg.) 

c.  C.  hemiptera,  second  nymph,  >  12  (After  Patton  and  Cragg.) 

d.  C.  hemiptera,  third  nymph,  x  12.  (After  Patton  and  Cragg.) 


to  nine  eggs  may  be  present  in  each  clump.  The  upper  end  of  the  egg  has  an 
operculum  or  lid,  which  projects  more  on  one  side  than  the  other. 

The  rate  of  development  is  profoundly  affected  by  temperature,  but  in  warm 
weather  the  eggs  hatch  in  from  four  to  ten  days.  The  larva  emerges  by  pushing 
off  the  operculum,  and,  when  newly  hatched,  is  of  a  semi-transparent  whitish 
colour.  Except  in  size,  colour,  and  the  fact  that  there  is  no  trace  of  elytra,  it 
.  resembles  its  parent.  The  larva  is  ready  to  feed  soon  after  it  emerges  from  the 
egg.  Between  emergence  and  the  first  moult,  the  larva  usually  feeds  twice 
during  a  period  of  from  four  to  five  days.  It  then  moults  its  larval  skin  and 
assumes  the  first  nymphal  stage.  This  stage  lasts  from  seven  to  eight  days, 
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during  which  time  the  nymph  feeds  three  or  four  times.  At  the  end  of  this 
period  the  nymph  moults  and  assumes  the  second  nymphal  stage,  which  lasts 
from  seven  to  ten  days,  during  which  it  again  feeds  from  three  to  four  times. 
By  moulting  once  more  it  assumes  the  third  nymphal  stage,  and  after  about 
another  week  and  similar  blood  meals  it  moults  for  the  last  time  and  assumes 
the  adult  condition.  In  hot  weather  the  period  from  larva  to  adult  is  passed 
through  in  about  six  weeks  ;  in  cold  weather,  in  about  eleven  weeks. 

The  organs  of  reproduction  and  the  elytra  make  their  appearance  after  the 
third  nymphal  moult. 


Fig.  166.  Cimex  lectularius  L.  $?,  x  12. 


Unless  the  insect  has  a  blood  meal  after  each  moult  the  following  moult  is 
indefinitely  postponed.  Fertilization  and  a  blood  meal  must  ensue  before 
oviposition  commences. 

Species  of  importance  to  man.  There  are  only  two  species  of  the  Cimicidae 
that  strictly  speaking  can  be  called  parasites  of  man.  These  two  species  are  : 

(i)  C.  lectularius  L.,  the  bed  bug  of  temperate  climates.  The  body  is  flattened, 
reddish  brown  in  colour,  and  about  one-fifth  of  an  inch  (5  mm.)  in  length  or 
rather  less.  The  head  is  short  and  broad,  and  in  outline  has  been  aptly  said  by 
Alcock  to  resemble  a  crown  lying  on  its  side.  The  eyes  are  well  developed,  of 
a  dark  red  colour,  and  project  conspicuously  from  the  sides  of  the  head.  The 
antennae  are  long,  having  the  two  distal  joints  much  more  slender  than  the  two 
basal  joints.  The  prothorax  is  semi-lunar  in  shape,  its  lateral  margins  are  thinned 
out  and  the  anterior  margin  has  a  rounded  lobe  on  each  side  of  the  head, 
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extending  close  up  to  the  eye.  The  dorsal  surface  of  the  prothorax  is  rounded, 
but  the  lateral  margins  are  thin  and  flat  or  even  slightly  concave  (fig.  168).  The 
abdomen  is  rounded  at  the  posterior  end  and  is  broadest  at  the  level  of  the  third 
abdominal  segment. 

Distribution.  Throughout  Europe  and  North  America,  and  it  has  been 
recorded  from  Suez,  the  Sudan,  and  north-western  frontier  of  India,  China, 
South  Africa,  Australia,  and  also  from  some  parts  of  West  Africa. 

(ii)  C.  hemiptera  F.  The  bed  bug  of  tropical  climates.  This  bug  much 
resembles  C.  lectularius,  but  can  be  distinguished  from  it  in  that  its  head  is  not 


Fig.  167.  Cirnex  hemiptera  (=  rotundatus)  F.  $,  x  12. 


so  long  or  so  broad  as  that  of  C.  lectularius  ;  the  abdomen  is  longer  and  more 
narrowly  oval,  and  is  broadest  at  the  level  of  the  second  segment.  The  pro¬ 
thorax  is  not  flattened  at  the  lateral  margins  (fig.  168). 

Distribution.  Widespread  throughout  the  tropics  and  sub-tropics. 

Other  species  of  interest  are  :  C.  macrocephalus  Feiber.  Described  from 
Burma,  but  is  considered  to  be  identical  with  C.  hemiptera. 

C.  columbarius  Jenyns.  A  parasite  of  pigeons.  It  lives  in  the  nests  of  these 
birds,  and  also  amongst  poultry.  In  attacks  man  occasionally  and  Theobald 
records  that  he  has  been  badly  bitten  by  these  bugs  while  collecting  them. 
C.  columbarius  differs  from  lectularius  in  having  the  abdomen  almost  circular 
in  outline.  The  antennae  are  shorter  and  are  not  quite  so  slender.  The  thorax 
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is  thinner  and  more  flattened  on  its  margins,  and  the  lobe  on  each  side  of  the 
head  is  less  marked. 

Distribution.  Common  in  Europe  in  the  nests  and  coops  of  pigeons.  It 
has  been  recorded  by  Girault  in  the  United  States  as  having  been  taken  from 
a  chicken  house  at  Anacostia.  D.C.  It  is  probably  widely  distributed. 

C.  hirundinis  Jenyns.  Found  in  the  nests  of  house-martins  and  swallows. 
It  is  a  hairy  species  and,  compared  with  C.  lectularius,  the  abdomen  is 
narrower  and  more  rounded  at  the  tip  ;  the  thorax  is  very  much  less  flattened 
at  the  margins  and  there  are  hardly  any  lobes  at  the  sides  of  the  head.  The 
antennae  are  comparatively  short,  the  third  joint  being  scarcely,  if  any,  longer 
than  the  fourth  joint.  Theobald  mentions  an  account  he  has  received  of  this 
bug  invading  a  house  in  Kent  and  causing  great  annoyance. 

Distribution.  Common  in  the  nests  of  Hirundo  urbicce  in  Europe. 

C.  ciliatus  Eversmann.  A  species  recorded  from  Russia,  which  is  thickly 
covered  with  hair,  and  only  3-3  mm.  in  length. 

C.  boaeti  Brumpt.  A  species  recorded  from  French  Guinea  where  it  is  said 


Fig.  168.  Differences  in  shape  of  the  prothorax  in 
(a)  C.  lectularius  $>,  ( b )  C.  hemiptera  $. 

to  attack  man.  The  prothorax  is  quadrilateral  in  shape,  and  the  anterior  lobes 
are  not  produced  nor  are  the  sides  reflexed. 

Bionomics  of  bed  bugs.  Bed  bugs  breed  all  the  year  round  unless  the  weather 
is  intensely  cold.  Their  chief  habitat  is  in  human  dwelling-places  of  all  sorts — 
in  houses,  ships,  railway  trains,  etc.  They  are  nocturnal  in  habit,  and,  during 
the  day,  live  in  crevices  of  all  kinds,  Both  sexes  are  blood-suckers  and,  after  a 
meal,  the  insects  seek  quiet  and  safety  by  returning  to  their  daytime  haunts  to 
digest  the  blood. 

The  eggs  are  laid  in  these  same  haunts. 

Bed  bugs  can  withstand  long  periods  without  food.  Girault  has  shown  that 
in  cold  weather  a  bug  can  live  at  least  259  days  without  food.  The  same  observer 
has  shown  that  bed  bugs  will  feed  off  living  (and  also  dead)  mice,  so  that  it  is 
conceivable  that  houses,  which  are  temporarily  uninhabited  even  for  long  periods, 
may  continue  to  be  infested  with  these  parasites.  Moreover,  it  has  been  shown 
that  when  a  house  becomes  uninhabited  and  there  is  no  food-supply,  bugs  will 
migrate  at  night  from  one  house  to  another. 

One  of  the  chief  means  of  the  spread  of  these  parasites  is  by  clothes  being 
carried  from  an  infested  house,  for  the  parasites  are  very  fond  of  creeping 
between  the  folded  surfaces  and,  in  this  way,  infested  laundries  often  act  as 
agencies  for  the  wide  distribution  of  bed  bugs. 
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During  the  recent  campaign  in  East  Africa,  bed  bugs  took  up  residence  within 
the  cork  lining  of  the  men’s  sun-helmets  and  at  one  camp  the  infestation  became 
almost  general,  as  the  helmets  at  night  were  kept  together.  The  men  complained 
of  some  biting  insect  in  the  helmets  and  examination  proved  that  they  were 
infested  with  C.  hemiptera.  The  infestation  was  controlled  by  spraying  inside 
the  helmets  with  petrol,  and  about  an  hour  afterwards  laying  them  upside 
down  in  the  sun. 

Ships,  once  infested  with  these  parasites,  are  notorious  places  for  bed  bugs. 
The  crowding  of  the  population  on  board,  and  the  proximity  of  the  cabins  and 
living  quarters,  together  with  the  large  amount  of  woodwork  with  the  crevices 
therein,  furnish  conditions  that  are  ideal  to  the  parasites.  Furthermore,  infested 
ships  are  exceedingly  difficult  to  deal  with  and  fumigation  on  extensive  lines  is 
about  the  only  means  of  effectively  stopping  the  infestation. 

Bed  bugs  take  about  four  minutes  to  become  replete  with  blood  and  the 
meal  is  digested  in  about  thirty-six  hours  during  warm  weather,  whereas  in 
cold  weather  digestion  takes  from  forty-eight  to  seventy-two  hours. 

Egg-laying  begins  about  ten  days  after  the  bug  has  attained  the  adult  stage, 
and,  during  the  preliminary  period,  the  insect  usually  feeds  three  or  four  times. 

Bed  bugs  and  disease.  Bed  bugs  have  been  accused  of  transmitting  a  large 
number  of  diseases — tuberculosis,  typhus,  plague,  kala-azar,  and  European 
relapsing  fever,  but  so  far  nothing  has  been  definitely  proved  on  this  score. 
Bed  bugs  can  transmit  plague  experimentally,  but  there  is  no  evidence  that  this 
occurs  in  nature.  The  remarks  of  C.  J.  Martin  in  this  connexion  are  interesting  : 

There  is  really  no  evidence  to  incriminate  the  bed  bug  in  the  case  of  either  typhus 
or  relapsing  fever.  It  is  possible  to  transmit  plague  experimentally  by  means  of 
bed  bugs,  but  there  is  no  epidemiological  reason  for  supposing  that  this  takes  place  to 
any  extent  in  nature.  There  are  two  differences  in  the  habits  of  bugs  and  those  of  fleas 
and  lice,  which  may  possess  epidemiological  significance.  The  first  concerns  the 
customary  intervals  between  their  meals.  Bugs  show  no  disposition  to  feed  for  a  day 
or  two  after  a  full  meal,  whereas  fleas  and  lice  will  suck  blood  several  times  during  the 
twenty-four  hours.  The  second  is  in  respect  to  the  time  the  insects  retain  a  meal,  and 
the  extent  to  which  it  is  digested  before  being  excreted.  Fleas  and  lice,  if  constantly 
fed,  freely  empty  their  alimentary  canals,  and  the  nature  of  their  fseces  indicates  that 
the  blood  has  undergone  but  little  digestion. 

Both  these  insects  evacuate  such  undigested  or  half-digested  blood  per  rectum 
during  the  act  of  feeding,  and  the  remnants  of  the  previous  meal  are  thus  deposited  in 
the  immediate  vicinity  of  a  fresh  puncture.  It  is  not  unlikely  that,  should  the  alimen¬ 
tary  canal  of  the  insect  be  infected  with  plague  bacilli,  spirochaete,  or  the  organism 
responsible  for  typhus  fever,  these  may  be  inoculated  by  rubbing  or  scratching.  Bugs 
have  not  this  habit  ;  and  in  all  the  cases  I  have  examined,  their  dejections  were  fully 
digested,  almost  free  from  protein,  and  consisted  mostly  of  alkaline  haematin. 

Patton’s  experiments  with  C.  hemiptera  have  led  him  to  believe  that  this  bug 
is  the  intermediate  host  of  kala-azar,  but  this  lacks  proof  (see  Vol.  II). 

Prophylaxis.  Where  there  is  danger  of  invasion  by  Cimex  all  crevices  in 
walls,  ceilings,  or  floors  should  be  filled  up  with  mortar,  cement,  or  putty.  Once 
invasion  has  taken  place,  the  room  or  house  should  be  thoroughly  fumigated 
with  sulphur  (allowing  two  pounds  for  each  thousand  cubic  feet  of  space),  and 
a  sufficient  period  should  be  allowed  for  the  vapour  to  act  not  only  upon  the 
adults  but  also  upon  the  more  resistant  eggs.  The  haunts  should  then  be 
sprayed  with  either  a  3  per  cent  petroleum  emulsion  in  hot  soap  suds,  or  a  1  in 
1,000  hot,  watery  solution  of  perchloride  of  mercury,  provided  there  is  no  metal 
about.  The  mercury  solution  damages  metal.  For  fumigation  Clayton  (S02) 
and  hydrocyanic  gases  are  also  to  be  recommended  (p.  221). 
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A  rapid  method  of  exterminating  bed  bugs  in  a  limited  area  is  by  the  use 
of  a  plumber’s  paraffin  (kerosene)  or  benzol  blow-lamp.  A  good  blast  is  set 
going,  and  the  flame  is  passed  rapidly  over  the  haunts  of  the  bugs.  A  fatal 
degree  of  temperature  is  set  up  in  this  way,  and  even  the  eggs  are  destroyed, 
without  causing  a  temperature  high  enough  to  burn  any  woodwork  in  which 
the  bugs  may  be  hiding. 

Infested  beds  are  best  treated  by  the  liberal  application  of  paraffin  oil, 
after  which  they  should  be  placed  in  the  sun.  Cane  chairs  and  tables  should  be 
well  treated  with  hot  soap  suds  in  which  there  is  a  little  paraffin,  and  then 
placed  in  the  sun  to  dry. 

Infestation  by  bugs  is  no  sign  of  dirt  and  neglect,  as  in  the  case  of 
infestation  by  fleas.  The  infestation  may  be  accidental  and  persist  in  the  face 
of  scrupulous  regard  to  cleanliness. 

When  once  ships  or  trains  have  become  badly  infested,  there  is  practically 
no  other  way  of  thoroughly  ridding  these  conveyances  except  by  complete 
fumigation  with  SO.,  or  hydrocyanic  acid  gas. 

II.  FAMILY  REDUVIIDiE. 

This  large  family  comprises  numerous  species  of  active  rapacious  land  bugs 
which,  though  of  world-wide  distribution,  are  particularly  numerous  in  the 
tropics.  The  majority  of  the  Reduviidae  have  the  legs  well  developed  and  are 
capable  of  rapid  movement.  The  wings  are  also  usually  well  developed  and 
the  insects  are  capable  of  rapid  and  sustained  flight.  Many  species  are  noc¬ 
turnal  and,  in  the  tropics  and  elsewhere,  are  often  found  as  members  of  the 
annoying  insect  gatherings  round  lamps  or  lights  of  any  sort  at  night.  In 
America  the  conspicuous  members  of  this  family  are  popularly  termed  ‘  cone- 
nose  bugs  ’. 

The  head  is  generally  elongate,  the  eyes  are  large  and  conspicuous,  and 
are  placed  well  forward  and  at  the  sides  of  the  head.  The  ocelli,  when  these 
are  present,  are  situated  further  back.  The  proboscis  resembles  a  prolonga¬ 
tion  of  the  anterior  part  of  the  head,  simply  bent  back  ventrally  and  lying  more 
or  less  parallel  to  the  ventral  surface  of  the  head.  It  is  usually  made  up  of  three 
segments.  The  antennae  are  long  and  are  composed  of  four  joints.  The  wings 
in  repose  lie  in  contact  with  the  abdomen  and  the  elytra,  if  present,  consist  of 
three  divisions.  The  tarsi  are  three- jointed. 

Many  of  the  Reduviid  bugs  are  predaceous,  living  on  the  juices  of  other 
insects  and  spiders,  but  the  majority  live  on  plant  juices.  Most  species  are 
diurnal  in  habit,  but  some  are  nocturnal.  The  latter  are  frequently  found  in 
houses  at  night,  being  attracted  by  lights  of  any  sort. 

Several  species  that  are  found  in  houses  are  blood-suckers,  and  attack  man, 
the  most  notorious  of  these  belonging  to  the  genus  Triatomci  (Conorhinus). 
All  the  Reduviidae  should,  however,  be  handled  with  care,  as  when  picked  up 
in  the  fingers  they  often  drive  the  proboscis  into  the  skin  in  self-defence,  and 
may  inflict  a  severe  and  painful  wound.  Some  of  the  larger  species  have  the 
proboscis  as  large  in  diameter  as  a  small  trochar,  and  the  bite  seems  in  many 
cases  to  be  somewhat  poisonous,  judging  from  the  pain  and  inflammation  that 
ensue. 

The  metamorphosis  of  the  Reduviidae  is  incomplete  and  resembles  that  of 
the  Cimicidae.  The  larvae  and  nymphs  of  some  of  the  species  that  live  in  the 
open  have  the  remarkable  habit  of  covering  their  bodies  with  bits  of  broken 
leaf,  small  sticks,  etc.,  completely  disguising  themselves  thereby. 
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Whole  families  of  brilliantly  coloured  Reduviid  bugs  may  often  be  found  in 
the  tropics  living  on  fallen  seed-pods,  decaying  tree  trunks,  or  other  fallen 
vegetation.  The  complete  life- history  may  be  read  among  these  communities, 
as  usually  all  stages  are  present. 

Reduviidae  of  importance  to  man.  The  bugs  of  this  family  that  are  important 
to  man  are  the  blood-sucking  species  and  those  predaceous  on  harmful  insects. 

Blood-sucking  Reduviidae.  Genus  Triatoma  ( Conorhinus ).  The  members  of 
this  genus  are  large  bugs,  an  inch  (25-4  mm.)  or  more  in  length,  and  of  a  black 
or  dark-brown  colour,  ornamented  with  red  or  yellow  markings  on  the  head, 
thorax,  wings,  and  abdomen.  The  eyes  are  well  developed  and  prominent.  The 
ocelli  are  also  well  developed  and  lie  above  and  behind  the  eyes.  The  antennae 
are  long  and  consist  of  four  segments.  The  proboscis,  which  is  stout  and  short, 
is  bent  loosely  under  the  head  when  out  of  action,  but  is  thrust  forward  when 
the  insect  is  about  to  bite.  The  first  segment  of  the  proboscis  is  very  much 
shorter  than  the  second  segment.  The  males  can  be  distinguished  from  the 
females  in  that  the  end  of  the  abdomen  of  the  former  is  rounded  off  bluntly, 
while  in  the  female  it  is  pointed.  The  ventral  side  of  the  abdomen  is  convex, 
and  the  dorsal  surface  more  or  less  flat,  while  the  margins  of  the  abdomen  (the 
connexivum)  are  often  ridged.  In  the  legs  the  posterior  tibiae  are  longer  than 
the  femora. 

The  following  species  in  this  genus  are  of  importance.  Both  males  and 
females  are  blood-suckers. 

Triatoma  megista  Burm.  is  a  large  black  species  with  regularly  arranged 
red  markings  on  the  prothorax,  wings,  and  abdomen  (fig.  169).  On  the 
pronotum  there  are  six  short  spines,  three  on  each  side  of  the  middle  line. 
On  the  connexivum  there  are  six  conspicuous  bright  red  lines  which  extend 
round  to  the  under  surface  of  the  insect.  Length  30-32  mm.  T.  megista  is 
a  common  bug  in  certain  parts  of  South  America,  notably  in  Brazil  where  it  is 
popularly  called  the  4  Barbeiro  ’  (the  barber)  and  4  bicho  de  parede  ’  (the  wall 
insect).  Chagas  has  shown  this  insect  to  be  the  intermediate  host  and  vector  of 
South  American  trypanosomiasis  (Vol.  II).  Experimentally  the  trypanosome 
has  been  transmitted  by  the  bite  of  an  infected  T.  megista  to  monkeys, 
dogs,  rabbits,  and  guinea-pigs. 

Neiva  has  studied  and  described  the  life-history  and  bionomics  of  the  bug 
in  detail.  He  informs  us  that  the  insect  is  almost  entirely  a  domestic  bug,  and 
that  it  enters  and  lives  in  inhabited  houses  but  will  have  nothing  to  do  with 
untenanted  dwellings.  It  lays  its  eggs  in  the  cracks  and  crevices  in  walls,  and 
the  wingless  young  stages  crawl  out  of  these  places  at  night  and  make  their 
way  to  the  beds  of  the  occupants  of  the  house.  The  adults,  which  are  capable 
of  flight,  can  even  reach  persons  sleeping  in  hammocks.  The  bite  is  said  to  be 
painless  and  leaves  no  mark. 

The  egg,  which  is  about  2  mm.  in  length  by  1  mm.  in  breadth,  is  of  a  creamy 
white  colour,  darkening  to  a  lemon  yellow  when  the  larva  is  about  to 
emerge.  It  is  round  at  one  end  and  flat  at  the  other,  formed  into  an  operculum 
at  the  flattened  end.  The  eggs  are  laid  in  batches  of  from  eight  to  twelve,  and 
as  many  as  forty-five  batches  may  be  laid. 

Neiva  states  that  the  larva  is  of  a  uniform  light  colour  when  it  emerges,  but 
that  it  soon  becomes  darker.  It  takes  its  first  meal  of  blood  some  five  to  eight 
days  after  emergence,  and  feeds  again  between  the  fifteenth  and  the  twentieth 
day.  After  a  lapse  of  about  forty-five  days  it  moults  and  assumes  the  first 
nymphal  stage,  moulting  again  between  the  second  and  third  months 


320 


ENTOMOLOGY 


to  become  the  second  nymphal  stage.  The  third  nymphal  stage  is  reached 
between  the  fourth  and  sixth  months  :  the  fourth  moult  takes  place  about 
190  days  after  the  emergence  from  the  egg,  and  this  stage  (the  fourth  nymphal) 
lasts  for  at  least  forty-two  days.  Neiva  points  out  that  this  is  the  most  critical 
period  of  the  life-history  to  the  insect,  and  that  large  numbers  die  at  this  stage. 

Insects  that  survive  the  fourth  nymphal  stage  moult  once  more,  and  then 
reach  the  adult  condition.  They  are  ready  for  a  blood  meal  about  eight  days 
later.  Oviposition  starts  about  the  fifty-fifth  day  after  the  first  feed. 


Fig.  169.  Triatoma  megista  Burmeister.  $>,  x  3. 


Nieva  kept  one  adult  female  under  observation  for  nearly  three  and  a  half 
months  during  which  period  it  laid  as  many  as  218  eggs  in  thirty-eight  batches. 

The  complete  cycle  from  egg  to  egg  is  completed,  under  favourable  conditions, 
in  about  324  days. 

Distribution.  It  is  widely  distributed  in  Brazil,  particularly  in  the  States 
of  Motto  Grosso,  Sao  Paulo,  Minas  Gseras,  and  Rio  Grande  de  Sul.  Nieva 
states  that  it  occurs  also  in  British  Guiana. 

Triatoma  rubrofasciata  de  Geer,  resembles  T.  megista ,  but  differs 
from  it  in  the  following  particulars.  It  is  of  a  dull  brown  colour,  with  the 
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basal  margin  of  the  head  reddish.  The  first  joint  of  the  antennae  does  not  quite 
reach  the  apex  of  the  head.  There  are  only  two  spines  on  the  pronotum,  which 
are  situated  at  the  anterior  angles.  Length  19-23  mm. 

Life-history  and  bionomics.  This  is  a  common  nocturnal  species  in 
India.  It  is  known  to  bite  man  and  will  inflict  a  painful  bite  if  carelessly 
handled.  It  has  been  suggested  by  Donovan  as  a  possible  vector  of  kala-azar 
in  Madras,  but  there  is  very  little  evidence  that  this  could  be  the  case.  Patton 
has  successfully  bred  this  insect  in  the  laboratory,  feeding  it  on  rabbits.  He 
gives  the  times  of  development  as  follows.  Incubation  period  of  the  egg  twenty 
to  thirty  days,  depending  upon  temperature.  Larval  stage,  ten  to  fifteen  days. 
The  larva  will  feed  three  days  after 
hatching  out,  and  feeds  once  or  twice 
while  a  larva.  First  nymphal  stage 
fifteen  to  twenty  days,  during  which 
the  insect  feeds  at  least  three  times. 

Second  nymphal  stage  forty  to  forty- 
five  days,  with  about  five  meals  mean¬ 
time.  Third  nymphal  stage  thirty-five 
days,  with  five  blood  meals.  Fourth 
nymphal  stage  a  further  forty  days, 
with  six  or  seven  blood  meals.  The 
time,  therefore,  required  for  the  larva 
to  become  adult,  under  the  most 
favourable  conditions,  is  from  four  and 
a  half  to  five  months,  and  during  this 
period  Patton  states  it  will  feed  at  least 
twenty  times. 

Distribution.  Very  widely  dis¬ 
tributed  in  the  tropics  and  sub-tropics. 

It  has  been  recorded  from  Brazil  and 
elsewhere  in  South  America,  Zanzibar, 

East  Africa,  India,  Indo-China,  Malay 
Peninsula,  the  Philippine  Islands,  For¬ 
mosa,  Japan,  and  the  Antilles. 

Triatoma  sanguisuga  Lee.  The 
general  body-colour  of  this  bug  is  dark 
brown  on  which  there  is  an  ornamenta¬ 
tion  of  pink  streaks  and  spots.  There 
is  a  short  pink  spine  on  each  of  the 
anterior  borders  of  the  pronotum,  and  two  raised  red  lines  on  the  pronotum 
on  each  side  of  the  median  line.  The  connexivum  is  brown  with  light  pink 
stripes  extending  for  a  short  distance  on  to  the  ventral  surface. 

This  bug,  which  in  America  is  called  ‘  the  blood-sucking  cone-nose  ’  or  the 
‘  Texas  bed  bug  ’,  seems  to  be  a  voracious  insect  and,  according  to  Morrill,  is 
common  in  houses  in  Arizona,  and  there  takes  the  place  of  C.  lectularius.  In 
life  history  and  habit  it  very  much  resembles  T.  rubrofasciatus  and,  although  it 
feeds  on  blood,  it  is  thought  that  the  usual  diet  of  these  bugs  is  the  juices  of 
‘other  insects.  It  is  said  that  only  the  adult  feeds  upon  human  blood. 

Distribution.  North  America  (U.S.),  particularly  in  the  valley  of  the 
Mississippi. 

Triatoma  uhleri  Neiva.  A  dark  mahogany-coloured  bug.  There  are  two 
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Fig.  170.  Mouth  parts  of  Triatoma  megista. 
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raised  lines  running  on  each  side  of  the  median  line  of  the  pronotum  and  these 
diverge  posteriorly.  This  bug  is  said  to  be  common  in  the  Southern  United 
States,  and  frequently  invades  houses  and  feeds  on  man. 

Other  blood-sucking  Reduviids  in  the  U.S.A.  are  : 

Triatoma  neotomce  Neiva.  Occurs  in  Texas,  Arizona,  Los  Borregoes,  etc. 
Its  mature  stages  were  found  by  Schwartz  to  be  feeding  on  the  rat,  Neotoma 
albigula. 

T.  neidemani  Neiva.  From  Texas,  Illinois,  Pennsylvania,  Tenessee,  etc. 
A  specimen  was  caught  in  the  act  of  biting  a  child  on  the  lip. 

Reduvius  perso7iatus  L.  Popularly  called  4  the  wheel  or  masked  bug  ’. 
It  is  a  black  insect  about  three-quarters  of  an  inch  (19  mm.)  in  length,  and 
occurred  in  large  numbers  in  Washington,  D.C.,  in  1899  when  it  was  accused 
of  causing  intense  pain,  swelling  of  the  part  bitten,  and  even  death  by 
its  bites. 

Nobis  subcoleoptratus  Kirby.  Recorded  by  Howard,  who  was  himself 
bitten  between  the  fingers,  as  causing  intense  pain. 

Rasahus  biguttatus  Say.  A  bug  that  is  common  in  the  Southern  United 
States,  Panama,  Cuba,  Para,  etc.,  where  it  is  known  as  the  4  two  spotted 
corsair  ’.  The  name  is  derived  from  two  large  spots  on  the  elytra.  It  frequently 
attacks  man,  causing  pain  and  swelling  at  the  seat  of  the  bite. 

Melanolestes  morio  Erichson. 

Melanolestes  abdominalis  Herrich-Shaffer. 

Two  bugs  that  were  very  common  in  Washington  in  1899.  Howard  cites  cases 
where  they  were  proved  to  bite  man.  Common  in  the  Southern  American  States, 
Mexico,  and  Guiana.  Nocturnal  in  habit. 

Triatoma  infestans  Klug.  This  bug  is  a  well-known  blood-sucker  in  South 
America  where  it  is  known  as  the  4  benchuca  ’  or  4  vinchucka  ’.  It  is  the  bug 
of  which  Darwin  speaks  in  his  A  Naturalist's  Voyage  (Voyage  of  the  Beagle) 
on  page  330,  as  follows  : 

At  night  I  experienced  an  attack  (for  it  deserves  no  less  a  name)  of  the  benchuca, 
a  species  of  Reduvius,  the  great  black  bug  of  the  pampas.  It  is  most  disgusting  to  feel 
soft  wingless  insects  crawling  over  one’s  body.  Before  sucking  they  are  quite  thin, 
but  afterwards  they  become  round  and  bloated  with  blood,  and  in  this  state  are  easily 
crushed.  One  which  I  caught  at  Iquique  (for  they  are  found  in  Chili  and  Peru)  was 
empty.  When  placed  on  a  table  and  though  surrounded  with  people,  if  a  finger  was 
presented  the  bold  insect  would  immediately  protrude  its  sucker,  make  a  charge,  and 
if  allowed  draw  blood.  No  pain  was  caused  by  the  wound.  It  was  curious  to  watch 
its  body  during  the  action  of  sucking,  as  in  less  than  ten  minutes  it  changed  from  being 
flat  as  a  wafer  to  a  globular  form.  This  one  feast,  for  which  the  benchuca  was  indebted 
to  one  of  the  officers,  kept  it  fat  during  four  whole  months,  but  after  the  first  fortnight 
it  was  quite  ready  to  have  another  suck. 

No  description  of  this  bug  is  available. 

Phoner gates  bicoloripes  Stal.  A  Reduviid,  native  of  Africa,  where  it  attacks 
man.  Austen  records  the  fact  that  he  has  observed  a  specimen  seize  and  feed 
upon  an  Ornithodorus  7noubata. 

Certain  Asiatic  species  of  Reduviidae  are  gnat-like  with  transparent  wings, 
and  a  species  belonging  to  this  group  is  known  to  attack  man. 

III.  FAMILY  ARADID.ZE. 

These  bugs  live  under  the  bark  of  trees,  fallen  leaves,  lichen,  etc.  They  are 
broad  and  remarkably  flattened,  and  the  connexivum  is  very  broad  and  thin, 
often  thrown  into  folds  on  the  outer  margin.  The  rostrum  is  three- jointed 
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and  the  antennae  consist  of  four  segments.  The  elytra  have  no  cuneus,  and  the 
tarsi  of  the  legs  are  composed  of  two  segments  . 

Dysodius  lunatus  Fabr.  (fig.  163)  is  the  best-known  member  of  this  family. 
It  is  the  so-called  4  Pito  ’  bug  of  South  America,  and  is  known  to  frequent 
houses  commonly  and  to  bite  severely. 

The  Ochindundu  or  Wellman’s  bug.  This  is  a  species  described  by 
Wellman  from  West  Africa.  He  asserts  that  it  feeds  both  on  man  and  insects, 
and  that  the  natives  compare  the  bite  of  this  bug  to  that  of  a  poisonous  snake. 
Found  in  native  kraals. 


IV.  FAMILY  LYGiEIDiE. 

The  majority  of  the  bugs  belonging  to  this  family  are  plant  feeders,  but 
a  few  have  been  recorded  as  attacking  man.  Of  these  the  most  important  is  : 

Rhodinus  jprolixus  Stal.  Occurs  in  Colombia  and  other  parts  of  South 
America.  Its  bite  is  said  to  be  intensely 
painful,  but  it  apparently  only  rarely 
bites  man. 


V.  FAMILY  HYDROMETRID^E. 

This  family  contains  the  spidery- 
looking  bugs  so  commonly  seen  skim¬ 
ming  over  the  water  surface  of  ponds, 
rivers,  etc.,  and  popularly  known  as 
pond-skaters  or  water-striders.  They 
are  gregarious  insects  and  are  often 
found  in  large  companies.  They  prey 
upon  other  aquatic  insects,  and  to 
a  certain  extent  destroy  mosquito 
larvae  and  pupae. 

The  species  of  the  genus  Halobates 
live  on  the  surface  of  the  sea,  and  may 

be  found  hundreds  of  miles  from  the  shore.  They  are  the  only  known  insects 
that  have  made  the  ocean  their  environment. 


Fig.  171. 


Notonecta  glanca,  a  ‘  water 
boatman  ’. 


SUB-ORDER:  HETEROPTERA  CRYPTOCERATA. 

The  true  aquatic  bugs  in  which  the  antennae  are  hidden  in  grooves  in  the 
head.  They  are  of  interest  mainly  because  they  are  to  a  certain  extent  enemies 
of  mosquito  larvae  and  pupae.  Some,  however,  bite  when  carelessly  handled, 
and  Belostoma  the  giant  water  bug  is  said  to  inflict  a  very  painful  wound  which, 
from  the  after  effects,  is  considered  to  be  poisonous. 

Most  of  the  species  are  good  swimmers  and  equally  good  fliers,  leaving,  when 
conditions  become  unsuitable,  the  ponds  in  which  they  live  and  feed  and  flying 
to  new  surroundings.  They  may  often  be  seen  leaving  and  entering  ponds,  and 
plunging  into  the  water  or  rising  from  it  at  a  remarkable  rate. 

The  chief  families  of  interest  are  : 

The  Belostomatidse  or  the  giant  water  bugs,  which  are  common  in  the 
stagnant  water  collections  or  slowly  moving  rivers  in  the  tropics.  Some  species 
are  over  3  inches  (75  mm.)  in  length  and  are  armed  with  a  formidable  pro¬ 
boscis  which  they  do  not  hesitate  to  use  in  self-defence.  It  is  recorded  that 
these  bugs  have  been  seen  to  catch  and  overpower  frogs  and  fish,  and  there  is 
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an  account  of  a  Belostoma  which  killed  a  small  bird  by  driving  its  proboscis  into 
the  brain  of  its  victim. 

The  Notonectidse  or  water  boatmen.  These  are  the  common  oval-shaped 
bugs  that  have  broad  paddle-like  legs,  and  that  swim  on  their  backs,  (fig.  171). 

The  Corixidae,  also  called  water  boatmen,  and  similar  in  shape  and  habits 
to  the  Notonectidae,  differ  in  the  fact  that  they  swim  normally. 

The  Nepidae,  the  water  scorpions.  These  are  ugly  looking  creatures  with 
raptorial  front  legs  and  having  the  terminal  end  of  the  abdomen  drawn  out 
into  a  long  breathing  tube,  the  tip  of  which  is  thrust  about  the  water  surface 
while  the  insect  is  undisturbed.  They  are  common  among  the  weeds  and  mud 
of  stagnant  pools. 
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CHAPTER  17 

THE  BLOOD- SUCKING  NEMATOCERA 

BY 

HENRY  F.  CARTER 

Lecturer  in  Entomology,  Liverpool  School  of  Tropical  Medicine. 

Synopsis  :  Family  Culicidae,  p.  325  ;  Family  Psychodidae,  p.  365  ;  Family  Chironomidae, 
p.  374  ;  Family  Simuliidae,  p.  381. 

The  Nematocerous  Diptera  form  one  of  the  chief  divisions  of  the  true  flies 
and  are  of  great  economic  importance.  Large  numbers  of  species  are  harmful  to 
man  whether  indirectly  by  attacking  his  crops  and  domesticated  animals  or 
directly  by  sucking  his  blood.  It  is  to  the  blood -sucking  forms,  however,  that 
this  group  owes  its  extreme  importance,  for  not  only  are  the  annoyance  and 
discomfort  caused  by  their  bites  often  intense,  but  the  spread  of  certain  danger¬ 
ous  diseases  is  due  solely  to  their  agency.  In  tropical  regions  particularly,  the 
capability  of  some  species  to  act  as  disease  carriers  has  caused  incalculable  loss 
to  mankind  and  has  proved  a  serious  obstacle  to  the  progress  of  civilization. 

The  Nematocera  are  less  specialized  than  other  Diptera  and  belong  to  the 
sub-order  Orthorrapha,  the  members  of  which  escape  from  the  pupal  case 
through  a  T-shaped  rent  on  the  dorsal  surface  and  are  devoid  of  a  frontal  lunule 
and  ptilinum.  A  great  number  of  flies  of  very  variable  size  and  appearance 
are  included  in  the  group.  They  are,  however,  usually  slenderly-built,  long- 
legged  insects  with  elongate  filiform  antennae.  These  organs  are  always  com¬ 
posed  of  several  segments  (from  six  to  sixteen  or  more)  with  the  basal  two 
often  differentiated  from  the  rest,  which  are  more  or  less  similar  to  each  other 
and  frequently  carry  whorls  of  relatively  strong  hairs.  The  maxillary  palpi  are 
commonly  composed  of  four  or  five  segments  and  may  be  of  considerable  length. 
The  larvae  possess  distinct  heads  armed  with  horizontally-moving  mandibles 
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and  are  mainly  aquatic  or  semi-aquatic  in  habit  ;  the  respiratory  system  is 
variable  and  often  specially  adapted  to  the  mode  of  life.  The  pupa  is  usually 
obtectate  and  is  rarely  enclosed  within  the  larval  skin  ;  it  takes  no  food  but 
may  be  active  and,  except  in  a  few  species,  bears  a  pair  of  elongate  respiratory 
tubes  on  the  dorsal  surface  of  the  thorax. 

Several  families  are  included  in  this  section,  but  only  four— Culicidae,  Psy- 
chodidae,  Chironomidae,  and  Simuliidae — are  known  to  contain  species  which 
attack  man.  Not  all  the  species  belonging  to  these  families,  however,  are 
capable  of  biting,  and  in  the  Psychodidae  and  Chironomidae  modification  of  the 
mouth  parts  necessary  to  ensure  piercing  of  the  skin  has  taken  place  in  a  relatively 
small  proportion  of  the  species.  In  the  Culicidae  and  Simuliidae  the  great 
majority  of  species  possess  mouth  parts  well  adapted  for  piercing,  although  the 
blood-sucking  habit  is  apparently  less  powerfully  developed  in  some  forms  than 
in  others. 

FAMILY  CULICIDiE. 

Small  to  medium  size  (2-12  mm.),  often  scaly  flies.  Eyes  reniform,  separate 
or  contiguous  above ;  ocelli  absent.  Proboscis  greatly  elongated  and  adapted 
for  piercing,  or  short  and  soft ;  palpi  long  or  short,  composed  of  one  to  six 
segments.  Antennae  composed  of  fifteen  segments,  filiform,  usually  plumose  in 
the  male.  Thorax  arched,  sometimes  projecting  slightly  over  the  head,  with¬ 
out  a  transverse  suture.  Abdomen  consisting  of  nine  segments  ;  male  geni¬ 
talia  external,  moderate.  Wings  narrow,  the  posterior  border  fringed  with 
scales  and  the  veins  bearing  scales  or  hairs  ;  costal  vein  encompassing  the  wing  ; 
longitudinal  veins  six  in  number,  the  second,  fourth,  and  fifth  forked.  Legs  long 
and  slender,  the  tarsi  elongate,  the  claws  simple  or  toothed. 

The  Culicidae  fall  naturally  into  two  sub-families,  the  Culicinae  or  mosquitoes 
and  the  Chaoborinae  (Corethrinae). 

Sub-family  Culicinae.  Proboscis  elongate,  longer  than  the  head  and  thorax 
together  ;  palpi  often  long  in  one  or  both  sexes,  straight  when  short  ;  legs  and 
wings  scaly. 

Sub-family  Chaoborinae.  Proboscis  very  short,  not  longer  than  the  head  ; 
palpi  short  and  curled  downwards ;  legs  and  wings  hairy — scales  (except  in  the 
genus  Ramcia)  present  only  on  the  hind  margins  of  the  wings  or  at  the  cross 
veins. 

Some  authorities  consider  that  the  family  Dixidae  should  form  a  third 
division  of  the  Culicidae.  The  Dixids  are  small  flies  somewhat  resembling 
mosquitoes,  but  their  bodies  and  wings  are  practically  bare,  their  wings  are 
relatively  wider  and  without  a  fringe  and  the  venation  is  slightly  different. 
The  proboscis  is  very  short  and  is  not  adapted  for  piercing.  The  larva 
superficially  resembles  that  of  Anopheles,  but  may  be  immediately  distinguished 
by  the  ventral  pseudopods  on  the  fourth  and  fifth  segments  and  by  its  habit  of 
lying  with  the  body  bent  from  side  to  side— hair-pin  like — on  some  object  at 
the  surface  of  the  water. 

The  Chaoborinae  form  a  small  group  of  mosquito-like  flies  of  rather  variable 
structure  in  both  adult  and  immature  stages.  They  do  not  suck  blood.  The 
early  stages  are  aquatic  and  the  eggs  are  often  deposited  in  a  gelatinous  matrix 
upon  the  surface  of  the  water.  The  larvae  are  predaceous  and  feed  upon  small 
Crustacea,  mosquito  and  other  insect  larvae  ;  they  are  devoid  of  mouth-brushes 
and  possess  prehensile  antennae.  The  larvae  of  Chaoborus  ( Corethra ,  auct.)  are 
familiar  objects  and  from  their  almost  complete  transparency  are  known  as 
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‘  phantom  larvae  5  ;  they  assume  a  horizontal  position  below  the  surface  of  the 
water  and  often  remain  motionless  for  several  minutes.  Those  of  Coretlira 
( Mochlonyx ,  auct.)  and  Ramcia  are  much  more  like  mosquito  larvae  in  general 
appearance  and  are  each  provided  with  an  air- tube  on  the  eighth  abdominal 
segment. 

SUB-FAMILY  CULICINiE. 

Synonym.  Culicidce ,  Theobald  et  auct. 

This  sub-family  includes  all  the  true  mosquitoes  or  gnats  and  the  vast 
majority  of  species  belonging  to  the  family  Culicidae.  Over  1,000  species  are 
now  recognized  and  members  of  the  group  are  found  in  all  parts  of  the  world, 
some  even  occurring  in  the  Arctic  and  Antarctic  regions.  They  are  for  the  most 
part  small,  delicately-built,  long-legged  insects  with  exceptionally  long,  slender, 
proboscides  and  with  a  dense  covering  of  variously  shaped  scales  on  at  least  some 
parts  of  their  bodies.  All  the  known  forms  are  aquatic  in  their  early  stages  and 
are  active  both  as  larvae  and  as  pupae.  The  adult  females  of  most  species  live 
upon  the  blood  of  mammals  or  birds. 

STRUCTURE. 

The  head  is  sub-spherical  and  produced  in  front  into  a  relatively  large, 
rounded,  and  usually  naked  clypeus.  The  eyes  are  large,  often  contiguous  in 
both  sexes,  with  the  inner  edges  deeply  emarginate  near  the  insertions  of  the 
antennae.  Ocelli  are  wanting.  The  occiput  is  clothed  with  hairs  and  scales 
and  sometimes  extends  as  a  wedge-shaped  strip  of  chitin,  of  varying  width, 
between  the  eyes. 

The  antennae  are  composed  of  fifteen  segments  in  both  sexes,  but  the  first 
segment  is  extremely  small  and  is  frequently  overlooked.  The  second  segment 
is  large  (usually  very  large  in  the  males)  and  sub-spherical  with  a  deep  dorsal 
pit  into  which  the  base  of  the  third  segment  is  inserted.  The  flagellum  consists 
of  thirteen  segments  (three  to  fifteen  inclusive)  the  shape  and  relative  lengths 
of  which  show  much  generic  variation  and  usually  differ  considerably  in  the 
sexes.  In  the  females  they  are  generally  sub-equal  in  length,  elongate  and 
cylindrical,  each  with  a  whorl  of  rather  coarse  hairs  near  the  base  and  with 
numerous  fine,  short  hairs  scattered  over  the  rest  of  the  surface  ;  the  third 
antennal  segment  is  often  somewhat  thickened  and  is  devoid  of  the  basal  whorl 
of  hairs.  In  most  males  the  antennae  are  distinctly  plumose,  the  hairs  com¬ 
posing  the  whorls  being  much  longer  and  more  numerous  than  in  the  females  ; 
the  segments  of  the  flagellum — except  the  last  two,  which  are  greatly  elongated — 
are  shorter,,  and  the  whorls  arise  near  their  distal  extremities. 

The  proboscis  appears  to  the  naked  eye  as  a  single  elongate  cylindrical 
structure  projecting  forward  from  the  head.  In  the  female  it  consists  of  seven 
organs,  namely  the  labrum,  the  two  mandibles,  the  hypopharynx,  the  two 
maxillae  and  the  labium,  but  in  repose  the  large  flexible  labium  or  lower  lip 
ensheaths  and  conceals  the  others.  In  most  mosquitoes  the  labium  is  more  or 
less  straight  and  about  as  long  as  the  head  and  thorax  taken  together  ;  but  in 
some  species  it  is  of  even  greater  length  with  the  apical  half  thin  and  tapering 
and  bent  downwards  and  backwards  (cf.  fig.  174  g),  while  in  certain  males  it  is 
distinctly  elbowed  near  the  middle.  It  terminates  distally  in  a  pair  of  small 
pointed  labellae  and  its  external  surface  is  covered  with  scales  and  hairs.  It  is  a 
hollow  structure  with  a  deep  dorsal  longitudinal  groove  or  gutter  in  which  the 
remaining  organs  lie.  The  labrum  or  upper  lip,  although  far  more  delicate,  is 
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next  in  size  to  the  labium  and  occupies  a  dorsal  position  within  the  labial  gutter  ; 
it  is  pointed  distally  and  forms  an  incomplete  tube  owing  to  its  sides  being  greatly 
incurved  and  almost  meeting  in  the  middle  ventral  line.  The  remaining  organs 
are  all  slender  and  thread-like,  but  may  be  distinguished  by  the  structure  of  their 
distal  extremities.  The  hypopharynx  tapers  to  a  fine  point  and  normally 
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Fig.  172.  Head  of  female  Anopheles  coslalis  Theo.,  showing  the  mouth  parts 
separated.  L.,  labium;  Lr.,  labrum ;  H.,  hypopharynx;  Md.,  mandible; 
Mx.,  maxilla  ;  P.,  palpus.  (  X  40  circa.) 


presses  against  the  ventral  surface  of  the  labrum,  thus  completing  the  tube  by 
closing  the  narrow  space  between  the  incurving  sides  of  the  latter  ;  it  is  per¬ 
forated  by  the  salivary  duct.  The  mandibles  are  extremely  delicate  organs 
with  slightly  expanded  and  usually  minutely  serrated  apices.  The  maxillae 
*  are  stouter  than  the  mandibles  with  the  tips  generally  curved  outwards  and 
armed  on  their  inner  edges  with  several  relatively  coarse  teeth.  In  the  male 
the  mandibles  and  maxillae  are  absent  or  rudimentary  and  the  hypopharynx 
is  sometimes  fused  with  the  labium.  During  the  act  of  biting  the  iabellae  are 
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placed  upon  the  skin,  the  labium  is  bent  backwards  near  the  middle  and  the 
remaining  organs,  closely  grouped  together  and  guided  by  the  labellse,  are 
inserted  into  the  skin.  The  blood  is  drawn  along  the  tube  formed  by  the  labrum 
and  hypopharynx. 

The  palpi  arise  from  the  outer  side  of  the  base  of  each  maxilla  ;  they  vary 
greatly  in  form  and  differ  considerably  in  length,  shape,  and  number  of  seg¬ 
ments.  If  the  small  basal  divisions  which  occur  in  many  species  be  counted 
as  true  segments,  the  variation  in  the  number  of  the  joints  will  be  one  to  six. 
Sexual  modification  of  the  palpi  is  often  great ;  in  the  Anophelini  the  palpi 
of  both  sexes  are  about  the  same  length  as  the  proboscis,  those  of  the  males 
being  swollen  distally,  but  in  all  other  tribes  the  female  palpi  are  considerably 
shorter  (often  minute)  while  the  male  palpi,  though  frequently  as  long  as  or 
longer  than  the  proboscis,  show  much  variation  in  length.  The  palpi  are  clothed 

with  scales  and  in  many  males 
the  last  two  segments  carry  dense 
tufts  of  hairs. 

The  thorax  consists  mainly  of 
the  middle  segment  or  meso- 
thorax,  the  prothorax  and  meta¬ 
thorax  being  much  reduced  in  size. 
The  dorsal  plates  of  the  prothorax 
project  as  small  lobe-like  struc¬ 
tures  (the  prothoracic  lobes  or 
patagia),  one  on  each  side,  from 
the  antero-lateral  region  of  the 
mesothorax.  The  dorsum  of  the 
mesothorax  consists  of  a  large 
anterior  mass  which  carries  the 
wings,  and  a  smaller  rounded 
posterior  area,  the  postscutellum. 
The  greater  part  of  the  anterior 
mass  forms  the  scutum ;  this  is 
sharply  limited  behind  by  a 
narrow  transverse  plate,  the  scutellum,  which  projects  slightly  over  the  postscu¬ 
tellum.  The  scutellum  is  bordered  with  relatively  long  bristles  and  its  outer 
margin  is  either  gently  rounded  (Anophelini,  Megarhinini)  or  trilobed  (Culicini, 
Sabethini)  (cf.  fig.  174  d  and  e).  The  postscutellum  (sometimes  wrongly  termed 
the  metanotum)  is  usually  bare  but  in  some  mosquitoes  carries  a  bunch  of  small 
bristles  and,  occasionally,  scales.  The  metathorax  is  extremely  small  and 
dorsally  is  visible  as  a  narrow  strip  of  chitin  between  the  postscutellum  and 
first  abdominal  segment.  It  carries  the  club-like  halteres  or  balancers,  the 
representatives  of  the  second  pair  of  wings.  Two  pairs  of  spiracles  are  present 
on  the  sides  of  the  thorax,  the  first  pair  situated  almost  directly  above  the  front 
cox8c  and  the  second  pair  above  the  hind  coxse. 

The  wings  are  long  and  narrow  and  when  the  mosquito  is  resting  are  closed 
one  over  the  other  above  the  abdomen.  The  venation  is  remarkably  uniform 
throughout  the  family  and  consists  of  the  costa,  which  runs  round  the  entire 
margin,  the  sub-costa,  and  six  longitudinal  veins.  The  sub-costal  or  auxiliary 
vein  extends  just  below  the  anterior  margin  which  it  joins  near  the  distal  third. 
The  longitudinal  veins  are  arranged  as  shown  in  figs.  174  and  175.  the  second, 
fourth,  and  fifth  being  forked.  The  second  and  third  veins  do  not  arise  from 
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Fig.  173.  Transverse  section  through  the 
middle  of  the  proboscis  of  a  female  Anopheles 
maculipennis,  showing  the  relative  positions  of 
the  mouth  parts  when  at  rest,  la,,  labium  ;  lr., 
labrum  ;  mn.,  mandible  ;  mx.,  maxilla  ;  hp., 
hypopharynx ;  tr.,  tracheae ;  mus.,  muscle.  (After 
Nuttall  and  Shipley,  Journ.  Hyg.,  Vol.  I.) 


PLATE  II  . 


ANOPHELES  BIFURCATUS 


Female  . 
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Fig.  174.  Diagrams  illustrating  the  external  anatomy  of  mosquitoes.  A., 
Culex  sp.,  male  ;  pr.,  proboscis  ;  p.,  palpus  ;  an.,  antenna ;  cl.,  clypeus  ;  e., 
eye  ;  oc.,  occiput ;  p.l.,  prothoracic  lobe  ;  sc.,  scutum  of  mesothorax  ;  h.,  haltere  ; 
ab.,  abdomen  ;  g.,  genitalia;  is.,  tarsus  ;  mt.,  metatarsus  or  first  tarsal  segment  ; 
t.,  tibia  ;  /.,  femur  ;  w.,  wing  showing  1,  2,  and  3,  the  first,  second,  and  third 
fork-cells  and  pt.,  petiole  of  the  first  fork-cell.  B.,  Anopheles  sp.,  female,  head. 
C.,  Culex  sp.,  female,  head.  D.,  Culex  sp.,  scutellum  and  postscutellum. 
E.,  Anopheles  sp.,  scutellum  and  postscutellum.  F.,  Side  view  of  postscutellum 
of  a  Sabethid,  showing  bristles.  G.,  Megarhinini :  T oxorhyn chit es  sp.,  female, 
head. 
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the  base  of  the  wing  but  from  the  veins  preceding  them,  namely,  the  first  and 
second  respectively.  Their  extreme  bases  are  frequently  angulate  and  have 
been  regarded  as  cross-veins  by  some  authorities  ;  that  of  the  second  has  been 
termed  the  4  marginal  cross-vein  ’  and  that  of  the  third  the  4  supernumerary 
cross-vein  ’  (cf.  fig.  175).  The  true  cross-veins  are  the  humeral,  situated  at 
the  base  of  the  wing  and  connecting  the  sub-costa  with  the  costa,  the  middle 
or  anterior,  joining  the  base  of  the  third  vein  to  the  fourth  vein,  and  the 
posterior  or  basal,  usually  situated  slightly  before  the  middle  cross-vein  and 
joining  the  fourth  vein  with  the  upper  branch  of  the  fifth  vein. 

The  legs  are  long  and  slender,  especially  in  Anoj^heles,  and  are  attached  by 
their  basal  joints  or  coxae  to  the  lower  part  of  the  thorax.  The  trochanters 
connect  the  coxae  with  the  femora  ;  they  are  very  small  and  articulate  freely 
with  the  coxae.  The  femora  and  tibiae  are  slender,  of  almost  equal  length, 
and  are  usually  somewhat  thickened  distally  ;  at  their  apices  they  bear  short 
stout  spines  or  setae.  The  tarsi  are  elongate  and  consist  of  five  segments  the 


Fig.  175.  Wing  of  Anopheles  annulipes  Wlk.  c.,  costa ;  s.,  sub-costa ;  1-6,  first 
to  sixth  longitudinal  veins  ;  h.c.,  humeral  cross-vein  ;  a.,  base  of  second  long 
vein  or  ‘  marginal  cross-vein  ’  ;  s.c.,  ‘  supernumerary  cross-vein  ’  ;  m.c.,  middle 
or  anterior  cross-vein  ;  p.c..  posterior  cross-vein  ;  /.,  fringe  scales.  (  X  30  circa.) 


relative  lengths  of  which  differ  on  the  three  pairs  of  legs  ;  those  of  the  hind 
legs  are  usually  much  longer  than  the  others.  Generally  the  segments  decrease 
progressively  in  length  from  the  first  or  metatarsus,  which  is  always  long  and 
may  be  longer  than  the  tibia.  The  fifth  tarsal  segment  bears  a  pair  of  claws 
or  ungues  (in  Limatus  one  claw  only  is  present  on  the  hind  legs)  which  vary  in 
size  and  form  according  to  the  sex  and  species  and,  sometimes,  the  legs  on  which 
they  occur.  In  the  females  the  claws  are  often  of  equal  length,  with  or  with¬ 
out  a  tooth  near  the  middle  ;  in  most  males  the  claws  of  the  forelegs,  and  often 
those  of  the  middle  legs,  are  unequal  in  length  and  one  or  both  dentate.  In  both 
sexes  the  claws  of  the  hind  legs  are  often  simple  (without  teeth)  and  distinctly 
smaller  than  those  of  the  fore  and  middle  legs.  An  empodium,  usually  in  the 
form  of  a  delicate  setose  bristle,  projects  between  the  claws  of  some  species. 
The  legs  are  always  densely  clothed  with  scales  which  in  some  species  are  long 
and  outstanding,  forming  fringes  or  paddles. 

The  abdomen  consists  of  ten  segments  the  last  two  of  which  are  much 
reduced  and  modified  for  sexual  purposes.  The  first  eight  segments  are  usually 
distinctly  visible  and  are  formed  of  dorsal  and  ventral  chitinous  plates  connected 
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laterally  by  distensible  membrane.  A  pair  of  small  spiracles  is  situated  in  the 
pleural  membrane  of  each  of  the  second  to  seventh  segments  inclusive.  In  some 
females  the  eighth  segment  can  be  partially  or  wholly  retracted  into  the 
seventh  ;  the  ninth  segment  is  very  small  but  projects  ventrally  beyond  the 
tenth,  which  is  entirely  membranous  and  provided  with  a  pair  of  simple  variously- 
shaped  appendages,  the  cerci.  The  abdomen  of  the  male  is  usually  longer  and 
more  slender  and  hairy  than  that  of  the  female  and  carries  externally  at  its 
apex  the  genital  armature.  The  male  genitalia  are  of  much  systematic  impor¬ 
tance  and  consist  of  a  pair  of  lateral  lobed  clasping  organs  and  one  to  three 
sets  of  intermediate  basal  appendages. 

The  arrangement  and  form  of  the  scales  present  on  the  bodies  of  mosquitoes 
were  previously  largely  used  in  classification.  Scales  are  modified  hairs  and 
vary  greatly  in  size,  shape,  and  colour  on  different  parts  of  the  body  and  in 
different  species.  Many  types  of  scales  have  been  enumerated,  but  those  most 
commonly  seen  are  the  upright  forked  scales,  the  curved  scales,  and  the  flat 
scales.  The  upright  forked  scales  are  narrow  scales  with  long  slender  stems 
and  expanded  apices  ;  they  occur  on  the  heads  of  most  mosquitoes  and  project 
more  or  less  vertically  from  the  surface.  The  curved  scales  vary  from  very 
narrow  hair-like  to  broad  almost  spindle-shaped  forms  ;  they  are,  however, 
usually  sickle-shaped  and  loosely  applied  to  the  integument  and  are  often 
present  on  the  head  and  thorax.  The  flat  scales  are  closely  applied  to  the 
surface  and  may  be  spatulate  or  narrowly  or  broadly  elliptical ;  they  are 
frequently  arranged  in  dense  imbricated  layers  and  form  a  complete  covering 
to  the  part  of  the  body  on  which  they  occur.  They  are  so  arranged  on  the  legs, 
proboscis,  palpi  and,  in  all  except  Anopheles ,  the  abdomen;  they  often  occur, 
also,  on  the  head  and  thorax.  The  wings  bear  scales  on  the  veins  and  on  the 
margin,  those  on  the  distal  and  posterior  borders  being  very  long  and  forming 
a  conspicuous  fringe.  The  vein  scales  are  arranged  in  two  double  rows,  a  median 
and  a  lateral  row  on  each  side.  The  median  scales  are  often  small  and  closely 
applied  to  the  veins,  the  lateral  scales  (which  are  occasionally  absent)  are 
usually  long  and  narrow  and  more  numerous  on  the  distal  half  of  the  wing ; 
but  great  diversity  of  form  and  size  occurs  in  both  series  of  scales. 

INTERNAL  ANATOMY. 

Like  other  insects  a  mosquito  possesses  an  exoskeleton  of  chitin  enclosing 
a  body  cavity  or  haematocoele  which  is  in  communication  with  a  dorsal  vessel 
or  heart.  The  internal  anatomy  apparently  shows  little  variation  throughout 
the  sub-family  and  the  following  account  of  the  more  important  structures  of 
a  female  Anopheles  will  apply  in  the  main  to  any  species. 

Alimentary  canal.  This  may  be  divided  into  three  parts,  namely  fore-gut, 
mid-gut,  and  hind-gut.  The  fore-  and  hind-gut  are  lined  with  chitin,  the  mid-gut 
with  digestive  epithelium. 

The  fore-gut  consists  of  the  mouth,  the  buccal  cavity,  the  pharynx,  and  the 
oesophagus  with  the  three  oesophageal  diverticula.  The  mouth  as  styled  by 
Nuttall  and  Shipley  is  the  region  where  the  mouth  parts  coalesce,  and  is  situated 
slightly  behind  the  front  edge  of  the  clypeus.  The  buccal  cavity  extends  as 
a  short  tube  from  the  mouth  to  the  pharynx  ;  it  probably  assists  in  suction 
as  the  central  portion  of  the  roof  is  distinctly  membranous  and  can  be  raised 
or  depressed  by  muscles  attached  to  its  dorsal  surface  and  the  clypeus.  The 
pharynx  is  the  chief  pumping  organ.  It  is  a  pear-shaped  body,  tubular  anteriorly 
and  strongly  dilated  behind,  extending  from  the  buccal  cavity  to  the  oesophagus, 
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near  the  junction  with  which  is  a  powerful  sphincter  muscle.  Its  walls  are 
composed  of  three  strong  longitudinal  chitinous  plates,  one  dorsal  and  two 
lateral,  connected  at  their  edges  by  V-shaped  strips  of  thin  chitin.  At  rest  the 
lumen  is  triradiate,  but  on  contraction  of  the  dilator  muscles  attached  to  the 
plates  and  the  head  capsule,  it  becomes  subcircular  ;  when  these  muscles  relax 
the  elastic  rebound  of  the  plates  causes  them  to  regain  their  normal  position 
and  forces  the  food  backwards  into  the  oesophagus.  The  pharynx  is  much 
larger  and  stronger  in  the  female  than  in  the  male.  The  oesophagus  is  a  short 
thin-walled  tube  which,  after  leaving  the  pharynx,  passes  backwards  through 
the  brain  to  the  oesophageal  valve  in  the  anterior  part  of  the  thorax.  Near  its 
posterior  end  it  gives  off  three  delicate  distensible  sac-like  structures,  the  diverti¬ 
cula  or  food  reservoirs.  These  are  of  variable  shape  and  usually  contain  bubbles 
of  gas.  Two  of  them  are  situated  dorso-laterally  and  are  small  and  contained 
within  the  thorax  ;  the  third  is  ventral  and  very  large,  extending  a  considerable 
distance  into  the  abdomen.  The  oesophageal  valve,  or  homologue  of  the  pro- 


Fig.  176.  Schematic  longitudinal  section  of  a  female  Anopheles  maculipennis 
Mg.  1,  hypopharynx  ;  2,  salivary  glands  ;  3,  buccal  cavity  ;  4,  pharynx  ; 
5,  oesophagus  ;  6,  oesophageal  diverticula  ;  7,  oesophageal  valve  :  8  and  9, 
mid  -gut  ;  10,  Malpighian  tubule  ;  11,  ileum  ;  12,  colon  ;  13,  rectum  ;  14,  rectal 
papilla.  (After  Nuttall  and  Shipley,  Journ.  Hyg.,  Vol.  III.) 
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ventriculus,  is  merely  an  invagination  of  the  oesophagus  into  the  commencement 
of  the  mid-gut  ;  its  wall  is  provided  with  strong  bands  of  circular  muscle  fibres 
which  probably  regulate  the  flow  of  blood  from  the  diverticula  to  the  gut. 

The  mid-gut  extends  from  the  oesophageal  valve  in  the  thorax  to  the  begin¬ 
ning  of  the  hind-gut  near  the  distal  third  of  the  abdomen.  The  anterior  portion 
is  narrow  and  tubular,  the  posterior  portion  or  ‘  stomach  ’  dilated  and  sac-like  ; 
the  stomach  is  capable  of  great  distension  and  in  it  food  accumulates  and  the 
malarial  parasites  develop.  It  is  covered  with  a  loose  net-work  of  longitudinal 
and  circular  muscle  fibres. 

The  hind-gut  runs  from  the  pylorus  to  the  anus.  Immediately  behind  the 
posterior  end  of  the  mid-gut  is  a  distal  dilatation  into  which  open  the  Malpighian 
tubules.  Posterior  to  this  is  the  ileum,  a  short  thin-walled  dorsally  directed 
tube  which  merges  into  a  lower  and  slightly  wider  tube,  the  colon.  The  latter 
opens  suddenly  into  the  large  oval  rectum.  Projecting  into  the  rectum  are  six 
ovoid  papillie  each  abundantly  supplied  with  trachere. 

The  MALPIGHIAN  or  urinary  tubules  are  five  in  number  and  are  lined  with 
large  secretory  cells  ;  they  are  looped  anteriorly  above  their  origins  and  their 
extremities  are  held  in  position  near  the  rectum  by  tracheal  branches. 
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Salivary  organs.  The  salivary  apparatus  consists  of  a  pumping  organ,  ducts, 
and  three  tubular  glands  or  acini  situated  on  each  side  of  the  thorax  above 
the  first  pair  of  legs.  Each  gland  is  composed  of  a  delicate  basement  membrane 
and  secretory  cells  arranged  round  a  central  lumen,  the  intra-acinal  duct.  The 
central  glands  of  each  set  are  smaller  and  their  contents  clearer  and  more 
refractile  than  the  lateral  glands.  The  intra-acinal  ducts  unite  at  the  bases  of 
the  glands  to  form  a  single  duct  on  each  side  ;  these  lateral  ducts  converge  and 
pass  along  the  ventral  wall  of  the  neck  into  the  head  where,  near  the  anterior 
end  of  the  pharynx,  they  unite  into  a  common  duct.  This  runs  to  the  mem¬ 
branous  drum-like  salivary  pump  situated  at  the  base  of  the  hypopharynx. 

Reproductive  organs  of  the  female.  These  consist  primarily  of  a  pair  of 
ovaries  of  variable  size  and  shape  dependent  upon  the  state  of  their  development. 
Each  is  composed  of  a  large  number  of  follicular  tubes  containing  egg-follicles 
in  different  stages,  the  lowest  follicles  in  the  mature  ovary  being  fully  formed 
eggs.  From  each  ovary  a  short  muscular  tube  leads  into  a  still  more  muscular 
common  oviduct  which  is  situated  beneath  the  rectum  and  opens  on  the  ventral 
surface  of  the  eighth  segment.  A  sub-spherical,  chitinous  spermatheca  or 
seminal  receptacle  with  a  long  twisted  duct,  and  a  mucus  or  cement  gland, 
which  probably  secretes  a  protective  covering  for  the  eggs,  with  a  short  duct 
open  into  the  posterior  extremity  of  the  common  oviduct.  The  spermathecse 
vary  in  number :  Anopheles  and  Uranotaenia  only  possess  one,  other  mosquitoes 
usually  possess  three,  but  occasionally  (e.  g.  Mansonioides)  two  are  present. 

Respiratory  system.  Chitinous  air-tubes  or  tracheae  ramify  throughout  the 
body.  There  are  two  main  longitudinal  trunks  (one  on  each  side)  from  which 
branches  or  their  divisions  pass  to  the  various  organs  and  the  spiracles.  Large 
branches  run  to  the  thoracic  spiracles  and  short  thick  ones  to  the  abdominal 
spiracles. 

LIFE- HISTORY. 

A  mosquito  passes  through  three  distinct  stages — egg,  larva,  and  pupa — 
before  reaching  the  imaginal  or  adult  condition.  The  larvae  and  pupae  of  all  the 
known  species  are  aquatic  in  habit  and  are  active,  but  the  pupa  takes  no  food. 

The  eggs  are  small  dark-coloured  bodies  measuring  up  to  2  mm.  in  length. 
They  are  deposited  on  or  near  water  or  in  places  where  water  will  at  some  time 
occur.  Their  form  and  structure,  the  number  deposited,  and  the  manner  in  which 
they  are  laid  vary  with  the  species  or  genus.  Anopheles  lay  their  eggs  separately 
(about  40  to  100  at  each  deposition  in  the  case  of  A.  maculipennis)  upon  the 
surface  of  the  water.  Their  eggs  are  boat-shaped  with  a  thickened  striated  rim 
round  the  upper  surface  and  a  membranous  oval  ribbed  structure  on  each  side. 
These  ribbed  structures  are  the  ‘  floats  ’  and  consist  of  a  number  of  air  chambers  ; 
they  vary  in  size  and  shape  in  different  species  and  occasionally  are  extended 
completely  round  the  egg  (e.  g.  A.  farjardi ,  A.  plumbeus)  or  reduced  to  mere 
rudiments  near  one  end  (A.  turkhudi).  The  upper  surface  of  the  egg  is  flat, 
the  lower  convex,  and  one  end  is  stouter  than  the  other  and  contains  the  head 
of  the  embryo.  If  left  undisturbed  the  eggs  of  Anopheles  tend  to  collect  together 
into  star-shaped  or  linear  groups,  but  in  nature  they  are  easily  scattered  by  the 
.  wind.  Other  mosquitoes  lay  their  eggs  separately  (Aedes,  Megarhinus,  etc.) 
or  in  raft-like  masses  (Culex,  Theobaldia ,  Tceniorhynchus,  etc.).  Rafts  are  always 
deposited  on  or  close  to  water  ;  they  are  dark-brown,  usually  more  or  less  oval 
objects  from  4  to  8  mm.  long,  and  composed  of  numerous  eggs  (50  to  400)  arranged 
in  a  varying  number  of  rows.  The  individual  eggs  are  sub-conical  with  rounded 
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ends  and  are  arranged  perpendicularly  with  the  broader  ends  downwards  ;  they 
are  cemented  together  along  their  sides,  the  upward  tapering  of  the  eggs  causing 
the  bottom  of  the  raft  to  be  strongly  convex,  thus  increasing  its  stability. 
Attached  to  the  anterior  or  thickened  end  of  each  egg  is  a  transparent  globular 
body,  the  micropylar  process.  The  eggs  of  those  mosquitoes  which,  like  Anojpheles, 
do  not  build  rafts,  vary  considerably  in  form  and  structure  in  different  species 
and  genera.  Many  of  them  are  capable  of  withstanding  prolonged  desiccation 
and  are  not  always  deposited  on  or  near  water.  Those  of  Aedes  (Stegomyia) 
fasciata  are  0-5  mm.  long,  black  and  fusiform,  slightly  tapering  towards  one 
end  and  covered  with  minute  bosses  between  which  air  bubbles  are  entangled. 
The  eggs  of  Anopheles  and  the  raft-forming  Culicines  usually  incubate  in  from 
12  hours  to  2  or  3  days,  but  those  of  some  Aedes  and  other  genera  may  remain 
dormant  for  weeks  or  months. 


cl. 
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Fig.  177.  A.  Eggs  of  Anopheles  maculipennis  Mg.  a.,  side  view  ;  b.,  dorsal 
view.  B.  Egg  raft  of  Culex  pipiens  L.  C.  Egg  of  Aedes  ( Stegomyia )  fasciata 
Fabr.  (A.  after  Nuttall  and  Shipley,  Journ.  Hyg.,  Vol.  I.  B.  and  C.  after  Howard, 

Dyar,  and  Knab,  Mosquitoes  of  North  and  Central  America  and  the  West  Indies, 

Vol.  II.) 

The  larvae  or  4  wrigglers  5  are  fleshy,  footless  creatures,  varying  from  about 
4  to  12  mm.  in  length  when  mature,  with  the  three  regions  of  the  body  distinct 
and  clearly  separated.  They  are,  with  few  exceptions,  very  active  and  usually 
progress  heads  downward  through  the  water  by  lashing  their  abdomens  from  side 
to  side.  Young  larvae  as  a  rule  differ  from  mature  larvae  chiefly  in  the  degree  of 
chitinization  and  the  simpler  structure  of  the  body  hairs.  In  the  full-grown 
larva  the  head  is  strongly  chitinized  but  varies  considerably  in  shape  throughout 
the  sub-family  ;  it  is  borne  upon  a  narrow  neck,  and  the  foramen  is  surrounded 
by  a  heavy  chitinous  ring.  The  mouth  parts  are  mandibulate  and  consist  of 
labrum,  mandibles,  maxillae  with  their  palpi,  and  labium.  These  are  grouped 
around  the  mouth,  which  is  situated  almost  in  the  centre  of  the  ventral  surface 
of  the  head.  The  maxillary  palpi  are  small,  cylindrical  structures  articulating 
with  the  outer  edges  of  the  maxillae  and  bearing  spines  at  their  extremities. 
Attached  to  the  under  side  of  the  anterior  portion  of  the  head  (clypeus)  are  the 
mouth-brushes.  These  are  conspicuous  organs  consisting  of  numerous  fine 
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hairs  and  are  set  in  rapid  motion  to  produce  currents  directed  towards  the  mouth. 
In  many  carnivorous  species  the  mouth-brushes  are  reduced  to  groups  of  short 
stiff  spines.  The  antennae  are  cylindrical  movable  structures  arising  from  the 
outer  dorsal  angles  of  the  head.  They  vary  in  shape  and  size  and  usually  bear 
a  simple  or  compound  hair  near  the  middle.  Two 
pairs  of  eyes  are  present  and  are  situated  laterally ; 
the  anterior  pair  is  large  and  somewhat  crescentic 
in  shape  and  becomes  the  compound  eyes  of  the 
adult,  the  posterior  pair  is  small,  rounded  and 
simple.  Several  hairs  or  hair-tufts  occur  on  the 
head,  the  number,  form,  and  arrangement  of  which 
differ  greatly  according  to  the  species  and  genus. 

The  thorax  is  broad  and  rounded  and  carries 
many  hairs,  particularly  long  and  dense  at  the 
margins;  the  segments  are  fused.  The  abdomen 
is  slender  and  consists  of  nine  well-marked  seg¬ 
ments.  The  first  seven  segments  are  all  much 
alike  although  differing  somewhat  in  size;  numerous 
small  simple  or  compound  hairs  are  present  at  the 
sides  and  on  both  surfaces,  as  well  as  long  lateral 
hairs  which,  at  least  on  the  anterior  segments,  are 
feathered.  The  eighth  segment  bears  the  respiratory 
openings  and  the  lateral  combs.  The  stigmata  are 
situated  on  the  dorsal  surface  usually  at  the  apex 
of  a  chitinous  tube,  and  from  them  two  main  air- 
tubes  pass  along  the  body  and  end  blindly  near 
the  middle  of  the  thorax.  The  lateral  combs  gen¬ 
erally  consist  each  of  a  group  of  separate  variously 
shaped  chitinous  scales,  but  in  Anopheles  are  in 
the  form  of  two  chitinous  plates  with  dentate  lower 
margins.  The  ninth  segment  is  small  and  directed 
downwards  and  is  partially  or  completely  ringed 
with  chitin.  Distally  it  carries  four  membranous 
cylindrical  processes,  the  tracheal  or  anal  gills, 
which  surround  the  anus.  These  vary  greatly  in 
size  and  shape  in  different  species  and  may  be 
almost  obsolete ;  in  larvae  which  feed  and  remain 
chiefly  at  the  bottom  they  are  often  large  and 
abundantly  supplied  with  tracheae.  Inserted  along 
the  middle  line  of  the  ventral  surface  are  numerous 
long  compound  hairs  which  extend  downwards  and 
form  a  steering  apparatus  termed  the  ventral 
brush ;  this  brush  is  absent  in  the  larvae  of 
Sabethine  mosquitoes.  Dorsally  at  the  apex  a  few 
very  long  hairs  project  posteriorly. 

Anopheline  larvae  differ  from  all  others  in  that  the  stigmata  open  directly 
on  the  surface  of  the  eighth  segment  and  not  at  the  end  of  a  chitinous  tube. 
The  openings  lie  in  a  slight  depression  and  are  surrounded  by  small  chitinous 
plates  which  almost  close  over  them  when  the  larva  descends  into  the  water. 
Another  characteristic  of  Anopheles  larvae  is  the  presence  of  dorsal  pairs  of 
minute  6  palmate  ’  hairs  on  certain  of  the  abdominal  segments.  Each  hair 


Fig.  178.  Larva  of  Ano¬ 
pheles  maculipennis  Mg.  m.b., 
mouth-brush  ;  a.,  antenna  ;  j) ., 
maxillary  palpus ;  f.h.,  frontal 
hair;  s.,  stigma  ;  p.h.,  palmate 
hair ;  a.g.,  anal  gill.  (After 

Nuttall  and  Shipley,  Journ. 
Hiyg .,  Vol.  I.) 
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consists  of  a  number  of  leaflets  arising  from  a  very  short  stem  ;  the  leaflets 
spread  out  and  indent  the  sui face-film  when  the  larva  is  resting.  These  larvae 
as  a  rule  move  more  rapidly  than  those  of  other  mosquitoes,  and  when  disturbed 
either  dart  along  the  surface  or,  after  a  few  strong  jerks  of  the  abdomen,  sink 
to  the  bottom  where  they  may  remain  perfectly  motionless  for  several  minutes. 
Normally  they  remain  extended  horizontally  in  the  water  with  the  chitinous 
plates  surrounding  the  stigmata  spread  out  and  touching  the  surface-film  ; 
not  infrequently,  however,  on  coming  to  the  surface,  they  hang  heads  down¬ 
ward  for  a  time  before  assuming  the  horizontal  position.  Culicine  and  other 
larvae  in  which  a  chitinous  air-tube  is  present,  always  hang  heads  downward 
when  taking  in  air,  but  the  angles  made  by  their  bodies  with  the  surface  vary 
considerably,  and  in  a  few  species  (e.  g.  Culex  concolor )  are  very  small.  The 
air-tube  is  a  cylindrical  chitinous  structure  of  varying  size  and  form  bearing 
at  its  apex  five  small  chitinous  flaps  which  close  over  the  respiratory  opening 

a  b 


Fig.  179.  Resting  positions  of  larvae  of  Anopheles  (a) 
and  Culex  ( h ).  The  Culex  larva  is  not  fully  grown  and 
is  foreshortened ;  the  ninth  abdominal  segment  is  hidden 
behind  the  eighth.  (  X  12  circa.)  (Drawn  from  photographs 
taken  from  life.) 


when  the  larva  is  submerged.  In  most  cases  the  air-tube  carries  one  or  more 
pairs  of  hair-tufts  and  a  pecten,  composed  of  two  ventro-lateral  rows  of  small, 
pointed,  and  usually  dentate  spines  ;  as  a  rule  these  spines  are  confined  to 
the  basal  half  of  the  tube. 

All  mosquito  larva?  pass  through  four  periods  of  development,  casting  their 
skins  at  the  end  of  each,  and  with  the  last  moult  assuming  the  pupal  stage. 
The  duration  of  the  larval  stage  varies  according  to  the  species,  food 
supply,  and  temperature.  In  warm  weather  it  usually  lasts  from  one  to  three 
weeks. 

The  pupa  is  comma-shaped,  the  head  and  thorax  forming  a  large  rounded 
anterior  mass,  the  abdomen  slender  and  curved  downwards.  The  thorax  is 
situated  on  the  upper  part  of  the  anterior  mass  and  carries  two  trumpet-shaped 
breathing  tubes.  The  abdomen  consists  of  nine  segments,  the  last  very  small 
and  the  eighth  bearing  two  relatively  large  chitinous  paddle-like  structures. 
The  pupae  are  extremely  active  and  usually  have  much  difficulty  in  keeping 
below  the  surface.  This  is  particularly  so  towards  the  end  of  the  stage  when 
air  becomes  enclosed  beneath  the  pupal  case  and  the  pupae  are  forced  to  remain 
almost  entirely  at  the  surface.  Shortly  before  the  adult  emerges  the  abdomen 
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straightens  out  ;  then  the  case  splits  along  the  median  dorsal  line  of  the  thorax 
and  the  mosquito  appears,  gradually  withdrawing  itself  from  the  pupal  case 
which  is  used  as  a  support.  The  pupal  stage  usually  lasts  two  or  three  days. 

BIONOMICS. 

Ideas  regarding  the  habits  and  life-cycles  of  mosquitoes  have  been  greatly 
modified  during  the  last  few  years,  and  it  is  now  generally  recognized  that 
considerable  biological  diversity  exists  within  the  sub-family.  Nevertheless, 
it  appears  that  each  species,  or  group  of  allied  species,  has  a  definite  mode  of  life 
and  that  with  such  there  is  no  wide  range  of  variation. 

Activity.  Under  favourable  seasonal  and  weather  conditions  mosquitoes  are 
active  at  almost  all  times  of  the  day  and  night,  the  phototropic  reaction  varying 
with  the  species  and  not  infrequently  being  over-ruled  by  hunger.  Some  forms 
are  normally  diurnal,  others  crepuscular,  and  others  again  nocturnal  in  their 
habits.  Few  species,  however,  appear  to 
be  strictly  nocturnal  or  to  prolong  their 
activities  far  into  the  night ;  but  many 
are  crepuscular  and  are  on  the  wing 
about  the  time  of  sunset  or  sunrise.  The 
Anophelines,  with  one  or  two  exceptions, 
are  strictly  of  this  latter  class,  although 
the  exact  time  of  their  appearance  or 
disappearance  and  the  duration  of  the 
active  period  varies  with  the  weather 
conditions  and  the  species.  Many  sylvan 
mosquitoes  are  also  crepuscular,  but 
their  constant  protection  from  strong 
light  renders  them  less  sensitive  regard¬ 
ing  this  habit  and  in  shaded  areas 
particularly  they  will  often  bite  at  any 
time  of  the  day ;  usually,  however, 
they  are  distinctly  more  abundant 
during  the  evening.  Diurnal  species  are 
also  numerous  and  include  most  of  the  brilliantly  coloured  tropical  forms  as  well 
as  all  the  Arctic  mosquitoes.  Mosquitoes,  whether  normally  showing  positive 
or  negative  phototropism,  are  attracted  in  varying  degrees  by  artificial  light  if 
not  too  intense  ;  Anophelines  show  a  less  marked  reaction  than  many  others. 

Resting  position.  When  resting  most  mosquitoes  (Aedes,  Culex ,  etc.)  hold 
the  abdomen  at  an  angle  to  the  head  and  thorax,  and  almost  parallel  to,  or 
directed  towards,  the  support  ;  but  in  Anopheles  the  whole  body  usually 
projects  outwards  from  the  resting  surface  owing  to  the  head,  thorax,  and 
abdomen  being  in  one  line.  The  resting  attitude  of  all  the  members  of  the 
Slethomyia  group  (A.  nimbus ,  A.  aitkeni,  etc.)  and  of  a  few  species  belonging 
to  other  groups  of  Anopheles  (e.  g.  A.  culicifacies,  A.  farjardi ),  however, 
resembles  to  a  greater  or  less  extent  that  of  Culex. 

The  spots  selected  for  resting  purposes  depend  mainly  on  the  habits  of  the 
species  concerned.  Wild  forms  naturally  seek  protected  situations  among 
foliage  or  in  holes  in  trees  or  in  the  ground  ;  domesticated  species  retire  to  dark 
corners  in  houses  or  in  outbuildings  or  to  vegetation  in  the  vicinity. 

The  distance  a  mosquito  can  fly  in  search  of  food  or  a  suitable  breeding-place 
is  of  considerable  importance  from  the  prophylactic  point  of  view,  but  is  very 
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Fig.  180.  Pupa  of  Anopheles  maculi- 
pennis  Mg.  (After  Nuttall  and  Shipley, 
Journ.  Hyg.,  Vol.  I.) 
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difficult  to  ascertain  and  is  greatly  influenced  by  wind,  temperature,  and 
humidity.  It  is  probable  that  ordinarily  most  species  never  move  far  from 
their  breeding-grounds  yet  a  few  are  known  to  undertake  regular  and  lengthy 
migrations.  The  New  Jersey  salt  marsh  mosquito— Aedes  ( Ochlerotatus )  sollici- 
tans — avails  itself  of  slight  breezes  to  travel  inland  from  its  breeding-grounds, 
and  in  this  way  may  traverse  distances  as  great  as  40  miles.  Anophelines 
probably  do  not  travel  more  than  half  a  mile  or  so  unaided.  They  have, 
however,  been  seen  to  cover  upwards  of  a  mile  when  helped  by  gentle  winds, 
and  Zetek,  in  the  Panama  Canal,  has  observed  daily  flights  of  hordes  of 


a 


b 


Fig.  181.  Resting  positions  of  a,  Anopheles  maculipennis  Mg.  ;  b,  Aedes 
( Stegomyia )  fasciata  Fabr.  ;  and  c,  Culex  pipiens  L.  (  X  6  circa.)  (Drawn  from 
photographs  taken  from  life  by  Prof.  R.  Newstead  ( a  and  c)  and  the  author  (b).) 


A.  albimanus.  These  flights  began  at  dusk,  lasted  from  30  to  45  minutes, 
and  extended  over  distances  up  to  6,000  ft.  Return  flights  to  the  breeding- 
grounds  were  made  in  the  early  mornings. 

Copulation  takes  place  shortly  after  emergence,  and  for  this  purpose  the  males 
of  some  groups,  e.  g.  Culex  and  Theobaldia,  perform  aerial  dances.  The  males 
congregate  in  numbers  towards  dusk  and  form  swarms,  sometimes  of  great  size 
and  at  considerable  heights  from  the  ground,  to  which  the  females  are  attracted. 
In  the  Anophelines  the  swarming  habit  is  apparently  less  strongly  developed,  and 
in  the  few  cases  observed  the  swarms  have  not  been  large  and  have  kept  low. 
With  many  mosquitoes,  although  pairing  takes  place  on  the  wing,  no  distinct 
swarms  are  formed.  Macfie  states  that  with  Aedes  (Stegomyia)  fasciata  fertiliza¬ 
tion  must  precede  the  blood  feed  if  eggs  are  to  be  laid.  Once  fertilized  the 
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female  mosquito  is  capable  of  laying  large  numbers  of  eggs  without  re¬ 
impregnation. 

Food.  Mosquitoes  do  not  all  suck  blood.  The  males  are  incapable  of  doing 
so,  and  the  few  apparently  contradictory  records  existing  have  in  all  probability 
been  based  on  observations  made  upon  hermaphrodite  individuals.  Megarhinine 
mosquitoes  of  both  sexes  are  flower-feeders  and  are  not  able  to  pierce  the  skin 
owing  to  the  formation  of  the  proboscis.  Harpagomyia,  a  genus  of  Sabethine 
mosquitoes,  is  of  peculiar  interest  as  all  its  members  are  myrmecophilous  and 
obtain  their  food  by  causing  ants  to  disgorge  the  liquids  from  their  crops.  In 
the  majority,  however,  the  blood-sucking  habit  obtains,  although  with  many 
wild  species  it  is  doubtful  whether  blood  is  the  only  food,  owing  to  the  apparent 
slight  chances  of  its  always  being  procurable.  In  the  domesticated  or  semi- 
domesticated  forms  the  craving  for  blood  is  often  very  strong,  and  certain 
species  appear  to  require  a  blood  meal  before  oviposition  can  take  place,  since 
the  act  may  be  greatly  delayed  unless  such  food  is  available.  However,  it  is 
not  always  essential  even  with  species  of  this  class,  as  Sen  has  shown  that  the 
common  Oriental  Aedes  ( S .)  albopicta  ( S .  scutellciris)  is  able  to  deposit  eggs 
without  first  obtaining  blood.  Some  of  them,  e.  g.  A.  (S.)  fasciata,  seem 
to  show  distinct  preference  for  man  as  host,  but  others  are  less  discriminating 
and  attack  a  variety  of  animals.  Temperature  and  atmospheric  humidity 
appear  to  bear  relation  to  the  biting  activities,  as  greater  eagerness  and  per¬ 
sistence  are  shown  by  females  in  their  hunt  for  blood  during  warm,  damp 
weather.  The  bites  of  some  mosquitoes  are  considerably  more  painful  than 
those  of  others,  while  their  direct  results  vary  with  the  species  and  the  individual 
host.  Some  species  bite  quite  painlessly.  Engorgement  is  usually  complete  in 
two  or  three  minutes,  during  which  time  first  a  clear  fluid,  later  fluid  tinged  with 
blood,  and  ultimately  what  appears  to  be  pure  blood  may  be  passed  per  anum. 

Hibernation.  With  the  approach  of  the  unfavourable  season  the  males 
disappear  and  the  fertilized  females  of  many  species  seek  spots  which  will 
afford  them  protection.  Thus  sheltered  they  remain  in  a  dormant  or  semi- 
dormant  condition  for,  perhaps,  several  months.  The  adults  of  many  other 
species,  however,  die,  leaving  their  eggs  in  hollows  in  the  ground  or  in  places 
that  will  ultimately  prove  suitable  for  breeding  purposes.  In  very  cold  climates 
this  is  the  only  method  of  hibernation,  the  eggs  hatching  later  in  the  water 
derived  from  melting  snow.  But  in  temperate  and  other  regions  hibernation 
or  aestivation  takes  place  in  either  way,  depending  mainly  upon  the  kind  of 
mosquito  ;  in  hot  dry  seasons  in  the  tropics  aestivating  adults  will  often  bite 
but  apparently  will  not  oviposit.  Most  species  of  Anopheles  and  Culex  pass 
this  period  in  the  adult  stage  while  the  numerous  forms  of  Aedes  including 
Stegomyia,  and  Ochler  otatus,  mainly,  if  not  entirely,  pass  it  in  the  egg  stage. 
Hibernation  in  the  larval  stage  is  relatively  uncommon.  A  few  species,  including 
Anopheles  bifurcatus,  Anopheles  plumbeus ,  and  Theobaldici  annulata,  hibernate 
regularly  as  larvae  and  in  this  stage  can  survive  freezing.  James  and  Liston 
believe  that,  in  India,  most  Anophelines  either  manage  to  breed  throughout 
the  season  or  (e.  g.  A.  culicifacies)  hibernate  as  larvae. 

The  length  of  life  of  the  adult  mosquito  is  influenced  by  a  number  of  factors, 
e.  g.  species,  sex,  food-supply,  seasonal  conditions,  and,  possibly,  mode  of 
oviposition.  Males  are  said  to  be  short  lived,  but  in  captivity  those  of  A.  plum¬ 
beus  have  been  kept  alive  for  periods  extending  up  to  six  weeks.  The  females 
live  longer  ;  several  months  if  hibernation  occurs.  Those  species  which  deposit 
their  eggs  in  masses  are  said  to  lay  but  one  batch  and  die  shortly  afterwards  ; 
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but  a  female  Culex  fatigans ,  fed  regularly,  has  been  observed  to  deposit  five 
rafts  during  its  life.  Those  mosquitoes  which  deposit  their  eggs  separately 
usually  live  to  produce  a  number  of  small  batches  at  intervals. 

Breeding-places.  Although  water  is  essential  for  development  and  hatching 
of  the  eggs,  it  is  not  necessarily  so  for  oviposition  purposes.  Many  species 
select  spots  where  no  standing  water  occurs  at  the  moment  but  where  it  will 
accumulate  at  a  future  date.  Other  species,  notably  those  of  the  genera 
Anopheles  and  Culex ,  which  are  not  known  to  produce  eggs  capable  of  with¬ 
standing  prolonged  desiccation,  oviposit  either  directly  upon  the  surface  of 
the  water  or  upon  moist  places  in  its  immediate  vicinity.  The  latter  forms 
continue  breeding  all  through  the  favourable  season  but  usually  produce  two 
or  more  distinct  broods  during  the  year.  The  species  producing  resistant 
eggs  (probably  mostly  Aedine  mosquitoes)  are,  except  in  species  like  A.  ( S .) 
fasciata ,  whose  acquired  habits  have  rendered  them  practically  independent 
of  seasonal  conditions,  generally  periodic  or  erratic  in  their  appearance. 
Moreover,  all  the  eggs  composing  a  batch  deposited  by  one  of  these  species  do 
not  usually  hatch  when  first  submerged,  so  that  some  are  left  over  for  subsequent 
rains  or  for  more  favourable  weather  conditions.  In  some  cases  subjection  to 
very  low  temperatures  appears  essential  before  hatching  will  take  place. 

The  situations  selected  for  oviposition  and  breeding  vary  greatly  through¬ 
out  the  sub-family,  but  in  general  each  group  of  species  appears  to  be  more 
or  less  limited  to  a  single  type  of  habitat.  This  statement,  however,  applies 
with  less  force  to  domesticated  or  semi-domesticated  mosquitoes  which  have 
acquired  greater  adaptability  than  the  purely  wild  species.  These  will  rarely 
be  found  far  from  inhabited  districts  and  their  larvae  will  often  occur  in  a  variety 
of  situations  according,  in  part  at  least,  to  the  degree  of  domestication  attained. 
When  this  is  pronounced  they  have  no  hesitation  in  selecting  any  kind  of  arti¬ 
ficial  receptacle  containing  water,  whether  it  be  within  the  building  or  upon 
the  rubbish  heap.  The  yellow  fever  mosquito  is  notorious  for  such  habits, 
certain  species  of  Culex  (e.  g.  C.  pipiens  and  C.  fatigans)  do  the  same,  and  a  few 
species  of  Anopheles  are  not  averse  to  ovipositing  in  such  places.  The  larvae 
of  A.  costalis  (Plate  VIII)  are  often  found  in  tubs  and  barrels  in  West  Africa, 
those  of  A.  hifurcatus  (Plate  II)  in  subterranean  cisterns  in  Palestine,  while 
the  Oriental  A.  stephensi  (Plate  XIII)  in  some  districts  breeds  largely  in 
cisterns  and  wells  ;  many  Anophelines  also  favour  rain-puddles  and  excavation 
works.  Mosquitoes  of  this  class,  however,  do  not  in  any  way  confine  them¬ 
selves  to  such  places,  and  indeed  with  most  of  them  there  is  a  tendency  towards 
selection  of  more  natural  sites.  In  general,  mosquito  larvae  are  chiefly  found 
in  small  deposits  of  water  ;  occasionally  they  occur  in  larger  expanses  but 
are  then  confined  to  the  margins.  Most  Anophelines  appear  to  favour  clear 
or  moderately  clear  water  in  which  there  is  abundant  vegetable  growth  in¬ 
cluding  algae.  Pools,  ditches,  drains,  small  streams,  creeks,  marshes,  etc.,  are 
all  potential  breeding-places,  but  the  actual  type  selected  varies  in  many 
cases  with  the  species.  Thus  A.  umbrosus,  A.  aitkeni,  and  A.  leucosphyrus 
are  mainly  forest  species  and  breed  in  densely  shaded  pools.  A.  fuliginosus 
(Plate  XI),  A.  barbirostris,  and  A.  smensis  (Plates  IV  and  V)  prefer  large 
grassy  pools  and  streams  in  open  swampy  country.  A.  maculatus  (Plate  XII) 
particularly  favours  streams  and  small  pools  without  deep  shade  in  hill  country, 
and  in  Malay  its  larvae  often  occur  in  places  where  very  little  surface  water 
is  evident.  The  larvae  of  A.  culicifacies  (Plate  VI)  are  commonly  found  in 
irrigation  canals,  those  of  A.  rossi  in  small  muddy  pools,  while  those  of  A.  plum- 
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beus  and  A.  barberi  live  in  the  water  contained  in  tree-holes.  Bromeliaceons 
and  other  plants  capable  of  holding  water,  broken  bamboos,  and  tree-holes 
afford  very  suitable  and  protected  situations  for  the  breeding  of  many  wild 
mosquitoes.  The  mosquito  fauna  of  such  sites  is  of  a  varied  nature  and  includes 
representatives  of  all  the  tribes  ;  with  few  exceptions  they  show  little  adapta¬ 
bility  and  are  rarely  found  in  any  other  places.  Fresh  water,  however,  is  not 
necessarily  essential  for  the  breeding  of  mosquitoes,  and  some  species  breed  not 
only  in  sea  water  or  in  that  of  highly  mineralized  springs,  but  in  water  which, 
owing  to  evaporation  and  concentration,  is  of  much  greater  salinity.  Among  the 
Anophelines  A.  turkhudi  (Plate  VII)  and  A.  ludlowi  (Plate  X)  may  be  mentioned 
as  salt-water  breeders,  the  former  commonly  occurring  in  the  mineralized  waters 
of  the  Sahara  oases,  brackish  wadis  in  Palestine,  etc.,  and  the  latter  in  the  coastal 
swamps  and  lagoons  of  the  Orient.  Many  Culicini  inhabit  crab-holes  in  tidal 
regions  (Deinocerites  cancer ,  Culex  janitor),  salt  marshes  or  estuaries  ( Aedes 
( Odder otatus)  sollicitans,  A.  (0.)  dorsalis )  and  rock  pools  near  the  coast  (A.  ( 0 .) 
zammitti).  Yet  all  such  forms  are  not  exclusively  salt-water  breeders,  as,  for 
example,  in  Sumatra  the  larvae  of  A.  ludlowi  are  found  in  fresh-water  pools  in 
the  interior  as  well  as  in  the  coastal  swamps.  Apparently  such  adaptation  can 
only  be  successfully  developed  by  very  young  larvae  and  no  sudden  transference 
from  one  medium  to  the  other  is  possible. 

The  larval  habits,  particularly  those  connected  with  feeding,  often  show 
evident  correlation  with  the  nature  of  the  breeding-place.  Anopheles  larvae 
are  mainly  surface  feeders  and  often  occur  where  an  abundant  food-supply — 
algal  scum  and  protozoa — is  present  at  the  surface.  The  larvae  of  many  other 
mosquitoes  feed  on  minute  particles  of  organic  matter  suspended  in  or  lying 
at  the  bottom  of  the  water,  others  again  live  chiefly  upon  the  remains  of  insects 
or  their  exuviae  floating  on  the  surface,  while  a  number  of  the  larger  forms 
are  predaceous  and  cannibalistic.  Some  of  these  predaceous  forms  live  in 
confined  breeding-places — e.  g.  tree-holes— in  company  with  the  larvae  of 
a  single  and  widely  different  species  of  mosquito,  upon  which  they  prey. 

The  natural  enemies  of  mosquitoes  are  many  and  various.  In  the  adult 
stage  mosquitoes  are  attacked  by  numerous  animals — spiders,  predaceous  insects, 
lizards,  birds,  bats,  &c. — and  also  by  fungi  (Entomophora  and  Empusa)  and 
bacteria.  The  larvae  and  pupae  of  species  which  breed  in  more  or  less  permanent 
waters  are  even  more  liable  to  attack  than  the  adults,  and  provide  food  for 
hosts  of  rapacious  aquatic  animals — beetles,  bugs  ( Notonecta ,  Ranatra),  dragon¬ 
fly  larvae,  fish,  batrachians,  aquatic  and  wading  birds,  etc.  Among  such 
enemies  certain  small  species  of  fish  appear  to  be  of  great  economic  importance. 
The  family  Cyprinodontidae,  group  Carnivorae,  contains  many  valuable  larva 
destroyers  and  throughout  tropical  regions  various  members  of  the  genera 
Poecilia,  Gambusia ,  Haplochilus,  Cyprinodon,  and  Fundulus  are  effective. 
Larvivorous  fish  belonging  to  other  families  are  known  in  certain  genera  including 
Ambassis,  Trichogaster,  and  Barbus.  Poecilia  ( Giradinus )  pceciloides  Fillipi, 
popularly  termed  ‘  millions  ’,  is  a  native  of  the  West  Indies  and  Central  and  South 
America.  It  is  a  voracious  feeder  on  mosquito  larvae  and  has  been  exported 
to  various  tropical  countries,  where,  however,  it  does  not  appear  to  be  more 
.efficient  than  some  of  the  indigenous  species. 

ASSOCIATION  WITH  DISEASE. 

It  is  now  common  knowledge  that,  especially  in  tropical  and  sub-tropical 
countries,  mosquitoes  play  an  important  part  in  the  spread  of  certain  human 
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diseases.  Their  connexion  with  malaria,  yellow  fever,  dengue,  and  the  form  of 
filariasis  caused  by  F.  bancrofti  is  now  definitely  established,  and  the  transmission 
of  at  least  the  first  two  of  these  diseases  is  considered  to  be  due  to  their  agency 
alone.  But  although  numerous  species  of  mosquitoes  bite  man.  comparatively 
few  are  known  to  transmit  disease  by  affording  suitable  conditions  for  the 
necessary  development  within  their  bodies  of  pathogenic  organisms. 

Malaria.  At  present  the  only  mosquitoes  known  to  transmit  this  disease 
belong  to  the  Anophelini.  The  number  of  species  of  Anopheles  which  have 
been  experimented  with,  or  which  have  been  found  naturally  infected,  is  not 
great,  yet  the  results  so  far  obtained  cause  all  the  members  of  this  group  to  be 
viewed  with  suspicion.  Experimental  evidence,  however,  tends  to  show  that 
not  only  are  some  species  more  effective  transmitters  than  others  but  that  the 
three  malarial  parasites  do  not  develop  with  equal  facility  in  the  same  mosquito. 

1.  Species  in  which  infection  of  the  salivary  glands  with  sporozoites 

HAS  BEEN  OBSERVED  IN  NATURE.* ** 

A.  algeriensis  Theo.  North  Africa,  Asia  Minor,  Macedonia  (Waterston  in 

litt.) 

f  A.  costalis  Theo.  (Plate  VIII.)  Tropical  Africa,  South  Arabia. 

\  A.  culicifacies  Giles.  (Plate  VI.)  North  Africa,  Asia  Minor,  Oriental 
region. 

f  A.  fuliginosus  Giles.  (Plate  XI.)  Oriental  region. 

\  A.  funestus  Giles.  (Plate  IX.)  Tropical  Africa.  The  variety  A.  funes tus 
listoni  occurs  in  the  Oriental  region. 

**  A.  ludloivi  Theo.  (Plate  X.)  Oriental  region. 

A.  maculatus  Theo.  (Plate  XII.)  Oriental  region. 

**  A.  maculipennis  Mg.  (Plate  III.)  Europe. 

A.  mauritianus  Grand.  Africa. 

**  A.  rossi  Giles.  Oriental  region.  Sporozoites  have  apparently  only  once 
been  found  in  this  species,  although  very  large  numbers  of  flies  captured  in 
malarious  districts  have  been  examined. 

f  A.  stephensi  List.  (Plate  XIII.)  Mesopotamia,  Oriental  region. 

+  A.  turkhudi  List.  (Plate  VII.)  South  Europe,  North  Africa,  Asia  Minor, 
Oriental  region. 

•J*  A.  umbrosus  Theo.  Tropical  Africa,  Oriental  region. 

A.  willmori  James.  Oriental  region. 

2.  Species  found  naturally  infected  but  in  which  infection  of  the 

GUT  WITH  OOCYSTS  ONLY  HAS  BEEN  OBSERVED  OR  REGARDING  WHICH  NO  DETAILS 
HAVE  BEEN  RECORDED. 

A.  argyr otar sis  Rob.  Desv.  Tropical  America. 

j*  A.  barbirostris  Wulp.  Oriental  and  Australian  regions. 

A.  fowleri  Chris.  India. 

j*  A.  minimus  Theo.  Oriental  region. 

**  A.  punctipennis  Say.  North  America. 

'I'  A.  quadrimaculatus  Say.  North  America. 

**  A.  sinensis  Wied.  (Plates  IV  &  V.)  South  Europe,  Asia. 

t  A.  superpictus  Grassi.  South  Europe,  Asia  Minor,  India. 

*  The  synonyms  given  on  p.  355  should  be  referred  to  in  connexion  with  these  lists. 

t  Also  experimentally  infected. 

**  Transmission  effected  by  the  bites  of  experimentally  infected  flies. 


plate  lx. 
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3.  Species  which  have  not  been  found  naturally  infected  but 

WHICH  HAVE  PROVED  SUSCEPTIBLE  TO  EXPERIMENTAL  INFECTION. 

A.  albimanus  Wied.  (Plate  XV.)  Tropical  America  and  the  West  Indies. 
Sporozoites  observed  in  the  salivary  glands. 

A.  bifurcatus  L.  (Plate  II.)  Europe.  North  Africa,  Asia  Minor.  Infection 
of  the  gut  with  oocysts  observed. 

A.  crucians  Wied.  North  and  Central  America.  Sporozoites  observed  in 
the  salivary  glands. 

A.  hunteri  Strick.  Malaya.  Infection  of  the  gut  with  oocysts  observed. 

A.  kawari  James.  Oriental  region.  Sporozoites  observed  in  the  salivary 
glands. 

A.  kochi  Don.  Oriental  region.  Infection  of  the  gut  with  oocysts  observed. 

A.  maculipalpis  Giles.  Tropical  Africa,  Oriental  region.  Infection  of  the 
gut  with  oocysts  observed. 

A.  pharoensis  Theo.  (Plate  XIV.)  Africa,  Asia  Minor,  Mesopotamia. 
Infection  of  the  gut  with  oocysts  observed. 

A.  plumbeus  Steph.  Europe,  North  India.  Sporozoites  observed  in  the 
salivary  glands. 

A.  punctulatus  Don.  Oriental  and  Australian  regions.  Infection  of  the  gut 
with  oocysts  observed. 

A.  theobaldi  Giles.  Oriental  region.  Infection  of  the  gut  with  oocysts 
observed. 

The  Brazilian  species  A.  intermedins  Chag.,  A.  mediopunctatus  Theo.,  and 
A.  pseudomaculipes  Chag.  are  also  said  to  have  been  experimentally  infected. 
A.  punctimacula  D.  &  K.  ( A .  malefactor),  although  common  in  the  Panama 
Canal,  is  apparently  a  non-carrier  species  as,  in  spite  of  repeated  experiments, 
Darling  was  unable  to  obtain  its  infection.  Mosquitoes  referred  to  under  the 
name  of  A.  annulipes  Wlk.  were  infected  by  Kinoshita  in  Japan  ;  he  apparently 
worked  with  several  species  including  A.  tessalatus  Theo.  The  true  A.  annulipes 
does  not  occur  in  Japan. 

Plasmodium  prcecox  (Proteosoma  grassi),  parasitic  in  birds,  is  known  to  develop 
in  Culex  pipiens  L.,  C.  fatigans  Wied.,  C.  sitiens  Wied.  (C.  micro annulatus), 
Theobaldia  longiareolata  Mcq.,  Aedes  (Stegomyia)  fasciata  Fabr.,  A.  (0 elder otatus) 
nemorosus  Mg.,  A.  (0.)  sergenti  Theo.,  and  A.  ( 0 .)  pulcritarsis  Rond. 

Yellow  fever.  The  sole  vector  of  this  disease  is  Aedes  ( Stegomyia )  fasciata, 
Fabr.  (Plate  XVII). 

Dengue.  Cleland  and  others  have  shown  that  A.  ( S .)  fasciata  is  the  chief 
transmitting  agent  of  dengue  in  Australia.  Culex  fatigans  Wied.  (C.  quinque- 
fasciatus)  has  also  been  implicated,  but  its  connexion  with  the  disease  is  not  yet 
definitely  established. 

Filariasis.  Many  different  mosquitoes  have  been  shown  to  harbour  the 
embryos  of  F.  bancrofti,  but  the  complete  development  of  this  parasite  has  only 
been  observed  in  Anopheles  rossi  Giles,  A.  costalis  Theo.  (Plate  VIII),  Culex 
fatigans  Wied.  (Plate  XVI),  and  Aedes  ( Stegomyia )  variegata  Dol.  ( Stegomyia 
pseudoscutellaris  Theo.).  The  dog  filaria;  ( Dirofilaria  immitis  and  D.  repens) 
also  develop  in  a  number  of  species  including  Anopheles  maculipennis  Mg.  and 
•  Aedes  (Stegomyia)  fasciata,  Fabr. 

PROPHYLAXIS. 

An  account  of  the  various  means  employed  for  combating  mosquitoes  is 
given  in  the  article  on  Mosquito  Control  (see  chap.  18).  Too  great  emphasis, 
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however,  cannot  be  placed  upon  the  necessity  of  preceding  any  action  relating 
to  the  temporary  or  permanent  control  of  the  breeding-places  by  a  detailed 
and  systematic  mosquito  survey  of  the  district  concerned.  In  view  of  the 
selection  shown  by  different  species  in  regard  to  breeding- places  it  is  essential 
that  the  mosquito  fauna  of  the  district  be  recognized  and  the  important  or 
obnoxious  forms  differentiated.  Careful  study  of  the  habits  of  such  species 
in  relation  to  existing  climatic  conditions  must  be  made,  and  the  measures 
adopted  for  their  control  regulated  according  to  the  knowledge  thus  acquired. 
The  indiscriminate  application  of  control  measures  is  extremely  wasteful  and 
may  ultimately  produce  pernicious  effects,  for  not  only  are  the  natural  enemies 
largely  destroyed  but  the  character  of  a  breeding-place  of  a  more  or  less  innocuous 
species  may  be  changed  to  one  which  favours  the  development  of  a  dangerous 
disease  carrier.  - 

CLASSIFICATION  OF  THE  CULICINiE. 

Of  late  years  the  views  generally  held  regarding  the  classification  of  the  true 
mosquitoes  have  been  considerably  modified  by  a  closer  and  more  systematic 
study  of  the  male  genitalia  and  of  the  larvae.  The  chief  results  of  these 
researches  have  been  a  clearer  appreciation  of  the  natural  relationships  existing 
between  the  different  groups  and  species,  and  the  acquirement  of  a  sounder 
basis  of  classification  than  that  afforded  by  the  male  secondary  characters  and 
scale  vestiture.  Unfortunately  the  adults,  particularly  the  females,  do  not 
usually  present  such  diversities  of  structure  as  the  larva?,  and  the  separation  of 
genera  is  therefore  often  a  difficult  matter.  Several  classifications  have  been 
proposed,  but  many  of  them  were  based  on  characters  now  considered  of 
secondary  value.  Minor  groups  thus  received  undue  prominence  and  one 
result,  the  main  one  from  the  medical  man’s  point  of  view,  has  been  serious 
nomenclatorial  confusion.  Some  reference  to  this  is  made  on  pp.  345  and  357. 
The  mosquitoes  may  be  divided  into  four  sections  or  tribes,  as  follows : 

1.  Proboscis  long,  finely  pointed  at  the  apex,  the  distal  half  thinner 

and  bent  downwards  and  backwards  ....  Megarhinini 
Proboscis  more  or  less  straight,  not  as  above .  .  .  .  .  .2 

2.  Scutellum  evenly  rounded  ;  thorax  elongate,  rarely  rounded  .  Anophelini 

Scutellum  trilobed,  the  central  lobe  always  distinct  ;  thorax  rounded  .  3 

3.  Postscutellum  nude  (except  in  some  species  of  Deinocerites  and 

Hcemogogus ),  without  a  central  ridge  ;  mesonotum  usually 
with  longitudinal  rows  of  bristles  on  the  disk  ;  head  rarely  with 
a  well-differentiated  median  pair  of  bristles  projecting  forward 
above  the  eyes  ........  Culicini 

4.  Postscutellum  with  a  median  ridge  (which  gives  a  slightly  keeled 

appearance),  with  or  without  a  tuft  of  bristles  posteriorly  ; 
mesonotum  without  rows  of  bristles  on  the  disk  ;  vertex  with 
a  pair  of  long  coarse  bristles  projecting  more  or  less  horizontally 
above  the  eyes  ........  Sabethini 


Tribe  ANOPHELINI. 

The  Anophelines  form  a  primitive  and  distinctly  homogeneous  section  of 
the  true  mosquitoes.  Comparatively  little  structural  variation  occurs  through¬ 
out  the  tribe  but  there  is  considerable  diversity  in  the  scale  vestiture  and  in 
ornamentation.  The  species  range  in  size  from  about  3-7  mm.,  not  including 
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the  proboscis,  the  smaller  forms  occurring  chiefly  in  tropical  or  sub-tropical 
regions.  The  palpi  are  composed  of  four  segments  (six  if  the  rudimentary  basal 
segments  be  included)  and  are  usually  about  as  long  as  the  proboscis  in  both 
sexes.  In  the  male  the  last  two  segments  are  swollen  and  hairy  ;  in  the  female 
the  palpi  are  of  almost  uniform  width  throughout,  and  appear  shaggy  or  smooth 
according  to  the  nature  of  the  scale  covering.  Christophers  distinguishes  two 
types  of  palpi  — orthodactylous,  in  which  there  is  a  proportionate  decrease 
in  the  length  of  the  segments  towards  the  apex,  the  last  segment  being  not  less 
than  half  the  length  of  the  penultimate,  and  heterodactylous  in  which  the 
decrease  in  length  is  not  regular  and  the  last  segment  is  only  one-third  or  one- 
quarter  the  length  of  the  preceding.  The  thorax  is  more  elongate  and  less 
rounded  than  in  other  mosquitoes  and  the  scutellum  evenly  rounded  with  no 
trace  of  lobing.  The  prothoracic  lobes  are  always  widely  separated  and  in  some 
groups  each  bears  a  more  or  less  conspicuous  tuft  of  scales.  The  legs  are  extremely 
long  and  slender,  especially  the  hind  pair  in  which  the  metatarsus  is  longer 
than  the  tibia  ;  in  some  groups  they  are  highly  ornamented  with  white  or 
yellow  spots  and  rings,  and  not  infrequently  the  last  few  segments  of  the  hind 
legs  are  entirely  white.  The  wings  are  usually  spotted  and,  according  to  the 
predominating  colour  of  the  scales  being  dark  or  light,  appear  black  with  pale 
spots,  or  vice  versa.  The  dark  and  light  scales  are  not,  as  a  rule,  irregularly 
mixed  but  are  grouped  together  to  form  definite  patterns.  The  Anophelines 
are  less  scaly  than  other  mosquitoes.  The  proboscis,  palpi,  legs,  and  wings  are 
always  more  or  less  densely  scaled,  but  the  trunk,  excluding  the  head,  shows 
almost  every  gradation  from  comparative  bareness  to  moderately  complete 
vestiture.  Even  in  the  most  densely  scaled  forms,  however,  the  scale  vestiture 
does  not  reach  the  development  found  in  the  other  Culicinre,  and  the  dorsal 
surface  of  the  abdomen  is  never  so  completely  clothed  with  scales  that  the 
integument  is  indiscernible.  The  head  scaling  presents  little  variation  and 
usually  consists  of  a  mass  of  erect  expanding  scales  and  a  tuft  of  long  narrow 
scales  which  arises  at  the  vertex  and  projects  forward  above  the  eyes. 

Excepting  the  Australasian  species  Bironella  gracilis ,  which  possesses  very 
short  fork-cells  but  is  doubtfully  Anopheline,  the  members  of  this  tribe  constitute 
the  single  genus  Anopheles.  Theobald,  using  scale  structure  as  a  basis  of  classi¬ 
fication,  divided  the  Anophelini  into  a  number  of  genera.  But  the  limitations 
of  these  genera  are  in  many  cases  obscured  by  intergrading  forms  and,  since  their 
separation  is  not  supported  by  the  fundamental  characters  provided  by  the 
structure  of  the  male  genitalia  and  larvae,  they  cannot  be  accepted  at  their 
original  status.  In  the  main,  however,  these  divisions  represent  natural  groups 
of  species  and  some  of  the  names  employed  may  therefore  be  retained  advan¬ 
tageously  in  order  to  denote  such  groups  within  the  genus  Anopheles.  The 
more  important  groups  may  be  defined  as  follows  : 

Anopheles  (i.  e.  Anopheles  in  the  strictest  sense,  not  in  the  generic).  Thorax 
clothed  mainly,  abdomen  entirely,  with  hairs ;  prothoracic  lobes  without  a 
tuft  of  scales.  Palpi  orthodactylous,  smoothly  scaled.  Wings  without  pale  spots. 
Mostly  large  sombre  coloured  species  with  unbanded  tarsi. 

Stethomyia.  Scale  structure  as  in  Anopheles  {sens,  stric.)  but  the  erect  head 
scales  linear,  not  expanding  ;  prothorax  without  scales.  Palpi  heterodactylous 
with  the  second  segment  remarkably  elongate,  smoothly  scaled.  Wings 
unspotted.  Legs  entirely  dark. 

Myzorhynchus  (including  Patagiamyia).  Thorax  and  abdomen  clothed 
mainly  with  hairs,  the  abdomen  sometimes  with  scales  on  the  terminal  segments 
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and  a  tuft  of  scales  on  the  ventral  surface  of  the  penultimate  segment  ;  pro- 
thoracic  scale-tuft  present.  Palpi  orthodactylous,  shaggily  or  smoothly  scaled. 
Wings  spotted,  with  less  than  four  dark  spots  involving  the  costa  and  first  vein; 
the  costa  often  with  not  more  than  two  small  pale  spots.  Moderately  large 
or  large,  blackish  or  brownish  mosquitoes  with  banded  tarsi,  the  last  few  segments 
of  the  hind  tarsi  sometimes  all  white. 

Arribalzagia.  Thorax  hairy  with  scales  only  on  the  margins,  abdomen  with 
lateral  scale-tufts  and  scales  on  the  terminal  segments  ;  prothoracic  tuft 
present.  Palpi  orthodactylous,  shaggily  scaled.  Wings  conspicuously  spotted 
with  two  or  three  very  large  black  costal  spots.  Large,  highly  ornamented 
species. 

Myzomyia  (including  Neomyzomyia,  Pseudomyzomyia ,  Pyretophorus ,  and 
Nyssomyzomyia).  Thorax  clothed  with  hairs  or  narrow  scales  ;  abdomen 
devoid  of  scales  or  with  scales  on  the  terminal  segments  only  ;  prothoracic 
lobes  usually  without  a  tuft  of  scales.  Palpi  heterodactylous,  rarely  ortho¬ 
dactylous,  smooth  or  rather  shaggy.  Wings  with  at  least  four  dark  spots 
involving  the  costa  and  first  vein.  Usually  small  species. 

Nyssorhynchus  (including  Cellia,  Neocellia ,  and  Christopher sia).  Thorax 
clothed  with  small  elliptical  scales  ;  abdomen  with  scales  on  the  terminal 
segments  only,  or  scattered  over  most  of  the  surface  when  some  may  project, 
laterally  or  ventrally,  as  tufts ;  prothoracic  scale-tuft  sometimes  present. 
Palpi  orthodactylous  or  heterodactylous,  usually  shaggily  scaled.  Wings 
with  four  main  dark  costal  spots.  Mostly  small  or  medium  size  yellowish  or 
blackish  species. 

Two  other  groups,  given  sub-generic  rank  by  Dyar,  deserve  mention  : 

Ccelodiazesis  D.  &  K.  Originally  founded  on  larval  characters,  may  be 
recognized  in  the  adult  stage  by  the  shortened  and  more  rounded  mesothorax. 
The  scale  characters  and  general  appearance  of  the  adults  are,  except  in  A. 
annandalei,  similar  to  those  of  Anopheles  (sens,  stric.).  Four  species  are  known — 
the  Nearctic  A.  harheri  Coq.,  the  Palearctic  A.  plumbeus  Steph..  the  South 
Indian  A.  culiciformis  Cogill,  and  the  Eastern  Himalayan  A.  annandalei 
Prashad.  The  larvae  differ  from  those  of  other  Anopheles  chiefly  in  possessing 
more  numerous  plumose  hairs  on  the  abdomen  and  in  having  only  minute 
hairs  on  the  head.  The  eggs  are  also  peculiar  in  that  the  4  floats  ’  are  extended 
to  form  a  continuous  membrane  round  the  periphery.  These  species  breed 
in  water  contained  in  tree-holes. 

Dendropaedium  D.  &  K.  Formed  for  certain  rather  small,  highly  orna¬ 
mented  species  which  breed  in  bromeliaceous  plants  in  tropical  America.  They 
are  apparently  Myzomyia- like  species  without  scales  on  the  thorax  and  abdomen 
and  with  the  thoracic  hairs  arranged  in  lines  between  bare  spaces — not  diffused 
as  in  Anopheles  (sens,  stric.). 

Christophers,  employing  chiefly  colour  markings  and  palpal  segmentation, 
divided  the  Anophelini  into  three  sections,  Protoanopheles,  Deuteroanopheles, 
and  Neoanopheles,  but  after  studying  the  male  genitalia  combined  the  last 
named  with  Deuteroanopheles.  The  Protoanopheles  include  the  first  four  groups 
defined  above  and  Coelodiazesis,  and  are  the  most  primitive  forms  ;  the  species 
are  usually  large  or  moderately  large  with  the  wings  unspotted  or  with  less  than 
four  main  dark  costal  spots,  and  with  dark  spots  at  the  cross-veins  and  bases  of 
the  first  and  second  fork-cells.  The  Deuteroanopheles  include  most  of  the  common 
tropical  species  and  always  possess  wings  with  at  least  four  main  dark  costal 
spots  and  pale  spots  at  the  cross-veins  and  bases  of  the  fork-cells. 
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About  120  species  of  A?iopheles  are  at  present  recognized.  Their  more 
important  diagnostic  characters  are  given  in  the  following  synoptic  tables  which 
are  arranged,  as  nearly  as  possible,  to  include  the  species  according  to  their 
zoo-geographical  distribution. 


Palearctic  Region. 

(Europe,  Northern  Africa  and  Asia — roughly  as  far  south  as 
the  tropic  of  Cancer  and  the  Himalayas.) 

1.  Wings  without  any  pale  spots.  .......  2 

Wings  with  pale  spots  .........  7 

2.  Wings  with  dark  spots  formed  by  accumulation  of  scales  at  cross¬ 

veins  and  bases  of  fork-cells  (Plate  III) .  .  .  maculipennis  Mg. 

Wings  without  such  spots,  uniformly  scaled  .  .  .  .  .3 

3.  First  fork-cell  distinctly  longer  than  second  .  .  .  .  .4 

Fork-cells  of  equal  length  .....  antennatus  Beck. 

4.  Vertex  with  a  tuft  of  long  narrow  white  scales  projecting  above 

the  eyes  ...........  6 

Frontal  tuft  absent.  .........  5 

5.  Tarsi  narrowly  banded  ;  thorax  dark  brown  .  .  .  lukisi  Chris. 

Tarsi  unbanded  ;  thorax  reddish-brown  .  .  .  algeriensis  Theo 

6.  Larger  paler  species  (5-6  mm.)  ;  thorax  and  abdomen  greyish- 

brown  ;  wing  scales  brown,  not  dense  (Plate  II)  .  bifur catus  L. 

Smaller,  darker  species  (4-5  mm.);  thorax  ashy-grey  in  the  middle, 

abdomen  black  ;  wing  scales  blackish,  dense  .  .  plumbeus  Steph. 

7.  Costa  mainly  dark,  not  more  than  two  pale  spots  1  .  .  .8 

Costa  with  more  than  two  pale  spots  .  .  .  .  .  .9 

8.  Hind  tarsi  with  the  last  two  to  three  joints  entirely  white 

mauritianus  Grand. 

Hind  tarsi  dark  with  narrow  apical  pale  bands  (Plates  IV  and  V) 

sinensis  Wied. 

9.  Femora  and  tibiae  speckled  with  white  or  yellow  .  .  .  .12 

Femora  and  tibiae  not  speckled  .  .  .  .  .  .  .10 

10.  Tips  of  palpi  dark  ;  large  species  (5-6  mm.)  (Plate  VII)  turkhudi  Liston 

Tips  of  palpi  white  ;  smaller  species  (3-5-4  5  mm.)  .  .  .  .11 

11.  Third  vein  mainly  dark  ;  wing  fringe  with  two  pale  (often  indis¬ 

tinct)  spots  (Plate  VI).  .....  culicifacies  Giles 
Third  vein  mainly  white  ;  wing  fringe  with  several  pale  spots 

superpictus  Grassi 

12.  Abdomen  scaly,  with  distinct  lateral  scale-tufts  .  .  .  .  .13 

Abdomen  scaly  but  without  lateral  scale-tufts  (Plate  XIII) 

stephensi  Liston 

13.  Tips  of  hind  legs  white  .  .  .  .  .  .  .  .  .14 

Tips  of  hind  legs  dark  ;  dark  species  .  .  .  squa?nosus  Theo. 

14.  Last  three  joints  of  hind  tarsi  entirely  white  ;  whitish  species 

pulcherrimus  Theo. 

Last  joint  of  hind  tarsi  only  entirely  white  ;  yellowish  species 

(Plate  XIV)  .......  pliaroensis  Theo. 

1  In  these  tables  the  term  ‘  costa  ’  refers  only  to  that  portion  of  the  vein  extending  along 
the  anterior  margin  of  the  wing. 
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Nearctic  Region  (Table  adapted  from  Howard,  Dyar,  and  Knab). 

(N.  America  and  the  interior  of  Mexico.) 

1.  Wings  distinctly  spotted,  yellow  or  white  .  .  .  .  .  .2 

Wings  without  pale  spots  ........  3 

2.  Wings  with  two  pale  costal  spots  ;  third  vein  wholly  black 

scaled  ........  punctipennis  Say. 

Wings  with  one  pale  costal  spot  at  apex  ;  third  vein  mainly 

white  scaled  ........  crucians  Wied. 

3.  Wings  with  dark  spots  formed  by  accumulation  of  scales  at  the 

cross-veins  and  bases  of  the  fork-cells  .  .  .  .  .  .4 

Wing  scales  not  distinctly  massed  at  the  cross-veins,  etc.  .  .  .5 

4.  Wings  with  an  apical  copper-coloured  fringe  spot  .  occidentals  D.  &  Iv. 

Wing  fringe  uniformly  dark  throughout  .  .  quadrimaculatus  Say. 

5.  Female  palpi  with  dull  silvery-white  rings  ;  larger  species  (5  mm.) 

walkeri  Theo. 

Female  palpi  entirely  dark  ;  smaller  species  (3  mm.)  .  .  barberi  Coq. 


Neotropical  Region  (Table  adapted,  in  part,  from  Dyar). 


(S.  Florida,  Lower  California,  Mexican  littoral,  Central  and  South 

America  and  the  West  Indies.) 


1.  Tarsi  entirely  dark  or  with  indistinct  pale  rings  at  the  articulations  .  2 

Tarsi  distinctly  ornamented  with  white  or  yellow  .  .  .  .8 

2.  Wings  entirely  dark  scaled  ........  3 

Wings  with  pale  spots  .........  4 

3.  Thorax  with  conspicuous  median  and  lateral  silvery  stripes  .  nimbus  Theo. 

Thorax  without  such  stripes  .  .  .  .  .  atropos  D.  &  K. 

4.  Hind  legs  with  a  broad  white  band  at  apex  of  tibia,  metatarsus 

entirely  dark  ........  eiseini  Coq. 

Hind  legs  with  a  very  broad  white  band  involving  the  apex  of  the 

tibia  and  base  of  metatarsus  .....  gilesi  Neiva 

Hind  legs  without  such  a  band  .  .  .  .  .  .5 


5. 


6. 


8. 


9. 


10. 


Femora  and  tibiae  mottled  with  yellow  ;  palpi  entirely  black 

grabhami  Theo. 

Femora  and  tibiae  not  mottled  with  yellow 

•/ 

Palpi  entirely  dark  .... 

Palpi  pale  ringed  with  white  tips 
Wing  with  two  large  pale  costal  spots  ; 
vein  dark  ...... 

Wing  with  one  pale  costal  spot  at  apex  ; 

small  black  spots  ..... 

Wing  unspotted  ;  antennae  with  scales  at  the  whorls 
Wing  with  pale  spots  ..... 

Abdomen  with  lateral  scale-tufts  .  .  .  .  .  .  .19 

Abdomen  without  lateral  scale-tufts  .  .  .  .  .  .  .10 

Hind  tarsi  with  at  least  the  last  two  segments  entirely  white  .  .11 

Hind  tarsi  with  at  least  the  third  and  fourth  segments  distinctly 
ringed— the  fifth  sometimes  entirely  white 
Hind  tarsi  with  the  last  three  segments  black 


6 

mattogrossensis  Lutz  &  Neiva 

. 7 

distal  half  of  sixth 

.  pseudopunctipennis  Theo. 
sixth  vein  with  three 

crucians  Wied. 
.  fajardi  Cruz. 

.  9 


.  13 

boliviensis  Theo. 
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11.  Hind  tarsi  with  the  last  three  segments  entirely  white 
Hind  tarsi  with  the  last  two  segments  entirely  white 

12.  Costal  spots  yellow  ;  wings  very  densely  scaled  . 
Costal  spots  white  ;  wings  less  densely  scaled 

13.  Thorax  and  abdomen  hairy,  no  scales 

Thorax  with  distinct  scales  ;  abdomen  with  scales  on, 
terminal  segment  ..... 


.  12 

annulipalpis  Arr. 
.  .  lutzi  Cruz. 

.  parvus  Chagas 

.  15 

at  least,  the 

.  14 


14.  Hind  tarsi  with  the  last  segment  all  white  ;  abdomen  with  black 

and  yellow  scales  on  the  last  segment  .  .  .  nigritarsis  Chagas 

Hind  tarsi  with  the  last  segment  mainly  black  ;  abdomen  with 

the  last  two  to  three  segments  white  scaled  .  .  peryassui  D.  &  K. 

15.  Tarsi  and  tibiae  ringed  and  speckled  black  and  white  or  yellow 

vestitipennis  D.  &  K. 

Tarsi  and  tibiae  not  speckled  ;  hind  tarsi  with  apical  white 

rings  .  .  .  .  .  .  .  .  .  .  .16 

16.  Wing  with  four  white  spots  involving  costa  and  first  vein  .  .  .17 

Wing  with  two  white  costal  spots,  five  on  the  first  vein  neivai  H.,  D.,  &  K. 

17.  Third  vein  broadly  white  in  the  middle  .  .  .  .  .  .18 

Third  vein  black,  a  minute  white  spot  at  base  .  .  hylephilus  D.  &  K. 

18.  Hind  tarsi  with  the  last  segment  black  ;  second,  third,  and  fourth 

segments,  black  with  apical  white  rings .  .  .  bellator  D.  &  Iv. 

Hind  tarsi  with  the  last  segment  mainly  white  ;  the  last  four 
segments  with  broad  apical  white  rings  (the  segments  appearing 
white  with  black  rings)  ......  cruzi  D.  &  K. 

19.  Hind  tarsi  with  the  last  two  to  three  segments  white — at  most 

with  a  minute  black  spot  on  the  last  segment  .  .  .  .25 

Hind  tarsi  with  a  series  of  rings  .  .  .  .  .  .  .20 

20.  Some  of  the  wing  scales  considerably  inflated — almost  as  broad 

as  long  ...........  21 

Wing  scales  narrower,  broadly  elliptical  to  lanceolate  .  .  .  .23 

21.  Fourth  and  fifth  hind  tarsal  segments  yellow  at  base  and  apex  ; 

third  vein  spotted  ......  intermedins  Chag. 

Fourth  hind  tarsal  segment  with  three  white  or  yellow  rings  at 
base,  middle,  and  apex  ;  third  vein  with  a  black  spot  at  base, 
the  rest  of  the  vein  with  black  and  white  scales  intermixed  .  .  22 

22.  Hind  tarsi  appearing  black  with  white  rings  ;  fifth  joint  sometimes 

with  a  small  black  band  ....  punctimacula  D.  &  K. 
Hind  tarsi  appearing  white  with  black  dots  ;  fifth  joint  white 

mediopunctatus  Theo. 

23.  Fourth  hind  tarsal  segment  white  at  apex,  fifth  all  black  ;  third 

vein  with  mixed  light  and  dark  scales  .  .  .  maculipes  Theo. 

Fourth  hind  tarsal  segment  with  three  white  rings — at  base,  middle, 

and  apex — fifth  all  white  ....  strigimacula  D.  &  K. 
Fourth  and  fifth  hind  tarsi  with  two  white  rings — at  base  and  apex  24 

24.  Third  vein  white-scaled,  a  black  spot  at  base  and  before  apex  ; 

the  apex  white  ......  pseudomaculipes  Chag. 

Third  vein  with  five  white  spots  (four  when  the  middle  one  is 

absent) ;  the  apex  black  ....  apicimacula  D.  &  K. 

25.  Hind  tarsi  with  the  last  three  segments  entirely  white  .  .  .26 

Hind  tarsi  with  the  last  three  segments  white  except  for  a  small 

black  spot  on  the  last  joint  (Plate  XV).  .  .  albimanus  Wied. 
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26.  Lower  branch  of  the  second  vein  with  a  white  patch  at  the  apex  . 

argyrotarsis  Rob.  Desv. 

Lower  branch  of  second  vein  with  a  black  patch  at  the  apex 

pictipennis  Phil. 

Note.  A.  braziliensis  Chagas  is  probably  synonymous  with  A.  argyrotarsis  ; 
it  apparently  differs  from  the  latter  only  in  the  colour  of  the  scales  on  the 
terminal  segments  of  the  abdomen. 


Ethiopian  Region  (Table  adapted  from  Edwards). 
(Africa,  South  of  the  Sahara,  South  Arabia,  and  Madagascar.) 


1.  Thorax  with  distinct  broadish-elliptical  scales  (except  in  A.  chri- 

styi) ;  female  palpi  shaggily  scaled  ;  abdomen  usually  more  or 

less  scaly  .........  2 

Thorax  clothed  with  hairs  or  narrow  almost  hair-like  scales  ; 
scales  of  female  palpi  usually  appressed  ;  abdomen  without 
scales  on  the  dorsal  surface.  .  .  .  .  .  .  .12 

2.  Abdominal  scales  obviously  present  on  all  the  segments  .  .  .3 

Abdominal  scales  absent,  or  if  present,  confined  to  the  terminal 

segments  ...........  8 

3.  Abdominal  scales  forming  distinct  projecting  lateral  tufts  .  .  .4 

Abdominal  scales  not  forming  tufts  ;  large  species  (7  mm.) 

christy i  Newst.  &  Cart. 


4. 


o. 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


Last  joint  of  hind  tarsi  light,  or  at  least  light-tipped  .  .  .  .5 

Last  joint  of  all  tarsi  entirely  dark  .  .  .  .  .  .  .7 

Last  joint  of  fore  and  middle  tarsi  all  dark  ;  rather  large  yellowish 

species  (5-6  mm.)  (Plate  XIV)  ....  pharoensis  Theo. 
Last  joint  of  fore  and  middle  tarsi  light  or  light-tipped  ;  smaller  less 

yellow  species  (4-5  mm.  or  less)  .  .  .  .  .  .  .6 

Last  joint  of  all  tarsi  wholly  yellow  ;  remaining  joints  regularly 
ringed  with  black  and  yellow  ;  very  small  species  (3  mm.) 

cinctus  Newst.  &  Cart. 

Last  joint  of  all  tarsi  white-tipped  ;  remaining  joints  not  ringed  ; 

larger  species  .......  jacobi  Hill  &  Hayd. 

Hind  tarsi  entirely  dark  .....  argenteolobatus  Gough 

First  four  joints  of  hind  tarsi  with  apical  white  rings  .  squamosus  Theo. 
Hind  tarsi  entirely  dark  ;  three  white  palpal  bands  in  female,  the 

first  two  narrow  ......  brunnipes  Theo. 

Last  two  or  three  joints  of  hind  tarsi  white  .  .  .  .  .9 

Four  narrow  white  palpal  bands  ;  wing  scales  lanceolate  ;  legs 

spotted  .......  aureosquamiger  Theo. 

Three  palpal  bands,  the  last  two  rather  broad  ;  wing  scales  much 

narrower  ...........  10 

Femora  and  tibiae  white-spotted  .  .  .  .  .  .  .11 

Femora  and  tibiae  not  white-spotted  .  .  .  rufipes  Gough 

Palpi  white-spotted  ......  maculipalpis  Giles 

Palpi  not  white-spotted  ......  pretoriensis  Theo. 

Abdomen  with  lateral  tufts  of  very  long  slender  scales  on  each 

segment  ........  implexus  Theo. 

Abdomen  without  lateral  scale-tufts  .  .  .  .  .  .13 


I 

PLATE  XII. 


k 


ANOPHELES  MACULATU  S  Theo. 

Female . 
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L3.  Wing  scales  mostly  yellow,  the  black  patches  on  the  veins  much 
reduced,  but  three  long  and  one  short  black  marks  on  the  costa 
and  first  vein,  the  first  two  almost  or  quite  united  .  .  .  .14 

Wings  not  so  marked  .  .  .  .  .  .  .  .  .15 


14  Last  2j  joints  of  hind  tarsi  white  .....  theileri  Edw. 
Last  joints  of  hind  tarsi  dark  ......  wellcomi  Theo. 

15  Wings  with  at  least  three  pale  spots  on  the  costal  border  .  .  .16 

Wings  with  at  most  two  pale  spots  on  the  costal  border  .  .  .30 

16  Last  hind  tarsal  joints  white  ;  legs  spotted  .  ncitalensis  Hill  &  Hayd. 

Last  hind  tarsal  joints  not  white  .  .  .  .  .  .  .17 

17  Femora  and  tibiae  more  or  less  spotted  with  white  ;  tarsi  dis¬ 

tinctly  ringed  at  the  joints  .  .  .  .  .  .  .  .18 

Femora  and  tibiae  not  at  all  white-spotted  .  .  .  .  .19 

18  Hind  metatarsi  with  about  five  well-marked  narrow  whitish  rings  ; 

female  palpi  with  four  narrow  white  rings  .  .  ardensis  Theo. 

Hind  metatarsi  without  distinct  rings  ;  female  palpi  with  three 

white  rings,  the  apical  one  broad  (Plate  VIII)  .  .  costalis  Theo. 

19.  Third  vein  with  three  dark  and  two  light  areas  ;  male  palpi  with 

the  club  mainly  yellow,  as  in  costalis  .  .  .  pallidopalpi  Theo. 

Third  vein  with  only  two  dark  areas  (near  base  and  apex),  or 

entirely  dark  .  .  .  .  .  .  .  .  .20 

20.  Palpi  of  female  white  only  at  the  apex  ;  base  of  first  fork-cell  nearer 

apex  of  wing  than  that  of  second  ;  small,  very  dark  species  nili  Theo. 
Palpi  of  female  with  three  or  four  white  rings  .  .  .  .  .21 

21.  Third  vein  mainly  ( funestus ,  type  form)  or  entirely  dark  ;  meso- 

notum  clothed  with  hairs  .  .  .  .  .  .  .  .22 

Third  vein  mainly  pale  .  .  .  .  .  .  .  .  .24 

22.  Hind  tarsi  with  fairly  distinct  pale  rings  ;  wing  field  with  some 

pale  spots  ........  lonpipalpis  Theo. 

Legs  entirely  dark  .  .  .  .  .  .  .  .  .  .23 

23.  Wing  field  entirely  dark,  no  pale  scales  even  at  bases  of  fork-cells 

rhodesiensis  Theo. 

Pale  spots  present  at  bases  of  fork-cells,  even  in  the  darkest 

specimens  (Plate  IX)  .......  funestus  Giles 

24.  Last  joint  of  female  palpi  mainly  dark,  pale  at  each  end  ;  large 

species,  wing  length  about  5  mm.  ....  cinereus  Theo 

Last  joint  of  female  palpi  mainly  or  entirely  white  .  .  .  .25 

25.  Tarsi  dark  ;  middle  ring  on  female  palpi  rather  narrow  .  .  .26 

Tarsi  with  narrow  yellowish  or  whitish  rings  ;  middle  and  terminal 

pale  rings  on  female  palpi  about  equal  and  rather  broad  .  .  .27 

26.  Average  wing  length  3-8  mm.  .....  transvaalensis  Cart. 

Average  wing  length  3  mm.  (Plate  IX)  .  .  .  funestus  Giles 

27.  Larger,  darker  species  (3 -5-4 -5  mm.)  ;  third  and  fourth  costal 

spots  larger  ..........  28 

Smaller,  lighter  species  (3-3-2  mm.)  ;  third  and  fourth  costal 

spots  smaller  .  .  .  .  .  .  .  .  .  .29 

28.  Third  black  spot  on  first  longitudinal  vein  centrally  interrupted 

with  white  ;  tarsal  rings  yellowish  .  .  .  marshalli  Theo. 

Third  black  spot  on  first  vein  not  interrupted  with  white  ;  tarsal 

rings  white  .  .  .  .  .  .  .  domicolus  Edw. 

29.  A  dark  spot  at  apex  of  wing  .....  pitchfordi  Power 
No  dark  spot  at  apex  of  wing  .....  flavicosta  Edw. 
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30.  Thorax  clothed  with  narrow  scales  ;  light  spots  on  wings  more 

numerous  ..........  .31 

Thorax  clothed  with  hairs  (excluding  the  scales  near  the  front 

margin)  ;  wings  very  dark  or  else  quite  unicolorous  .  .  .33 

31.  The  last  two  palpal  bands  (in  female)  about  equal  and  rather 

broad — as  in  A.  marshalli  ;  tarsal  joints  with  rather  broad 
white  apical  rings  .......  austeni  Theo. 

Palpi  of  female  with  four  narrow  whitish  rings  ;  the  terminal 

joint  having  a  dark  ring  in  the  middle  .  .  .  .  .  .32 

32.  Numerous  yellow  forked  scales  on  the  head  ;  legs  dark,  tarsi 

scarcely  ringed  ......  distinctus  Newst.  &  Cart. 

No  yellow  forked  scales  on  head  ;  femora  and  tibiae  spotted  with 

whitish,  tarsi  distinctly  ringed  at  the  joints  costalis  var.  melas  Theo. 

33.  Last  two  to  three  joints  of  hind  tarsi  white  ;  female  with  a  tuft  of 

scales  on  the  ventral  side  of  the  last  abdominal  segment 

mauritianus  Grand. 

Last  joints  of  hind  tarsi  not  white  ;  female  without  ventral  scale-tuft  .  34 

34.  Female  palpi  shaggily  scaled  ;  pale  scales  of  wings  occurring 

mainly  on  the  fourth,  fifth,  and  sixth. veins  .  .  umbrosus  Theo. 

Female  palpi  with  appressed  scales  ;  pale  scales  of  wings  less 

numerous  and  occurring  mainly  on  the  first  vein  .  .  smithi  Theo. 


Oriental  Region  (Table  adapted,  in  part,  from  Christophers). 


South  China,  Formosa,  Malay,  Borneo,  &c.) 


(Southern  Asia,  including  India, 

1 .  Wings  unspotted 1  .  .  .  .  .  .  .  .  .  .2 

W  ings  spotted  ..........  6 

2.  Palpi  distinctly  banded,  tarsi  banded  .  .  immaculcitus  James 

Palpi  unbanded,  tarsi  entirely  dark  .  .  .  .  .  .  .3 

3.  Palpi  orthodactylous ;  erect  head  scales  expanded  .  .  .  .4 

Palpi  heterodactylous,  the  second  segment  greatly  elongated  ; 

erect  head  scales  linear  ........  5 

4.  Prothoracic  lobes  with  hairs  only  ;  palpi  about  as  long  as  proboscis 

plumbeus  Steph. 

Prothoracic  lobes  with  scale-tuft  ;  palpi  sometimes  only  three- 

quarters  the  length  of  the  proboscis  .  .  .  brevipalpis  Roper 

5.  First  fork-cell  nearly  double  the  length  of  the  second  .  aitkeni  James 

First  fork-cell  relatively  shorter  ....  culiciformis  Cogill 

6.  Wings  with  less  than  four  dark  spots  involving  costa  and  first  vein  .  7 

Wings  with  at  least  four  such  dark  spots  .  .  .  .  .  .16 


7.  Inner  half  of  costa  with  one  or  two  small  yellow  spots 
Inner  half  of  costa  entirely  dark  .... 

8.  Hind  femora  with  conspicuous  scale-tuft  at  apex 
Hind  femora  without  scale-tuft  .... 

9.  Scale-tuft  composed  of  black  and  white  scales,  femora  dark  before 

the  tuft  ........  asiaticus  Leic. 2 

Scale-tuft  black  preceded  by  broad  white  band  .  wellingtonianus  Alcock 


gigas  Giles 
.  8 
.  9 

.  10 


1  A.  flava  Swell.,  recently  described  from  the  Dutch  East  Indies,  may  be  distinguished 
from  other  species  with  unspotted  wings  by  its  yellow,  instead  of  brown  or  black,  coloration. 

2  A.  anncindalei  Prashad,  recently  described  from  the  Eastern  Himalayas,  differs  from 
A.  asiaticus,  inter  alia,  in  the  costa  being  entirely  dark  except  at  the  base  where  there  is 
a  small  yellow  spot. 
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10.  Hind  femora  with  a  broad  white  band  about  the  middle  .  lindesayi  Giles 

Hind  femora  without  such  a  band  .  .  .  .  .  .  .11 

11.  Palpi  banded  .  .  .  .  .  .  .  .  .  .12 

Palpi  unbanded  ..........  13 

12.  Apical  costal  spot  conspicuous  ;  female  with  ventral  tuft  of  scales 

on  eighth  abdominal  segment  ;  male  palpi  mainly  dark  with 
yellowish  patches  and  bands  (Plates  IV  and  V)  .  .  sinensis  Wied. 

Apical  costal  spot  very  small  ;  female  without  ventral  tuft  of 

scales  ;  male  palpi  cream  coloured  with  black  bands  .  hunteri  Strick. 

13.  Hind  tarsi  broadly  banded  ;  last  segment  entirely  white 

albotceniatus  Leic. 


Hind  tarsi  narrowly  banded  ;  last  segment  dark  .  .  .  .14 

14.  Femora  and  tibiae  dark,  mottled  with  white  .  pseudobarbirostris  Lud. 

Femora  and  tibiae  not  mottled  .  .  .  .  .  .  .  .15 

15.  Base  of  wing  with  scattered  white  scales  ;  female  with  ventral 

abdominal  scale-tuft  or  tufts  ....  barbirostris  Wulp. 
Base  of  wing  dark  scaled  ;  female  without  ventral  scale-tuft 

umbrosus  Theo. 


16.  Hind  legs  with  the  last  tarsal  segment  not  entirely  white  .  .  .17 

Hind  legs  with  at  least  the  last  tarsal  segment  wholly  white  .  .  30 


17.  Femora  and  tibiae  not  speckled  .  .  .  .  .  .  .18 

Femora  and  tibiae  speckled  with  white  or  yellow  .  .  .  .26 

18.  Front  tarsi  broadly  banded ;  light-coloured  species  .  .  rossi  Giles  1 

Front  tarsi  entirely  dark  or  inconspicuously  banded  .  .  .  .19 

19.  Tips  of  palpi  black  (Plate  VII) .  ....  turkhudi  List. 

Tips  of  palpi  white  or  yellow  .  .  .  .  .  .  .  .20 

20.  Wing  fringe  dark  or  with  not  more  than  two  pale  spots  .  .  .21 

Wing  fringe  with  several  pale  spots  .  .  .  .  .  .  .23 


21.  Palpi  with  the  distal  third  white  with  a  central  narrow  black  ring 

aurirostris  Watson 


Palpi  dark  with  narrow  yellowish  rings  .  .  .  .  .  .22 

22.  Wings  with  pale  spots  in  costal  region  only  ;  wing  field  dark 

rhodesiensis  Theo. 

Wings  with  pale  spots  on  costa  and  wing  field  (Plate  VI) 

culicifacies  Giles 

23.  Palpi  with  two  broad  white  bands  at  apex  .  .  minimus  Theo. 

Palpi  not  as  above  .  .  .  .  .  .  .  .  .  .24 

24.  Inner  quarter  of  costa  entirely  dark  ;  thorax  with  scales  only  on 

the  anterior  margin  ....  funestus  var.  listoni  List. 

Inner  quarter  of  costa  with  one  or  more  small  pale  spots  ;  thorax 

with  scales  on  the  disk  .  .  .  .  .  .  .  .25 

25.  Hind  tarsi  narrowly  but  distinctly  banded  ;  dark  species 

jeyporensis  James 

Hind  tarsi  dark ;  paler  species  ....  superpictus  Grassi 

26.  Sixth  vein  with  not  more  than  three  dark  spots  .  .  .  .27 

Sixth  vein  with  five  or  six  dark  spots  .  .  .  .  .  .29 

27.  Hind  tarsi  with  very  broad  white  bands  ;  last  segment  white 

tipped  .........  kochi  Don. 

Hind  tarsi  with  narrower  bands  ;  last  segment  dark  .  .  .  .28 


1  In  A.  rossi  var.  vagus  Don.  ( indefinatus  Lud.),  the  femora  and  tibiae  are  indistinctly 
spotted  with  yellow. 
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28.  Palpi  with  apex  narrowly  white  ....  parangensis  Lud. 

Palpi  with  a  broad  apical  white  band  (Plate  X)  .  .  .  ludlowi  Theo. 

Palpi  with  two  broad  apical  white  bands  (Plate  XIII).  stephensi  List. 

29.  Hind  legs  with  a  broad  white  band  involving  the  tibio-tarsal  joint 

leucosphyrus  Don. 

Hind  legs  without  such  a  band  ....  tesselatus  Theo. 

30.  Hind  legs  with  the  last  tarsal  segment  only  entirely  white  .  .  .31 

Hind  legs  with  at  least  the  last  two  tarsal  segments  entirely  white  .  33 

31.  Femora  and  tibiae  not  speckled  ....  karwari  James 

Femora  and  tibiae  speckled  with  white  .  .  .  .  .  .32 

32.  Abdomen  dorsally  with  scales  on  all  the  segments  .  willmori  James 
Abdomen  with  scales  on  the  terminal  segments  only  (Plate  XII) 

maculatus  Theo. 

33.  Abdomen  with  conspicuous  lateral  scale-tufts  .  .  pulcherrimus  Theo. 

Abdomen  without  lateral  scale-tufts  .  .  .  .  .  .34 

34.  Femora  and  tibiae  speckled  with  white  .  .  .  .  .  .35 

Femora  and  tibiae  not  speckled  .  .  .  .  .  .  .38 

35.  Palpi  with  four  narrow  pale  bands,  the  apex  narrowly  white  .  watsoni  Leic. 
Palpi  with  three  pale  bands,  the  apical  band  broad  and  involving 

the  whole  of  the  last  segment  .  .  .  .  .  .  .36 

36.  Palpi  with  one  broad  distal  white  band  ....  jamesi  Theo. 

Palpi  with  two  broad  distal  white  bands  .  .  .  .  .  .37 

37.  Hind  legs  with  the  last  three  segments  all  white  ;  palpi  speckled 

with  white  ......  maculipalpis  Giles 

Hind  legs  with  the  last  two  segments  only  all  white  ;  palpi  not 

speckled  .........  theobaldi  Giles 

38.  Abdomen  dorsally  with  scales  on  most  of  the  segments  ;  metatarsi 

of  hind  legs  entirely  dark  ......  fowleri  Chris. 

Abdomen  at  most  with  scales  on  the  terminal  segments  ;  metatarsi 

of  hind  legs  with  an  apical  white  ring  .  .  .  .  .  .39 

39.  Third  (penultimate)  palpal  segment  very  short,  less  than  half  the 

length  of  the  second  (the  last  black  band,  therefore,  very 
narrow)  ........  schuffneri  Stan. 

Third  palpal  segment  distinctly  more  than  half  the  length  of  the 

second  (the  last  black  band  broad)  .  .  .  .  .  .40 

40.  Wings  mainly  dark  scaled  ;  stem  of  fourth  vein  wholly  dark 

(Plate  XI)  ........  fuliginosus  Giles 

Wings  mainly  pale  scaled  ;  stem  of  fourth  vein  with  pale  spots, 

the  base  broadly  pale  ......  philippinensis  Lud. 

Note.  A.  novumbrosus  and  A.  similis  described  from  Malay  by  Strickland 
were  separated  chiefly  on  larval  characters  ;  the  adults  are  almost  indistinguish¬ 
able  from  those  of  A.  umbrosus. 


Australian  Region. 

(Australia,  New  Zealand,  New  Guinea,  Polynesia.) 

1.  Wings  entirely  dark  scaled  ........  2 

Wings  with  pale  spots  .........  4 

2.  First  fork-cell  extremely  small,  much  smaller  than  second 

( Bironella )  gracilis  Theo. 

Fork-cells  normal,  the  first  at  least  as  large  as  the  second  .  .  .3 


PLATE  XIV. 


ANOPHELES  PHAROENBIS  Theo. 


Female  . 
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3.  Thorax  hairy,  no  scales  ......  corethroides  Theo. 

Thorax  sparsely  clothed  with  narrow  curved  scales  stigmaticus  Skuse 

4.  Dark  species  ;  wing  scales,  palpi,  and  legs  mainly  dark  .  .  .5 

Paler  species  ;  wings,  palpi,  and  legs  conspicuously  ornamented 

with  white  or  yellow  .........  6 

5.  Costa  entirely  dark  ;  fringe  broadly  white  at  apex  ;  tips  of  palpi 

yellow  .........  atratipes  Sk. 

Costa  with  two  small  pale  spots,  one  at  apex  ;  palpi  wholly  black 

barbirostris  var.  bancrofti  Giles 

6.  Larger  species  (5-6  mm.)  ;  last  three  palpal  segments  with  broad 

apical  white  bands  .  .  .  .  .  .  annulipes  Walk. 

Smaller  species  (3-5-4  mm.)  ;  last  three  palpal  segments  with 
apical  white  or  yellowish  bands,  the  last  two  broad,  the  first 
interrupted  by  a  narrow  black  ring  .  .  .  punctulatus  Don. 


SYNONYMY  IN  THE  ANOPHELINI. 

Many  changes  relevant  to  the  correct  names  of  species  have  been  made  during 
the  past  few  years.  These  changes  have  reduced  the  number  of  valid  species  to 
some  extent  but  have  necessarily  increased  the  number  of  synonyms.  The 
more  important  specific  names  which  have  been  discarded,  including  many 
that  are  well  known  and  of  frequent  occurrence  in  the  literature  of  malaria,  are 
given  in  the  following  list  : 


Synonym. 

A.  ( Myzomyia )  albirostris  Theo. 

A.  arabiensis  Patton. 

A.  ( Myzorhynchus )  bancrofti  Giles 
A.  ( Cellia )  bigoti  Theo. 

A.  ( Myzomyia )  Christopher  si  Theo. 

A.  ( Pyretophorus )  chaudoyei  Theo. 

A.  ( Myzomyia )  elegans  James. 

A.  febrifer  Banks. 

A.  formoscensis  I,  Tsuz. 

A.  formosus  Lud. 

A.  (Stethomyia)  fragilis  Theo. 

A.  franciscanus  McC. 

A.  (Myzomyia)  funestus  Lud.  [nee.  Giles) 
A.  (Christopher sia)  halli  James 
A.  ( Myzomyia )  hispaniola  Theo. 

A.  ( Myzomyia )  indefinatus  Lud. 

A.  (Nyssorhynchus)  indiensis  Theo. 

A.  ( Nyssorhynchus )  jamesi  List.  ( nec . 
Theo.). 

A.  jesoensis  Tsuz. 

A.  (Myzomyia)  listoni  List. 

A .  (Myzomyia)  lutzi  Theo.  (nec.  Cruz). 
A.  (Arribalzagia)  malefactor  D.  &  K. 

A.  (Nyssorhynchus)  master  si  Sk. 

A.  (Nyssorhynchus)  nigerrimus  Giles 
A.  (Pyretophorus)  nigrifasciatus  Theo. 


Correct  Name. 

A.  minimus ,  var.  aconitus  Don. 

A.  costalis  Theo. 

A.  barbirostris,  var.  bancrofti  Giles 
A.  pictipennis  Phil. 

A.  minimus  Theo. 

A.  turkhudi  List. 

A.  leucosphyrus  Don. 

A.  minimus  Theo. 

A.  minimus  Theo. 

A.  gigas  var.  formosus  Lud. 

A.  aitkeni  James. 

A.  pseudopunctipennis  Theo. 

A.  minimus  Theo. 

A.  kochi  Don. 

A.  turkhudi  List. 

A.  rossi  var.  vagus  Don. 

A.  maculipalpis  Giles 
A.  fuliginosus  Giles. 

A.  barbirostris  Wied.  or  A.  sinensis 
Wulp. 

A.  funestus  var.  listoni  List. 

A.  cruzi  D.  &  K. 

A.  punctimacula  D.  &  K. 

A.  annulipes  var.  mastersi  Sk. 

A.  sinensis  var.  vanus  Theo. 

A.  turkhudi  List. 
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Synonym. 

A.  nigripes  Stseger. 

A.  {Nyssorhynchus)  nivipes  Theo. 

A.  nursei  Theo. 

A.  ( Pyretophorus )  myzomyfacies  Theo. 
A.  palestinensis  Theo. 

A .  ( Myzorhynchus )  paludis  Theo. 

A.  perplexens  Lud. 

A.  {Myzorhynchus)  pseudopictus  Grassi. 
A.  (Myzomyia)  punctulatus  Theo.  ( nec . 
Don). 

A.  ( Pyretophorus )  sergenti  Theo. 

A.  {Cellia)  tarsimaculatus  Goeldi. 

A.  ( Myzomyia )  thorntoni  Ludlow. 

A .  ( Myzorhynchus )  vanus  Theo 
A.  ( Myzorhynchus )  willmori  Leic.  et 
auct.  (nec.  Theo.). 


Correct  Name. 

A.  plumheus  Steph. 

A.  fuliginosus  var.  nivipes  Theo. 

A.  superpictus  Grassi. 

A.  turkhudi  List. 

A.  superpictus  Grassi. 

A.  mauritianus  Grand. 

A.  punctipennis  Say. 

A.  sinensis  var.  pseudopictus  Grassi. 

A.  tessalatus  Theo. 

A.  culicifacies  Giles. 

A.  alhimanus  var.  tarsimaculatus  Goeldi. 
A.  tessalatus  Theo 
A.  sinensis  var.  vanus  Theo, 

A.  maculatus  Theo. 


Tribe  MEGARHININI. 

The  Megarhinines  or  ‘  elephant  mosquitoes  ’  may  be  distinguished  imme¬ 
diately  by  their  large  size,  peculiar  proboscis,  and  brilliant  metallic  coloration. 
The  wings  also  are  characteristic,  being  relatively  long  and  narrow  with  very 
small  fork-cells.  They  are  tropical  insects  and  are  diurnal  in  habit  but  occur 
chiefly  in  well-wooded  or  forested  regions.  Both  sexes  frequent  flowers  in  order 
to  obtain  nourishment,  and  may  often  be  found  in  their  vicinity  throughout 
the  day.  The  females  are  inoffensive  and,  indeed,  would  seem  to  be  incapable 
of  sucking  blood  owing  to  the  formation  of  the  proboscis.  The  labium  is  strongly 
chitinized  and  possesses  little  or  no  flexibility,  and  this,  together  with  its  pro¬ 
nounced  curvature  and  finely  tapered  apex,  renders  the  mouth  parts  unfit  for 
piercing  the  skin. 

The  eggs  are  laid  singly,  usually  upon  water  contained  in  bromeliaceous 
plants,  tree-holes,  &c.,  but  occasionally  in  artificial  receptacles.  The  larvae 
are  predaceous,  feeding  upon  the  larvae  of  other  mosquitoes  breeding  in 
the  same  habitat,  and  to  some  extent  upon  their  own  species.  They  are 
characterized  by  the  reduction  and  strengthening  of  the  mouth-brushes  in 
accordance  with  the  prehensile  function,  and  by  the  absence  of  pecten-spines 
on  the  siphon  tube.  Two  genera  are  included  in  this  tribe  : 

1.  Megarhinus  Rob.  Desv.,  found  in  tropical  America,  in  which  the  female 
palpi  are  comparatively  long,  at  least  four  times  the  length  of  the  head,  and 
bluntly  rounded  or  pointed  at  the  apex. 

2.  Toxorhynchites  Theo.,  confined  to  the  Old  World,  in  which  the  female 
palpi  are  short,  not  more  than  twice  as  long  as  the  head,  and  bluntly  rounded 
at  the  apex. 

Tribe  CULICINI. 

This  tribe  is  the  largest  and  least  compact  of  the  family.  Its  members 
exhibit  a  much  greater  range  of  morphological  and  biological  diversity,  possess 
a  wider  geographical  distribution,  and  specifically  and  individually  easily 
outnumber  those  of  any  other  group.  Representatives  occur  in  all  parts  of 
the  world,  some  of  them  being  the  commonest  of  domesticated  or  semi- 
domesticated  mosquitoes.  They  vary  in  size  from  1-9  or  10  mm.  The  female 


PLATE  XV. 


ANOPHELES  ALBIMANUS  Wied. 

Female . 
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palpi  are  usually  very  short  but  may  be  from  half  to  two-thirds  the  length  of 
the  proboscis  ;  the  male  palpi  are  frequently  as  long  as,  or  considerably  longer 
than,  the  proboscis,  but  in  certain  forms  are  greatly  reduced  in  size  and  very 
inconspicuous.  The  antennae  of  the  males  are  plumose  except  in  the  genus 
Deinocerites.  The  thorax  is  rounded  and  generally  bristly,  the  scutellum 
distinctly  trilobed  and  the  post-scutellum,  with  very  few  exceptions,  nude.  The 
abdomen  is  usually  sub-cylindrical  in  the  female,  and  either  truncate  distally 
or  tapering  to  a  more  or  less  pointed  apex.  The  legs  are  of  moderate  length, 
shorter  than  in  Anopheles,  and  occasionally  fringed  or  tufted  with  outstanding 
scales  ;  the  claws  may  be  simple  or  toothed  in  the  females,  and  some  of  them 
are  almost  always  toothed  in  the  males.  The  scale  vestiture  varies  greatly, 
but  the  abdomen  is  always  completely  covered  with  overlapping  flat  scales. 

The  larvae  show  considerable  diversity  of  structure  but  all  possess  a  well- 
developed  air-tube  and,  except  perhaps  in  the  first  instar,  a  ventral  brush. 

The  confusion  existing  in  the  nomenclature  of  this  tribe,  and  the  complete 
retention  of  some  of  the  most  familiar  names,  depends  largely  upon  the  value 
given  to  the  structure  of  the  male  palpi.  If  the  value  is  considered  generic 
many  such  names  can  still  be  used,  but  it  frequently  happens  that  though 
males  of  certain  groups  of  species  differ  markedly  in  this  respect,  no  characters 
supporting  separation  can  be  found  in  the  females,  male  genitalia,  or  larvae. 
For  these  reasons  some  authorities  have  entirely  discarded  certain  well-known 
names,  e.  g.  Stegomyia  and  Ochlerotatus,  while  others  consider  that  they  can, 
at  the  most,  be  accorded  sub-generic  rank. 

Edwards  distinguishes  two  main  groups  of  Culicine  mosquitoes  : 

1.  Aedes  group.  Eggs  laid  singly;  last  segment  of  female  abdomen  narrow, 
usually  completely  retractile  into  the  penultimate  ;  claws  of  the  female,  at 
least  on  the  four  anterior  legs,  nearly  always  toothed.  Genera  :  Mucidus , 
Psorophora,  Aedes,  Hcemagogus,  etc. 

2.  Culex  group.  Eggs  laid  in  masses  ;  last  segment  of  female  broad, 
immovable  ;  claws  of  female  never  toothed.  Genera  :  Culex,  Tceniorhynchus, 
Aedomyia,  Theohaldia,  Uranotcenia,  etc. 

The  genera  tabulate  as  follows  : 1 

1.  Sixth  vein  ending  in  wing-margin  below  or  before  the  fork  of  the 

fifth  ;  wing  membrane  quite  bare  ;  petiole  of  the  first  fork-cell 
usually  twice  the  length  of  the  cell  .  .  .  Uranotcenia  Arr. 

Sixth  vein  ending  well  beyond  the  fork  of  the  fifth  ;  wing  mem¬ 
brane  covered  with  microscopic  setae  .  .  .  .  .  .2 

2.  Antennal  segments  short  and  broad  in  the  female  (scarcely  twice  as 

long  as  broad),  in  the  male  more  elongate,  the  last  two  much 
broader  than  the  preceding ;  wing  scales  very  broad  and 
dense  ........  Aedomyia  Theo. 

Antennal  segments  long  and  slender  in  the  female  (considerably 
longer  than  broad),  in  the  male  usually  shorter,  the  last  two 
greatly  elongated  ;  wing  scales  variable  .  .  .  .  .3 

3.  Prothoracic  lobes  approximate  dorsally ;  disk  of  mesonotum 

without  bristles  ;  brilliant  metallic  coloured  species  Hcemagogus  Will. 
*  Prothoracic  lobes  widely  separated  above  ;  disk  of  mesonotum 

bristly  4 

1  Some  of  the  characters  used  in  this  table  were  suggested  by  Mr.  F.  W.  Edwards  of  the 
British  Museum. 
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4.  Fourth  tarsal  segment  of  fore  and  middle  legs  very  short  (as  broad 

as  long)  in  both  sexes,  the  first  segment  noticeably  longer  than 
segments  2-5  together  ;  first  segment  of  male  flagellum  (i.  e.  third 
antennal  segment)  at  least  twice  as  long  as  broad  Orthopodomyia  Theo. 
Fourth  tarsal  segment  of  fore  legs  of  female  normal  (distinctly 
longer  than  broad),  the  first  segment  (in  both  sexes)  little, 
if  any,  longer  than  segments  2-5  together  ;  first  segment  of  male 
flagellum  rarely  much  longer  than  broad  .  .  .  .  .5 

5.  Fork-cells  very  short  (petiole  of  first  fork-cell  from  one  to  two  times 

the  length  of  the  cell) ;  first  fork-cell  distinctly  contracted 
apically  ;  wings  sparsely  scaled  ....  Mimomyia  Theo. 
Fork-cells  not  very  short,  the  first  at  least  as  long  as  its  petiole 

and  not  contracted  apically  .  .  .  .  .  .  .6 

6.  First  tarsal  segment  of  hind  legs  distinctly  shorter  than  the  tibia 

(sometimes  less  pronounced  in  the  males)  .  .  .  .  .7 

First  tarsal  segment  of  hind  legs  as  long  or  longer  than  the  tibia  .  .14 

7.  First  segment  of  female  flagellum  very  long,  at  least  twice  as 

long  as  the  second  ;  proboscis  with  the  apical  half  strongly 
swollen  in  the  male  ;  small  species  ....  Ficalbia  Theo. 
First  segment  of  female  flagellum  normal,  little  longer  than  the 
second ;  proboscis  of  male  slender  or  but  slightly  swollen 
apically  ...........  8 

8.  Cross-veins  almost  in  line,  the  posterior  situated  before  or  beyond 

the  anterior  and  usually  separated  from  it  by  much  less  than 

its  own  length  ..........  9 

Cross-veins  normal,  the  posterior  situated  before  the  anterior 

and  usually  widely  separated  from  it  .  .  .  .  .  .11 

9.  Posterior  cross-vein  situated  slightly  beyond  the  anterior  ;  tip  of 

female  abdomen  tapering,  the  cerci  prominent  .  .  .  .10 

Posterior  cross-vein  situated  in  line  with,  or  slightly  before  the 
anterior  ;  tip  of  female  abdomen  truncate,  the  cerci  concealed  ; 
large  brown  smoothly  scaled  species  .  .  Theobaldia  Nev.-Lem. 

10.  Large,  shaggily  scaled,  mouldy-looking  species  ;  female  palpi 

half  to  two-thirds  as  long  as  the  proboscis  ;  wing  scales  dense 

Mucidus  Theo. 

Large,  smoothly  scaled  species,  brown  ornamented  Avith  gold  ; 
female  palpi  less  than  half  as  long  as  the  proboscis  ;  wing  scales 
scanty,  wing  membrane  stained  ....  Pcirdomyia  Theo. 

11.  Tip  of  female  abdomen  truncate,  the  cerci  almost  or  entirely 

concealed  ;  male  genitalia  with  a  stout  rod-like  process  pro¬ 
jecting  from  the  inner  angles  of  the  side  lobes  .  .  .  .13 

Tip  of  female  abdomen  more  or  less  tapering,  the  cerci  usually 
prominent  (but  cf.  Stegomyia ,  p.  362)  ;  male  genitalia  without 
rod-like  process  ..........  12 

12.  Eighth  abdominal  segment  of  female  completely  retractile  ; 

male  palpi  considerably  longer  than  the  proboscis  (usually 
exceeding  it  by  at  least  the  length  of  the  terminal  segment) 
the  last  two  segments  thickened  .  .  .  Psorophora  Rob.  Desv. 

Eighth  abdominal  segment  of  female  only  partly  retractile  ;  male 
palpi  long  or  short,  seldom  exceeding  the  proboscis  by  the 
length  of  the  last  segment  ......  Aedes  Mg. 
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13.  Male  palpi  long  and  thin,  the  last  segment  very  short  or  minute 

(one-eighth  to  one-quarter  the  length  of  the  penultimate)  ; 
female  with  two  spermathecse  ;  species  not  yellow 

Mansonioides  Theo. 

Male  palpi  long,  the  last  two  segments  somewhat  thickened ; 
terminal  segment  about  equal  in  length  to  the  penultimate  ; 
female  with  three  spermathecse  ;  species  often  yellow 

Tceniorliynchus  Arr. 

14.  First  segment  of  flagellum  very  long  (8-14x1);  male  antennae 

similar  to  those  of  the  female,  pilose  .  .  .  Deinocerites  Theo. 

First  segment  of  flagellum  short  (less  than  6x1);  male  antennae 

plumose  ..........  Culex  L. 

Genus  Uranotsenia  Arr.  (1891). 

Small  mosquitoes  (2-3  mm.)  often  ornamented  with  brilliant  blue  or 
whitish  scales  on  the  head  and  thorax  ;  palpi  very  short  in  both  sexes  ;  fork- 
cells  extremely  short.  The  larvae  somewhat  resemble  those  of  A?iopheles  in 
general  appearance  and  movements  during  life,  but  can  easily  be  distinguished 
by  the  siphon-tubes.  They  occur  mainly  in  small  pools,  swamps,  and  water¬ 
holding  plants ;  occasionally  in  artificial  receptacles.  Little  is  known  about 
the  adults  which  are  found  chiefly  in  tropical  and  sub- tropical  regions. 

Genus  Theobaldia  Nev.-Lem.  (1902). 

Synonym.  Culiseta  Felt.  (1904). 

Large  species  (5-7  mm.),  often  with  the  wings  spotted  by  accumulations 
of  scales  at  the  cross-veins  and  bases  of  the  fork-cells  ;  female  palpi  short 
with  a  small  terminal  joint,  male  palpi  very  long,  the  last  two  segments 
swollen  ;  posterior  cross-vein  distant  from  the  anterior  by  not  more  than 
its  own  length  ;  extremity  of  female  abdomen  truncate.  The  larva?  possess 
a  single  pair  of  hair-tufts  situated  near  the  base  of  the  siphon-tube  and 
a  pecten  (sometimes  hair-like)  which  may  ( Theobaldia  sens,  stric.),  or  may 
not  (sub-genus  Culicella ),  be  followed  by  a  row  of  long  hairs.  Some  species, 
e.  g.  T.  annulata  Sch.,  are  semi-domestic  and  often  breed  in  artificial  receptacles  ; 
others  are  wild,  the  larva?  inhabiting  small  shaded  pools  and  swamps  They 
occur  mainly  in  the  temperate  climates,  but  a  few  species  extend  into  the 
sub-tropics. 

Genus  Taeniorhynchus  Arr.  (1891). 

Synonym.  Mansonia  Blanch.  (1901)  (in  part). 

Medium-size  to  fairly  large  species  (3-6  mm.)  of  variable  appearance  and 
coloration,  often  almost  entirely  yellow,  or  dark  with  pronounced  speckling 
and  banding  of  pale  scales,  particularly  on  the  wings  and  legs ;  female  palpi 
short  (not  so  short  as  in  Culex),  usually  about  one-quarter  the  length  of  the 
proboscis  ;  male  palpi  long,  somewhat  thickened  distally  ;  tip  of  female  abdomen 
truncate,  the  cerci  scarcely  visible  ;  three  spermathecse  present  ;  wing  scales 
in  some  species  very  broad  and  dense.  The  larvae  are  devoid  of  a  pecten,  and 
.  have  the  air-tube  attenuated  distally,  strongly  chitinized  and  serrated  at  the 
apex,  and  armed  with  terminal  hooks.  These  mosquitoes  have  a  wide  distri¬ 
bution  extending  from  the  tropics  to  the  temperate  regions.  The  females  are 
very  bloodthirsty,  and  often  fly  considerable  distances  from  their  breeding 
places  ;  these  are  in  swamps  or  marshy  pools,  where  there  is  an  abundance  of 
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vegetation.  The  habits  of  the  larvae  are  of  peculiar  interest  in  that  they  remain 
constantly  submerged  and  attached,  by  means  of  the  highly  modified  air-tube, 
to  the  roots  of  certain  water  plants — Salvinia,  Pistia,  Glyceria — through  the 
tissues  of  which  they  respire.  The  pupae  also  remain  below,  attaching  them¬ 
selves  to  the  plants  by  their  air-trumpets.  In  temperate  climates  the  winter  is 
passed  in  the  larval  stage. 

Genus  Mansonioides  Theo.  (1907). 

Synonym.  Mansonia  Blanch.  (1901)  (in  part). 

The  females  of  this  genus  are  difficult  to  separate  from  some  of  the  New 
World  species  of  T ceniorhynchus ,  and  it  may  be  that  the  group  only  merits 
sub-generic  rank.  The  male  palpi,  however,  are  entirely  different,  as  the  penulti¬ 
mate  joint  is  long,  thin,  and  curved  upwards,  and  the  terminal  joint  extremely 
small — not  more  than  one-quarter  the  length  of  the  preceding.  Five  species 
are  known,  all  of  which  are  brown  in  colour,  conspicuously  mottled  and 
banded  with  yellow  or  white  ;  the  wing  scales  are  broad  and  dense.  Their 
life-history  and  habits  are  very  similar  to  those  of  T ceniorhynchus,  and  they 
often  occur  in  large  numbers  in  swampy  regions  of  the  tropics  and  sub-tropics 
of  the  Old  World.  M.  uniformis  Theo.  is  found  throughout  the  Oriental 
region,  Australia,  and  Africa,  and  may  be  concerned  with  the  spread  of  filariasis 
as  partial  development  of  embryo  filarise  has  been  observed  in  individuals  of 
this  species.  In  Africa  it  is  largely  replaced  by  the  closely  related  M.  africana 
Theo. 

Genus  Culex  L.  (1758). 

This  genus  contains  a  very  large  number  of  species,  most  of  which  are  similar 
in  structure  to  C.pipiens  L.  or  C .  fatigans  Wied.  (see  Plate  XVI).  The  larvae 
may  be  recognized  by  the  breathing-tubes,  usually  long  and  narrow,  bearing 
a  well  developed  pecten  and  several  pairs,  instead  of  a  single  pair,  of  ventral 
hair-tufts.  Some  of  the  larger  species  are  predaceous  in  the  larval  stage,  e.  g., 
C.  ( Lutzia )  bigoti  Bell.,  C.  (Jamesia)  concolor  Rob.  Desv.,  and  C.  ( Jamesia ) 
tigripes  Grand.  The  breeding-places  are  varied,  but  are  generally  in  collec¬ 
tions  of  water  of  a  permanent  nature  ;  a  few  species  breed  in  tree-holes,  water¬ 
holding  plants,  etc.  Development  is  comparatively  rapid,  and  breeding  is 
continuous  throughout  the  favourable  season.  The  fertilized  females  hibernate. 
The  genus  contains  a  number  of  sub-genera,  of  which  may  be  mentioned  : 

Sub-genus  Culex  L.  As  restricted  this  group  includes  only  those  species 
which  conform  to  the  type  C.  pipiens  L.  Its  members  are  numerous  and  easily 
recognized  in  both  sexes.  They  average,  perhaps,  4  mm.  in  length,  and  are  chiefly 
brownish  species,  with  or  without  yellowish  ornamentation.  The  male  palpi  . 
are  considerably  longer  than  the  proboscis,  with  the  last  two  segments  tapering, 
curved  upwards,  and  densely  hairy ;  the  female  palpi  are  very  short,  about  one- 
fifth  as  long  as  the  proboscis.  The  claws  are  all  simple  in  the  female,  those 
of  the  fore  and  middle  legs  toothed  in  the  male.  The  cephalic  scales  are  of  three 
kinds — flat,  curved  and  erect  forked ;  the  flat  scales  are  confined  to  small  lateral 
areas ;  the  scales  on  the  disk  of  the  mesonotum  and  scutellum  are  curved ; 
the  lateral  vein-scales  are  usually  linear. 

Culex  pipiens  L.  (1758). 

This  species  is  the  common  house  mosquito  of  the  temperate  regions  but  is 
also  known  to  occur  in  north  and  east  Africa  and  Madagascar.  It  is  from 
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3-4  mm.  long,  with  a  reddish-brown  thorax  clothed  with  small  golden-brown 
scales  ;  the  pleurae  bear  patches  of  yellowish-white  scales  ;  the  abdomen  is 
covered  with  blackish  scales,  which  are  interrupted  on  most  of  the  segments 
with  transverse  bands  of  yellowish-white  ones.  The  wings  are  hyaline,  with 
dark  brown  scales  on  the  veins;  the  first  fork-cell  is  long  and  narrow,  and  is 
five  or  six  times  as  long  as  its  petiole.  The  legs  are  dark  brown,  with  whitish 
spots  at  the  apices  of  the  femora  and  tibiae.  It  breeds  in  almost  any  water,  but 
favours  that  which  is  contaminated  with  sewage  or  animal  matter.  The  females 
bite  at  night,  and  are  thought  to  feed  chiefly  on  birds. 

Culex  fatigans  Wied.  (1828). 

Synonym.  The  most  important  is  Culex  quinquefasciatus  Say.  (1823). 

(Plate  XVI.) 

This  species  apparently  replaces  C.  pipiens  in  most  of  the  warmer  parts 
of  the  world,  and,  like  it,  is  essentially  a  domestic  species  ;  it  is  very  widely 
distributed  and  has  been  recorded  from  most  tropical  and  sub-tropical  countries. 
It  resembles  C.  pipiens  very  closely,  and  has  frequently  been  confused  with 
that  species.  Colorational  differences  between  the  two  are  very  slight  and  are 
not  reliable,  and  any  doubt  can  only  be  decided  by  an  examination  of  the 
male  genitalia  or  larvae.  The  larvae  differ  from  those  of  C.  pipiens  chiefly 
in  possessing  a  rather  shorter  air-tube  (4x1  instead  of  5x1)  and  fewer  pecten 
spines  (about  9  instead  of  15).  The  adult  and  breeding  habits  are  also  very 
similar  to  those  of  C  pipiens,  the  larvae  thriving  best  in  foul  water. 

C.  fatigans  transmits  Filaria  bancrofti,  and  is  a  probable  agent  in  the  spread 
of  dengue  fever.  It  also  transmits  the  dog  filaria  ( D .  immitis)  in  Australia. 

Sub-genus  Culiciomyia  Theo.  Very  similar  to  Culex  (sens,  stric.),  but 
with  small  flat  scales  round  the  eyes  and  a  row  of  outstanding  scales  on  the  male 
palpi.  Culiciomyia  nebulosa  Theo.  is  widely  distributed  in  tropical  Africa  and 
is  one  of  the  commonest  mosquitoes  on  the  West  Coast. 

Sub-genus  Lophoceratomyia  Theo.  Differs  from  typical  Culex  in  possessing 
peculiar  hair — or  scale — tufts  on  the  male  antennae  and  in  the  reduction  of  the 
lateral  vein-scales,  which  are  practically  absent  in  both  sexes  except  towards 
the  apex  of  the  wing.  Species  are  found  in  the  Oriental  and  Australian  regions. 

Sub-genus  Carollia  Lutz.  Two  species,  both  from  tropical  America  and 
the  West  Indies,  belong  to  this  sub-genus.  They  are  characterized  by  a  reduction 
of  the  mesonotal  bristles  and  by  the  abdomen  being  laterally  compressed.  They 
breed  in  water  contained  in  broken  or  cut  bamboos. 

Genus  Psorophora  Rob.  Desv.  (1827). 

Medium  size  to  large  species  (3-5-9  mm.)  of  varied  appearance  and  colora¬ 
tion.  Male  palpi  longer  than  the  proboscis,  generally  exceeding  it  in  length 
by  almost  the  last  two  segments,  which  are  thickened  and  may  be  strongly 
inflated  ;  female  palpi  never  more  than  half  the  length  of  the  proboscis,  usually 
shorter.  Thorax  projecting  somewhat  anteriorly  ;  eighth  abdominal  segment 
entirely  membranous  and  retractile,  the  cerci  prominent.  Wings  usually 
more  or  less  infuscated  ;  legs  in  some  species  with  conspicuous  outstanding 
scales.  These  mosquitoes  are  confined  to  America,  where  they  extend  through¬ 
out  the  tropics  and  well  into  the  temperate  zones. 

Howard,  Dyar,  and  Knab  recognize  two  sub-genera  on  larval  characters — 
Psorophora  (sens,  stric.)  and  Janthinosoma  Arr.  Some  species  of  the  latter  are 
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very  annoying  to  man  and  stock,  and  at  least  two — J.  lutzi  Theo.  andJ.  posticata 
Wied. — act  as  carriers  of  the  eggs  of  the  oestrid  fly  Dermatobia  hominis  ( D . 
cyaniventris).  The  relatively  large  eggs  of  this  fly  are  firmly  cemented  to  the 
abdomen  of  the  mosquito  and  hatch  on  the  skin  of  the  host  when  the  mosquito 
bites.  The  development  of  the  mosquitoes  of  this  genus  is  often  extraordinarily 
rapid. 

Genus  Aedes  Mg.  (1818). 

This  genus,  as  now  recognized,  contains  some  200  to  300  species,  many  of 
which  were  previously  and  erroneously  placed  in  Culex.  It  is  a  cosmopolitan 
group,  and  the  only  one  represented  in  the  Arctic  regions.  Considerable 
diversity  of  structure  occurs,  and  a  number  of  sub-genera  may  be  distinguished. 
The  more  important  of  these  are  Stegomyia  and  Ochlerotatus  which  are  defined 
by  Edwards  as  follows  : 

Sub-genus  Stegomyia  Theo.  Larva  :  antennae  short,  cylindrical,  without 
microscopic  spines,  the  tuft  minute  and  never  more  than  two-haired  ;  frontal 
hairs  always  single  ;  comb-scales  in  a  single  row.  Male  genitalia  :  claspers 
with  a  single  terminal  or  sub-terminal  articulated  spine  ;  side  pieces  without 
apical  lobes  ;  unci  usually  more  or  less  brush-like  or  pectinate.  Male  palpi 
usually  long,  thin  and  without  hair-tufts  ;  quite  short  in  two  species  ( annuli - 
rostris  and  thomsoni).  Female  claws  toothed  or  not.  Female  abdomen  without 
distinct  cerci,  the  eighth  tergite  prominent,  but  not  the  eighth  sternite.  Usually 
ornate  species,  frequently  black  and  white,  with  conspicuous  white  rings  on  the 
legs  ;  flat  scales  on  head  and  scutellum. 

Sub-genus  Ochlerotatus  (Arr.)  Edw.  Larva  :  antennae  longer  than  in 
Stegomyia ,  usually  more  or  less  curved  and  tapering,  and  covered  with  micro¬ 
scopic  spines  ;  tuft  well-developed  and  nearly  always  many-haired  ;  frontal 
hairs  usually  multiple  ;  comb-scales  nearly  always  on  a  triangular  patch. 
Male  genitalia  very  diverse,  but  the  claspers  with  a  single  articulated  spine, 
which  may  or  not  be  terminal.  Male  antennae  with  the  verticillate  hairs  more 
numerous  dorsally  and  ventrally.  Male  palpi  usually  long,  with  the  last  two 
joints  somewhat  swollen,  hairy  and  bent  downwards  ;  in  a  few  species  ( eatoni , 
&c.)  only  about  half  as  long  as  the  proboscis.  Female  claws  almost  always 
toothed.  Female  abdomen  with  distinct  projecting  cerci,  except  in  one  group. 
Ornamentation  very  diverse. 

Aedes  (Stegomyia)  fasciata  Fabr.  (1805). 

Synonyms.  The  most  important  are  Aedes  calopus  Mg.  (1818),  and  Stegomyia 

calopus  Mg.  (1818). 

(Plate  XVII.) 

The  so-called  ‘Tiger  ’  or  ‘Yellow  Fever  ’  mosquito  is  one  of  the  best  known 
members  of  the  Culicinae.  It  averages  4  mm.  in  length,  and  may  be  easily 
recognized  by  its  characteristic  appearance  and  ornamentation,  which  are  well 
shown  in  the  plate.  The  adornment  is  subject  to  little  variation,  but  the  general 
colour,  usually  dark  brown  or  black,  varies  considerably  in  intensity.  The 
male  closely  resembles  the  female,  but  the  palpi  are  elongate  and  ringed  with 
white.  The  clypeus,  in  both  sexes,  bears  white  scales. 

Pre-eminently  the  domestic  mosquito  of  the  tropics  it  is  rarely,  if  ever, 
found  except  in  the  immediate  vicinity  of  human  habitations.  To  this  close 
connexion  with  man  is  largely  due  its  wide  distribution,  as  it  is  often  carried 


P  L  AT  E 


XVII. 


# 

AEDES  (STEGOMYIA)  FASCIATA  Fabr. 

Female  . 


THE  BLOOD-SUCKING  NEMATOCERA 


363 


Fig.  182.  Map  of  the  World  showing  Geographical  Distribution  of  A'edes  ( Stegomyia )  fasciata  Fabr. 
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long  distances  by  boats  and  trains  in  both  larval  and  adult  stages.  Its  acquired 
habit  of  breeding  in  artificial  receptacles  makes  its  transportation  by  ships  an 
easy  matter.  It  is  found  in  most  of  the  countries  lying  between  latitudes  40°  N. 
and  40°  S.,  and  its  presence  in  temperate  regions  beyond  these  limits  is  of 
a  temporary  nature.  For  its  successful  establishment  a  relatively  high, more  or 
less  uniform,  temperature,  and  a  humid  atmosphere  are  necessary.  The  adults 
are  essentially  diurnal  in  habit,  particularly  active  in  bright  warm  weather, 
and  seek  shelter  during  the  night  and  on  unfavourable  days  in  the  darkened 
corners  of  buildings.  The  females  may  live  for  several  weeks.  They  bite  readily 
during  the  day,  and  the  statement  that  it  is  only  the  newly  emerged  and  there¬ 
fore  non-infective  individuals  which  do  so  is  erroneous.  With  this  species  blood 
appears  to  be  essential  for  propagation,  and  the  eggs  may  be  retained  within 
the  body  for  long  periods  unless  such  food  is  forthcoming.  Macfie  states  that 
the  female  takes  her  first  blood  meal  two  or  three  days  after  emergence,  and 
that,  if  previously  fertilized,  she  lays  her  first  batch  of  eggs  on  the  sixth  or 
seventh  day ;  later  meals  are  taken  regularly  every  third  or  fourth  day,  once 
after  each  oviposition.  The  eggs  are  laid  singly  in  small  groups  of  from  20  to  80 
or  so,  either  on  the  water  surface  or  at  the  edge  of  the  water,  and  under  favourable 
conditions,  especially  as  regards  atmospheric  humidity,  hatch  in  from  two  to 
four  days.  According  to  Bacot  the  presence  of  living  bacteria  and  yeasts  in 
the  water  act  as  powerful  stimuli  to  hatching.  The  eggs  are  very  resistant, 
and  are  capable  of  withstanding  desiccation  to  a  remarkable  degree;  adults 
have  been  raised  from  eggs  which  have  been  dried  for  six  to  nine  months. 
The  mature  larva  measures  about  5  mm.  in  length,  and  is  provided  with  a  short 
black  air-tube  rather  more  than  twice  as  long  as  wide.  Its  chief  characters  are : 
antennae,  with  a  single  hair  near  the  middle  ;  thorax,  with  large  chitinous  hair¬ 
bearing  hooks  on  each  side;  abdomen,  relatively  broad,  the  lateral  combs  each 
composed  of  eight  to  ten  barbed  spines  or  scales  arranged  in  a  single  row,  the  air- 
tube  with  a  trifurcate  hair  just  beyond  the  pecten,  which  extends  to  about  the 
middle,  and  the  anal  segment  broader  than  long  with  a  dorsal  chitinous  plate, 
the  lateral  extensions  of  which  do  not  quite  meet  on  the  ventral  surface.  The 
air-tube  of  the  young  larvae  is  black  only  at  the  apex.  The  larvae  are  found 
in  water  in  artificial  receptacles  both  in  and  out  of  doors  —  tanks,  barrels, 
bottles,  tins,  earthen  pots,  etc.,  etc. — and,  provided  they  be  near  habitations, 
tree-holes,  and  bromeliaceous  plants.  The  larvae  can  withstand  many  hours  of 
complete  submersion  and  in  nature  tend  to  keep  near  the  bottom.  They  feed 
upon  decaying  organic  matter  and  thrive  in  comparatively  clear  water  as  well 
as  in  water  highly  charged  with  animal  substances.  The  duration  of  the  larval 
stage  is  greatly  prolonged  by  low  temperatures,  but  normally  varies  from  about 
5  to  10  days.  The  pupal  stage  lasts  two  or  three  days  as  a  rule  and  the  life 
cycle  is  usually  completed  in  from  10  to  20  days.  The  part  played  by  this 
mosquito  in  the  dissemination  of  disease  is  dealt  with  on  p.  343. 

Aedes  ( Stegomyia )  albopida  Skuse. 

Synonym.  Stegomyia  scutellaris  Theo.  ( nec  Walker). 

This  species  is  very  common  in  the  Oriental  region,  where  it  is  more  abundant 
and  generally  distributed  than  the  preceding.  It  is  domestic  in  habits,  but  its 
association  with  man  is  apparently  of  a  looser  nature  than  that  of  A.  ( S .) 
fasciata.  The  adults  may  easily  be  recognized  by  the  presence  of  a  single 
silvery-white  line  extending  down  the  middle  of  the  thorax.  The  larvae  are 
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commonly  found  in  artificial  receptacles  containing  water  in  the  neighbourhood 
of  habitations,  but  also  occur  in  water  in  tree-holes,  bamboos,  etc.  Incomplete 
development  of  the  embryos  of  F.  bancrofti  has  been  observed  in  this  mosquito. 
The  species  is  also  found  in  New  Guinea  and  North  Australia. 

Aedes  ( Stegomyia )  variegata  Dol. 

Synonym.  Stegomyia  pseudoscutellaris  Theo. 

This  species  has  been  shown  by  Bahr  to  be  a  transmitting  agent  of 
F.  bancrofti  in  the  Fiji  Islands.  It  may  be  distinguished  from  A.  (S.)  albopicta, 
which  it  closely  resembles,  by  the  pleurae  being  ornamented  by  silvery-white 
lines  instead  of  spots.  It  occurs  on  several  of  the  Pacific  Islands,  on  Christmas 
Island,  and  in  New  Guinea. 

Tribe  SABETHINI. 

The  Sabethines  form  a  natural  group  of  the  Culicinae.  Unfortunately, 
however,  they  are  not  always  easy  to  place,  and  the  true  position  of  some  species 
can  only  be  decided  after  careful  examination  and  the  consideration  of  a  number 
of  characters.  In  such  cases  relationship  is  shown  in  various  ways — by  the 
structure  of  the  male  genitalia,  the  4  keeled  ’  appearance  of  the  postnotum,  the 
relative  shortness  of  the  hind  tibiae,  and  the  type  of  scale  vestiture.  The  scales 
are  usually  arranged  in  dense  overlapping  layers  and  are  closely  appressed  to 
the  integument  so  that  a  smooth  coating  is  formed.  Upright  forked  scales, 
if  present,  are  limited  to  the  posterior  region  of  the  head.  The  secondary  male 
characters  may  be  poorly  developed  :  the  antennae  are  not  infrequently  pilose 
as  in  the  females  ( Sabethes ,  Wyeomyia,  Hodgesia,  etc.),  the  palpi  often  very 
short,  and  the  claws  not  differentiated.  The  larvae  differ  from  those  of  all  other 
mosquitoes  in  the  absence  of  the  median  ventral  brush  on  the  last  abdominal 
segment.  These  mosquitoes  are  essentially  tropical,  forest-haunting  insects 
of  diurnal  habit.  Many  species  are  known  to  bite,  but  none  has  been  associated 
with  the  transmission  of  disease.  A  large  number  breed  in  water-holding  plants 
or  less  frequently  in  rot-holes  in  trees ;  many  are  predaceous  in  the  larval  stage. 
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FAMILY  PSYCHODID.ZE 

Small  or  minute  and  very  hairy  flies.  Eyes  separated  in  both  sexes  ;  ocelli 
absent.  Proboscis  short,  fleshy  or  chitinous  ;  palpi  moderately  long,  incurved, 
covered  with  hairs  and  scales.  Antennae  long,  filiform  or  moniliform,  thickly 
*  haired  and  varying  little  in  the  sexes  ;  composed  of  twelve  to  sixteen  segments. 
Thorax  not  greatly  arched.  Abdomen  consisting  of  eight  to  ten  segments,  the 
male  genitalia  large  and  conspicuous.  Wings  large  oval  or  lanceolate,  often 
pointed,  densely  covered  with  hairs  (occasionally  intermixed  with  scales),  which 
also  form  a  fringe  round  the  margins.  Venation  formed  chiefly  of  longitudinal 
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veins,  the  cross-veins  reduced  and  situated  in  the  basal  portion  of  the  wing. 
Costal  vein  extending  completely  round  the  wing  margin.  Longitudinal  veins  six 
or  seven  in  number — the  second  forked  once  or  twice,  the  fourth  with  a  single 
fork,  the  others  simple.  The  third  vein  reaches  the  margin  at,  or  near,  the  apex 
of  the  wing.  Legs  long  or  short,  clothed  with  hairs  and  scales  ;  claws  small. 

The  Psychodid  se  are  commonly  known  as  moth-flies  or  owl-midges  and  rarely 
exceed  4  mm.  in  length.  They  are  cosmopolitan  and  frequent  shady,  humid 
places  ;  they  may  be  immediately  recognized  by  their  peculiar  moth-like 
appearance,  their  habit  of  running  nimbly  about,  and  their  weak  flight,  which 
is  interrupted  and  resembles  a  series  of  hops.  The  larvae  live  in  decaying  vege¬ 
tation,  fungi,  dung,  semi-liquid  filth  or  water;  those  of  certain  species  of 
Psychoda  sometimes  occur  in  vast  numbers  in  the  filter  beds  used  for  the 
purification  of  sewage.  Psychodid  larvae  are  cylindrical  and  possess  distinct 
heads  and  mandibles.  They  breathe  by  spiracles  or  gills,  and  in  some  species 
the  anal  extremity  is  produced  into  a  more  or  less  pointed  chitinous  siphon 
tube.  The  body  often  bears  numerous  hairs  or  bristles,  but  is  devoid  of  prolegs, 
except  in  certain  forms  (Maruina)  which  live  in  swiftly  flowing  water ;  in 
these  the  prolegs  are  represented  by  ventral  sucking  disks.  The  pupa  is  naked 
inactive,  and  is  sometimes  anchored  by  the  remains  of  the  larval  skin,  which 
then  encloses  the  posterior  segments.  A  pair  of  respiratory  trumpets  arise 
from  the  dorsal  surface  of  the  thorax. 

The  Psychodid 8e  are  usually  divided  into  two  sub-families : 

1.  Psychodinve,  in  which  the  second  longitudinal  vein  bifurcates  twice, 
the  first  or  lowermost  branch  arising  from  the  main  stem  near  the  base  of  the 
wing  and  resembling  a  longitudinal  vein ;  the  female  ovipositor  is  horny  and 
conspicuous,  and  the  male  genitalia  consist  of  two  (rarely  three)  pairs  of  clasping 
appendages. 

2.  Phlebotomin^e,  in  which  the  second  longitudinal  vein  bifurcates  once  or 
twice,  the  first  branch  arising  from  the  main  stem  near  the  middle  of  the  wing 
and  always  being  a  distinct  furcation  of  the  second  vein ;  the  female  is  devoid 
of  a  horny  ovipositor,  and  the  male  genitalia  consist  of  three  pairs  of  appendages. 

Excepting  the  4  sand-flies  ’  or  members  of  the  genus  Phlebotomus  the  Psycho- 
dids  are  of  little  economic  importance.  The  blood-sucking  habit  is  habitual  in 
Phlebotomus ,  but  apparently  is  not  entirely  restricted  to  this  genus,  as  some 
species  of  Sy corax  (a  genus  allied  to  Phlebotomus ,  but  characterized  by  the  second 
vein  possessing  a  single  bifurcation  and  the  seventh  vein  being  very  short)  are 
said  to  bite. 

Genus  Phlebotomus  Rondani  (1840). 

Synonyms.  Bibio  Scop.  (1786)  (nee  Geoff.),  Ciniphes  Costa  (1843),  Hebotomus 
Rond.  (1843),  Hcemasson  Lw.  (1844). 

Proboscis  chitinous,  adapted  for  piercing  ;  palpi  of  five  segments.  Antennse 
long,  filiform,  composed  of  sixteen  segments.  Wings  narrow  and  very  hairy, 
but  without  scales  except  sometimes  at  the  base ;  second  longitudinal  vein 
twice  forked,  seventh  vein  usually  absent,  but  if  present  extremely  short  and 
inconspicuous.  Larva  terrestrial  in  habit,  grub-like  ;  the  body  hairy  with  two 
pairs  of  long  caudal  bristles.  Pupa  with  the  shrivelled  larval  skin  attached  to 
the  posterior  extremity. 

The  known  species  and  their  varieties  are  all  very  small,  hairy,  yellowish- 
brown  to  brown  flies,  and  are  widely  distributed  in  tropical  and  sub-tropical 
countries  where  they  have  been  found  at  altitudes  up  to  8,000  feet.  P.  papa - 
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tasii,  however,  has  been  recorded  by  Langeron  from  the  environs  of  Paris, 
where  it  presumably  passes  the  greater  part  of  the  year  in  the  larval  stage. 
The  species  of  Phlebotomus,  especially  the  females,  are  difficult  to  distinguish, 
and  careful  microscopic  examination  is  necessary  before  diagnosis  can  be  made. 
Moreover,  too  much  reliance  must  not  be  placed  upon  one  set  of  characters  for 
differential  purposes  as  individual  variation  in  some  species  is  considerable, 
particularly  in  regard  to  the  palpi,  antennae,  and  wings.  Howlett  has  recently 
drawn  attention  to  the  value  of  the  characters  of  the  eggs  and  newly-hatched 
larvae  in  the  separation  of  species.  The  species  he  examined  were  easily  separable 
in  these  stages,  and  as  any  engorged  females  caught  will  oviposit  in  captivity 
in  two  days  and  the  eggs  hatch  in  a  week  or  ten  days  the  matter  is  of  practical 
importance. 

The  known  species  and  their  distribution  are  given  in  the  following  list : 

P.  angustipennis  Mej.  Java. 

P.  cintennatus  Newst.  Gold  Coast. 

P.  argentipes  Ann.  &  Brun.  Plains  of  India,  Ceylon. 

P.  argentipes  var.  marginatus  Ann.  North  India,  Ceylon. 

P.  atroclavatus  Knab.  Trinidad. 

P.  bedfordi  Newst.  Transvaal. 

P.  caucasicus  Marz.  South  Russia. 

P.  cruciatus  Coq.  Guatemala. 

P.  duboscqui  Nev.-Lem.  West  Africa. 

P.  himalayensis  Ann.  North  India. 

P.  ingrami  Newst.  Gold  Coast. 

P.  intermedins  Lutz  &  Neiva.  Brazil. 

P.  longipalpis  Lutz  &  Neiva.  Brazil. 

P.  major  Ann.  North  India. 

P.  major  var.  chinensis  Newst.  China. 

P.  major  var.  griseus  Ann.  North  India. 

P.  malabaricus  Ann.  South  India. 

P.  mascittii  Grassi.  Italy. 

P.  minutus  Rond.  South  Europe,  Asia  Minor,  Arabia,  North  India,  West  Africa, 
Suda  Island. 

P.  minutus  var.  africanus  Newst.  Widely  distributed  in  Africa. 

P.  minutus  var.  niger  Ann.  North  India. 

P.  nicnic  Banks.  Philippine  Is. 

P.  papatasii  Scop.  South  Europe,  Asia  Minor,  Mesopotamia  (Newstead  in 
litt.),  North  India,  North  Africa,  French  West  Africa,  (?)  Guatemala 
(recorded  by  Morales). 

P.  perniciosus  Newst.  Malta,  Spain,  Corsica,  Albania,  North  Africa,  Asia  Minor. 
P.  perniciosus  var.  nigerrimus  Newst.  Malta. 

P.  perturbans  Mej.  North  India,  Java. 

P.  rostrans  Summers.  Rio  Javary,  South  America. 

P.  roubaudi  Newst.  French  West  Africa. 

P.  sergenti  Parrot.  Portugal,  Algeria,  Mesopotamia  and  North  East  Persia 
(Newstead  in  litt.). 

.  P.  simillimus  Newst.  Gold  Coast  and  South  Nigeria. 

P.  squamipleuris  Newst.  Anglo-Egyptian  Sudan,  (?)  Gold  Coast. 

P.  squamiventris  Lutz  &  Neiva.  Brazil. 

P.  stantoni  Newst.  Federated  Malay  States. 

P.  verrucarum  Towns.  Peru. 
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P.  vexator  Coq.  Maryland. 

P.  walkeri  Newst.  Bolivia-Brazil  boundary. 

P.  zeylanicus  Ann.  Ceylon. 

Note.  P.  legeri  Mansion,  recorded  from  Corsica  and  Spain,  and  P.  lusi- 
tanicus  Franca,  from  Portugal,  are  synonymous  with  P.  perniciosus  Newst., 
and  P.  babu  Ann.,  from  India,  with  P.  minutus  Rond.  Annandale  considers 
that  P.  perniciosus  is  a  variety  of  his  P.  major  and  that  P.  angustipennis  Mej. 
is  probably  the  same  as  P.  papatasii.  The  position  and  validity  of  P.  duboscqui 
Nev.-Lem.  are  doubtful,  for,  as  Newstead  indicated,  the  antennal  characters 
mentioned  in  the  description  would,  if  correct,  exclude  it  from  the  genus. 
Fran9a  gives  P.  roubaudi  Newst.  as  a  synonym  of  P.  duboscqui.  A  fossil  species 
from  the  Baltic  amber  has  been  described  by  Meunier  as  P.  tipuliformis. 

STRUCTURE  OF  P.  PAPATASII. 

P.  papatasii  (fig.  184)  is  a  hairy,  ochreous  coloured  fly,  2-5  mm.  in  length, 
with  a  dull  reddish  median  stripe  on  the  thorax. 

The  head  is  distinctly  elongate  and  is  produced  anteriorly  into  a  prominent 
clypeus.  The  eyes  are  large  and  reniform. 


The  proboscis  is  almost  as  long  as  the  head  and  forms  a  most  capable 
piercing  instrument.  The  labium  is  large  and  terminates  in  a  pair  of  well- 
developed  hairy  labellse  ;  the  basal  portion  is  narrower  than  the  rest  and  is 
clothed  with  scales.  The  labrum  and  hypopharynx  are  relatively  broad,  parallel¬ 
sided,  structures  with  attenuated  dentate  tips  ;  but  whereas  the  labrum  is 
suddenly  attenuated  and  armed  with  long  spinose  teeth  the  hypopharynx 
gradually  tapers  off  and  is  provided  with  much  shorter,  more  numerous,  teeth. 
The  mandibles  are  broad  and  have  the  outer  distal  edges  finely  serrated.  The 
maxillae  are  narrow  and  somewhat  twisted  distally ;  the  inner  edges  are 
armed  with  five  large  widely  separated  teeth,  the  outer  edges  with  numerous 
smaller  ones. 

The  palpi  are  composed  of  five  segments  all  of  which  are  clothed  with  scales 
and  hairs.  The  first  segment  is  minute,  the  second,  third,  and  fourth  are  of 
moderate  length,  sub-equal,  and  the  last  is  long  and  narrow,  almost  twice  the 
length  of  any  other  segment  ;  the  fourth  and  fifth  segments  are  annulated.  In 
life  the  last  two  segments  are  bent  downwards  and  backwards  round  the 
proboscis. 

The  antennae  are  long  and  consist  of  sixteen  segments  ;  the  first  two 
segments  are  short  and  stout,  the  rest,  which  form  the  flagellum,  are  much 
narrower  and  are  elongate  with  slightly  swollen  bases.  The  third  segment  is 
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much  the  longest,  being  three  or  more  times  the  length  of  any  other  segment  of 
the  flagellum.  All  the  segments  are  clothed  with  hairs  and  many  of  them  bear 
a  pair  of  short  geniculate  spines.  The  hairs  are  not  arranged  in  very  definite 
whorls  and  no  appreciable  differences  exist  between  the  antennae  of  the  males 
and  females. 

The  thorax  is  thickly  covered  with  more  or  less  erect  greyish  hairs,  arranged 
in  loose  tufts  ;  the  scutellum  and  postscutellum  are  well  developed. 

The  abdomen  consists  of  ten  segments  and  is  clothed  with  hairs  similar  to 
those  on  the  thorax.  In  the  females  the  external  genitalia  are  two  pairs  of  simple 
hairy  lamellae  ;  the  male  appendages  are  extremely  large  and  conspicuous,  and 
provide  not  only  a  simple  means  of  distinguishing  the  sexes  but  important 
specific  characters. 

The  legs  are  long  and  slender,  and  are  densely  clothed  with  hairs  and 
scales. 

The  wings  are  thickly  covered  with  relatively  long  hairs  which  also  form  a 
fringe  round  the  margin  ;  they  are  slightly  separated  and  raised  considerably 
above  the  body  when  the  fly  is  resting.  The  venation  is  shown  in  fig.  183  ;  the 
seventh  vein,  although  greatly  reduced,  is  present  in  P.  papatasii  but  is  absent 
in  most  other  species  of  the  genus. 

INTERNAL  ANATOMY. 

The  structure  of  the  alimentary  canal  differs  from  that  of  the  mosquitoes 
in  several  particulars.  The  buccal  cavity  is  a  small  chitinous  chamber  lying  at 
the  base  of  the  clypeus,  and  is  connected  to  the  pharynx  by  a  short  slender  tube. 
The  oesophagus  opens  out  of  the  posterior  end  of  the  pharynx  and  passes  through 
the  thorax  to  the  mid-gut.  Immediately  before  entering  the  thorax  it  gives  off 
a  delicate  dorsal  branch  which  leads  to  the  relatively  large  crop  or  ‘  sucking 
stomach  ’  situated  in  the  anterior  part  of  the  abdomen.  The  mid-gut  is  some¬ 
what  pyriform  with  the  narrow  end  situated  anteriorly  ;  when  fully  distended 
it  occupies  a  large  portion  of  the  abdomen.  The  hind-gut  is  narrow  and  con¬ 
voluted  anteriorly  but  widens  behind,  and  then  runs  directly  backwards  to  the 
rectum.  There  are  two  pairs  of  long,  looped,  Malpighian  tubules,  each  pair 
arising  from  a  relatively  long  common  stem  which  joins  the  intestine  immediately 
below  the  mid-gut. 

The  salivary  glands  are  broadly  dilated  unilobular  structures,  situated  one 
on  each  side  and  just  within  the  thorax.  The  acinal  ducts  unite  in  the  head 
forming  a  common  duct  which  opens  into  the  buccal  cavity. 

The  internal  sexual  organs  of  the  female  consist  of  ovaries,  oviducts,  sebaceous 
glands,  and  spermathecje.  The  mature  ovaries  occupy  the  greater  part  of  the 
abdominal  cavity  and  contain  20-25  eggs  each.  The  two  sebaceous  glands  are 
elongate  sac-like  organs  and  open  by  short  ducts  into  the  upper  portion  of  the 
common  oviduct.  Two  spermathecse  are  present  ;  they  are  sub-spherical, 
relatively  large  structures,  and  are  not  heavily  chitinized  except  at  the  junction 
with  the  ducts. 

LIFE- HISTORY  OF  P.  PAPATASII. 

The  female  deposits  her  eggs  in  dark,  rather  damp  places  where  organic 
matter  is  available  as  food  for  the  larvax  They  are  not  laid  in  masses  and  each 
egg  is  expelled  some  distance  from  the  abdomen.  A  single  oviposition  consists 
of  40-50  eggs,  and  Newstead’s  observations  tend  to  show  that  the  process 
may  take  several  days  for  completion,  and  that  many  females  may  die  before 
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producing  their  full  complement.  Marett,  however,  states  that  when  pregnancy 
is  short  the  eggs  are  more  likely  to  be  fertile,  and  are  then  all  laid  within 
24  hours. 

The  eggs  are  0-1-0-15  mm.  long,  elongate  oval  in  form,  and  thinly  covered 
with  a  viscous  substance.  They  become  yellowish-brown  a  few  hours  after 
being  laid,  and  the  surface  is  then  seen  to  be  coarsely  reticulated.  According 
to  ILowlett  the  eggs  of  P.  minutus  and  P.  argentipes  are  dark  brown  and  smaller 


adult  larva  ;  c.;  pupa  showing  larval  skin  attached  to  the  posterior  extremity  ; 
d.,  adult  female,  resting  position.  (After  Newstead,  Bull.  Ent.  Res.,  Vol.  II.) 

than  those  of  P.  papatasii  and  show  different  surface  sculpturing.  In  P.  minutus 
the  pattern  is  made  up  of  juxtaposed  circles,  and  in  P.  argentipes  of  narrow 
parallelograms,  the  longitudinal  lines,  as  well  as  the  crosslines  joining  them,  being 
straighter  and  more  distinct  than  in  P.  papatasii.  In  captivity,  in  hot  weather, 
the  eggs  hatch  in  6-9  days  if  kept  in  a  moist  atmosphere.  In  cold  weather  or 
a  somewhat  dry  atmosphere,  the  incubation  period  is  prolonged  and  may  last 
20  days. 

When  mature  the  larva  is  from  2-4  mm.  long  and  is  white  with  a  black  head. 
The  latter  is  broad  and  is  sparsely  clothed  with  short  hairs  and  feathered  bristles. 
The  mouth  parts  are  mandibulate,  the  mandibles  being  large  and  dentate,  and 
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the  labial  plate  triangular  and  armed  with  four  teeth  on  each  side.  The  antennae 
are  small  and  are  composed  of  three  segments,  the  first  two  rudimentary,  the 
third  oval,  broad,  and  somewhat  flattened.  The  body  consists  of  twelve  segments, 
each  of  which  bears  a  number  (8-10)  of  hairy  spines  or  bristles  arranged  in  a 
transverse  row  ;  the  terminal  segment  carries  two  pairs  of  very  long  dorsal 
bristles.  The  young  larva  resembles  the  mature  larva  but  the  body  spines  are 
much  smaller  and  are  broadly  dilated  distally,  and  one  of  the  two  pairs  of  caudal 
bristles  is  quite  rudimentary.  Howlett  states  that  in  newly-hatched  larvae  the 
relative  length  of  the  tail  bristles  as  compared  with  the  body,  and  the  shape 
of  the  body  spines,  afford  easily  recognizable  specific  characters.  In  P.  papatasii 
the  ratio  of  length  of  body  (including  the  head)  to  length  of  tail  bristles  is  6  :  5, 
in  P.  argentipes  5  :  5,  and  in  P.  minutus  4:5.  The  larvae,  particularly  when 
young,  are  active  and  voracious,  feeding  mainly  upon  the  dejecta  of  animals 
(e. g.  wood-lice,  lizards,  etc.)  which  frequent  their  breeding-places.  They  are 
always  more  or  less  covered  with  debris,  which  becomes  attached  to  the  body 
bristles,  and  thus  disguised  are  almost  impossible  to  detect.  The  duration 
of  the  larval  stage  varies  considerably.  In  cold  or  dry  seasons  it  may 
last  four  or  five  months,  the  larva  becoming  semi-dormant  and  hibernating  ; 
excessive  humidity  also  retards  development.  Under  favourable  conditions 
the  larva  of  P.  papatasii  becomes  mature  in  5-8  weeks. 

The  pupa  often  lies  free  on  the  surface  of  the  detritus,  but  also  occurs  in  an 
upright  position  attached  to  stones,  etc.  It  is  ochreous-buff  in  colour  and  has 
the  thoracic  appendages  free  from  the  body,  and  the  remains  of  the  larval  skin 
attached  to  the  more  or  less  up-tilted  posterior  extremity.  The  integument  is 
covered  with  minute  squamose  spines,  and  minute  tuberculate  spines  are  present 
at  the  sides  of  the  thorax  and  abdomen.  The  duration  of  the  pupal  stage,  in 
Malta,  is  11-16  days  while  the  development  from  egg  to  adult  occupies  about 
three  months.  In  India  the  life-cycle  may  be  completed  in  one  month  in  the 
hot  season  and  in  6-8  weeks  in  the  cold  season. 

BIONOMICS. 

Adult  Habits.  The  adults  are  crepuscular  and  nocturnal  in  habit,  and  are  most 
active  on  warm  still  nights  from  sunset  onwards.  They  are  particularly  annoying 
and  abundant  after  a  spell  of  inclement  weather  during  which  they  are  confined 
to  their  natural  haunts — crevices  in  walls,  piles  of  stones,  tree-holes,  caves,  etc. 
They  also  shelter  in  dark  places  in  buildings,  chiefly  in  rooms  on  the  ground  floor, 
and  in  latrines.  Sunlight  is  distasteful  to  them,  but  artificial  light,  if  not  too 
intense,  is  attractive.  Their  flight  is  feeble  and  short,  and  although  they  are 
never  in  evidence  during  rough  weather  and  do  not  occur  in  exposed  districts, 
slight  breezes  may  disperse  them.  Occasional  specimens  have  been  found  on 
ships  half  a  mile  from  land. 

Food.  This  species  bites  both  warm-  and  cold-blooded  animals  ;  in  man 
the  neck,  hands,  wrists,  and  ankles  are  most  often  selected,  and  to  many  people 
the  bites  are  severe  and  the  subsequent  irritation  intolerable.  Engorgement  is 
rapid  and  great,  and  in  36-40  hours  digestion  is  complete.  Blood  is  probably 
an  important  factor  in  the  production  of  fertile  eggs,  and  a  meal  is  apparently 
necessary  after  fertilization.  The  food  of  the  male  Plilebotomus  is  somewhat 
uncertain  ;  Lemaire  believes  that  both  sexes  of  P.  duboscqui  bite. 

Some  species  are  much  more  closely  associated  with  man  than  others. 
P.  papatasii  is  undoubtedly  domestic  and  is  strongly  attracted  to  inhabited 
houses.  P.  ?ninutus,  P.  vexator,  P.  verrucarum  and  others  are  not  strictly 
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domestic  and  feed  normally  upon  reptiles.  P.  minutus  lives  in  close  biological 
association  with  wall  lizards  and,  in  North  West  India,  attacks  man  only  in  the 
hot  season  although  it  breeds  continuously  throughout  the  year.  P.  verrucarum, 
which  inhabits  deep  hot  canons  in  Peru,  is  independent  of  man  but  will  bite 
warm-blooded  animals  as  well  as  lizards.  Lutz  in  South  America  has  observed 
Phlebotomus  in  uninhabited  forest  regions. 

Length  of  life  of  the  adult.  Under  natural  conditions  this  is  unknown,  but 
Marett  states  that  flies  persist  in  small  numbers  in  Malta  some  weeks  after 
breeding  has  ceased.  In  captivity  they  may  live  a  considerable  time  if  kept  in 
a  cool  moist  atmosphere,  but  frequently  they  die  within  a  few  days  ;  Wenyon 
succeeded  in  keeping  specimens  alive  for  several  weeks — one  female  living 
48  days.  They  may  be  transported  considerable  distances  on  ships  and  are 
undoubtedly  distributed  by  coasting  vessels  ;  thus,  so  long  as  suitable  breeding- 
places  exist,  they  may  become  established  in  localities  where  they  were  pre¬ 
viously  unknown.  Gabbi  in  this  way  accounts  for  their  presence,  and  the 
sand-fly  fever  epidemic,  in  Messina,  when  the  ruins  caused  by  the  earthquake 
provided  ideal  breeding-places. 

Development  and  breeding-places.  Temperature  and  atmospheric  humidity 
are  the  chief  factors  regulating  breeding  and  development.  Marett  states 
that  the  requisite  temperature  for  active  breeding  is  above  70°  F.  (21-8°  C.) 
and  up  to  86°  F.  (30°  C.),  and  that  below  60°  F.  (15-5°  C.)  the  larvae  become 
dormant.  The  influence  of  heat,  however,  varies  with  different  species. 
Howlett  has  shown  at  Pusa  that  while  P.  papatasii  hibernates  in  the  larval 
stage  during  the  winter,  P.  minutus  breeds  continuously,  although  its  life- cycle 
is  considerably  lengthened ;  also  that  P.  argentipes  is  intermediate  between 
these  two  species  in  this  respect,  for  larvae  hatching  at  the  beginning  of  the 
cold  season  may  develop  quickly  or  slowly.  In  Malta  Phlebotomus  appear  in 
small  numbers  in  May  and  gradually  increase  until  the  end  of  June.  Then, 
during  the  hot  dry  period,  they  decrease,  but  throughout  the  sirocco,  from  the 
end  of  August  to  the  middle  of  November,  they  again  increase  and  become 
more  abundant  than  at  any  other  season. 

The  conditions  necessary  for  favourable  development,  and  the  determining 
factors  in  the  selection  of  breeding-places,  are  :  (1)  presence  of  moisture  in 
moderate  degree,  (2)  complete  absence  of  light,  and  (3)  presence  of  nitrogenous 
organic  matter.  Females  will  not  oviposit  in  dry  situations,  and  both  dryness 
and  excessive  moisture  are  deleterious.  The  actual  sites  chosen  for  breeding 
purposes  are  very  difficult  to  locate.  They  are  frequently  associated  with  bricks, 
rocks,  and  stones,  and  larvae  and  pupae  have  accordingly  been  most  often  dis¬ 
covered  in  dark,  damp  crevices  in  rubble  walls,  embankments,  caves,  ruins,  etc.  ; 
but  latrines,  damp  cellars,  drains,  nests  of  white  ants,  and  moist  algae,  just 
above  the  water  level  in  cisterns,  have  also  been  recorded  as  breeding-places. 
In  certain  circumstances  the  soil  may  afford  suitable  spots  for  development. 
King,  in  parts  of  the  Sudan  liable  to  flooding,  found  Phlebotomus  breeding  in 
the  deep  cracks  formed  as  soon  as  the  drying  out  of  the  soil  commenced.  For 
some  reason  unknown,  the  flies  are  often  very  unequally  distributed  in  infested 
districts  even  although  apparently  suitable  breeding-places  are  everywhere. 

Certain  natural  enemies  of  Phlebotomus  are  known.  In  Malta,  Marett  has 
noted  that  a  chelifer  attacks  the  larvae,  and  that  a  mite,  which  hatches  in  wood¬ 
louse  excreta,  and  a  fungus  ( Empusa  papatasii)  attack  the  adult.  Mackie  in 
India  has  described  a  flagellate  protozoon  from  the  gut  of  the  fly  as  Herpetomonas 
phlebotomi. 
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ASSOCIATION  WITH  DISEASE. 

The  transmission  of  three-day  or  Mediterranean  fever  by  P.  papatasii  has 
been  demonstrated  by  Doerr  and  others.  The  dissemination  of  the  disease- 
producing  virus  by  the  sand-fly  is  not  a  simple  mechanical  act,  as  an  incubation 
period  of  a  week  or  ten  days  in  the  body  of  the  insect  is  necessary  before  it  is 
infective.  Moreover,  to  become  infected  the  fly  must  bite  the  patient  on  the 
first  day  of  illness,  as  it  is  only  on  that  day  that  the  virus  circulates  in  the  peri¬ 
pheral  blood.  Other  species,  especially  those  which  are  more  or  less  closely 
associated  with  man  (e.  g.  P.  perniciosus),  probably  transmit  the  disease,  and  it 
is  quite  possible  that  the  successful  transmission  experiments  have  not  all  been 
performed  with  P.  papatasii.  Further,  Mediterranean  fever  is  widely  distributed 
and  has  been  recognized  in  districts  where  P.  papatasii  is  said  to  be  absent. 
Some  authors  maintain  that  Mediterranean  fever  is  a  form  of  dengue  fever, 
that  Phlebotomus  is  the  original  vector,  and  that  mosquitoes  are  secondary  agents 
transmitting  the  disease  mechanically. 

P.  verrucarum  and  P.  minutus  have  been  associated  respectively  with  the 
spread  of  verruga  in  Peru,  and  Oriental  sore  in  Algeria.  These  species  are  not 
strictly  domestic  and  feed  normally  upon  lizards  which,  it  is  suggested,  are 
probably  the  reservoirs  of  the  diseases.  Townsend  claims  the  successful  experi¬ 
mental  transmission  of  verruga  to  a  monkey  by  the  bites  of  P.  verrucarum ,  and 
to  a  dog  by  injection  of  ‘  Phlebotomus  extract  ’.  The  suggestion  by  Sergent 
and  others,  that  Biskra  sore  is  disseminated  by  P.  minutus,  is  based  on  epidemio¬ 
logical  evidence. 

PROPHYLAXIS. 

The  more  important  measures  proposed  for  the  control  of  these  flies  and 
for  protection  against  their  bites  may  be  classified  as  follows  : 

Protective  measures. 

1.  Screens.  Bed-nets  to  be  of  fine  muslin  or  chiffon,  or  mosquito-nets  to 
be  sprayed  every  evening  with  1  per  cent  solution  of  formalin  ;  doors,  windows, 
and  ventilators  to  be  screened  with  fine  mesh  wire  gauze.  Portable  muslin  nets 
for  covering  exposed  parts  after  nightfall. 

2.  Free  ventilation  and  artificial  air  currents.  Where  possible 
the  employment  of  electric  fans  or  punkahs  which  should  be  directed  against 
open  windows. 

3.  Light.  Admittance  to  rooms  of  as  much  light  as  possible  during  the 
day.  The  use  of  powerful  electric  lamps  (if  practicable)  until  bedtime,  succeeded 
by  the  employment  of  fans  at  the  windows. 

4.  Reduction  of  hiding-places.  Walls  to  be  rendered  as  free  as  possible 
from  hangings,  pictures,  and  other  articles,  and  beds  to  be  kept  in  the  best  lighted 
parts  of  rooms  away  from  the  walls.  Felling  of  trees  in  the  immediate  proximity 
of  houses. 

5.  Repellants.  Of  the  many  deterrents  in  use  the  formulae  of  those 
prescribed  by  Crawford  (a)  and  Howlett  (b)  may  be  given  : 

(a)  01.  Anisi  .  .  .  .  .1  drachm 

01.  Eucalypti  .  .  .  .  1  ,, 

01.  Terebinth.  .  .  .  J  ,, 

Ung.  Acid.  Borac.  .  .  -  .1  ounce 
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( b )  Oil  of  cassia  .  .  .  .1  part 

Brown  oil  of  camphor  .  .  .2  parts 

Vaselin,  salad  oil  or  lanolin  .  .  4-5  parts. 

Newstead  advises  spraying  the  dark  portions  of  rooms  daily  during  the  fly 
season  with  a  1  per  cent  solution  of  formalin.  Tobacco  smoke  is  said  to  be  an 
excellent  repellant. 

6.  Fumigation  of  rooms  with  suitable  insecticides,  e.  g.  pyrethrum. 

7.  Traps.  Box  traps,  lined  with  dark  cloth,  placed  high  up  in  dark  portions 
of  rooms.  These  should  be  examined  daily,  and  the  flies  killed  with  ammonia 
fumes. 

Destruction  of  breeding-places. 

1.  Demolition  of  ruins  and  superfluous  stone  walls  in  bad  repair,  in  the 
neighbourhood  of  towns  and  villages. 

2.  Constant  supervision  of  all  walls  in  the  proximity  of  infested  areas, 
all  holes  and  crevices — even  the  most  minute — to  be  filled  with  cement.  Crannies 
and  fissures  in  rocks  in  the  open  and  in  caves  to  receive  similar  treatment. 
Loose  rubble  walls  to  be  completely  covered  with  a  thick  layer  of  cement. 
Daily  watering  of  crevices  in  and  near  buildings  has  also  been  advocated. 

3.  Removal  of  all  heaps  of  stones,  bricks,  tiles,  etc.,  within  a  radius 
of  100  yards  of  the  nearest  habitations. 

4.  All  rough-made  ground  to  be  cleared  of  weeds,  and  all  holes  disclosed 
filled  with  beaten  earth.  Encouragement  of  gardening.  Cultivation  of  native 
aromatic  plants  on  large  embankments,  which  should  be  kept  well  earthed. 
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FAMILY  CHIRON OMIDiE 

Very  small  to  medium  size  (1-14  mm.),  delicately  built  flies  with  soft  or 
chitinous  mouth  parts,  somewhat  narrow  wings,  and  usually  long  slender  legs. 
Antennae,  consisting  of  six  to  fifteen  segments,  plumose  in  the  male,  pilose  in  the 
female;  eyes  reniform  or  oval  ;  ocelli  absent  ;  palpi  short,  composed  of  two 
to  five  segments.  Thorax  arched,  often  projecting  over  the  head;  scutellum 
and  postscutellum  small.  Abdomen  usually  long  and  slender  consisting  of 
eight  visible  segments  ;  male  hypopygium  small.  Wings  bare  or  hairy,  the 
venation  variable,  the  anterior  veins  thickened.  Costal  vein  terminating  at 
the  extremity  of  the  third  longitudinal  vein,  which  may  be  completely  fused 
with  the  first  vein ;  second  longitudinal  vein  sometimes  present  ;  fourth 
vein  often,  the  fifth  usually,  furcate  ;  sixth  and  seventh  veins  simple,  often 
absent. 

The  members  of  this  family,  the  midges,  are  among  the  most  familiar  Diptera 
and  number  considerably  over  1,000  species.  They  are  very  widely  distributed 
throughout  the  world  and  are  mostly  harmless;  but  some  of  the  smaller  forms 
bite,  and  are  often  very  troublesome  to  man.  Many  of  the  larger  species  greatly 
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resemble  mosquitoes,  both  in  their  structure  and  in  their  habit  of  dancing  in 
swarms  towards  nightfall.  From  these  they  may  be  easily  distinguished  inter 
alia  by  the  shorter  and  non-chitinized  proboscis,  by  the  absence  of  scales  on 
the  wings,  and  by  the  costal  vein  terminating  before  the  apex  of  the  wing. 

The  majority  are  aquatic  in  their  early  stages,  and  larvae  may  be  found  in 
almost  any  permanent  body  of  water  ;  but  some  are  terrestrial  and  develop  in  de¬ 
caying  vegetation  or  beneath  the  bark  of  trees.  The  eggs  are  generally  deposited 
in  strings  or  masses  of  varying  shapes,  and  are  protected  by  a  gelatinous  covering 
which  is  anchored  to  water-plants  or  stones.  The  larva  possesses  a  distinct 
head  and,  as  a  rule,  one  or  two  pseudopods  on  the  first  and  last  segments  of  the 
body.  The  terminal  segment  generally  bears  two  pairs  of  blood-gills  at  its 
extremity,  and  the  penultimate  segment  sometimes  carries  one  or  two  pairs  of 
similar  organs  on  its  ventral  surface.  Many  species  live  entirely  at  the  bottom 
of  the  water,  burrowing  into  the  mud  and  only  coming  to  the  surface  as  pupa? 
just  before  emergence.  Among  these  are  the  conspicuously  red  ‘  blood- worms 
but  many  larvae  are  of  a  greenish  hue  and  are  difficult  to  detect  in  nature.  The 
pupae  are  naked  with  the  wing  cases  often  distinctly  separated  from  the  sides 
of  the  thorax.  The  respiratory  organs  are  situated  on  the  dorsal  surface  of  the 
thorax,  and  are  in  the  form  of  filamentous  gills  or  trumpets.  The  pupae  are 
active,  and  either  swim  freely  or  remain  below  in  the  larval  burrows  until  mature. 

The  Chironomidae  are  divided  into  three  sub-families,  which  may  be  distin¬ 
guished  as  follows  : 

1.  Proboscis  chitinized  and  adapted  for  piercing ;  thorax  rarely 

projecting  over  the  head  .....  Ceratopogonixee  1 

Proboscis  soft,  not  adapted  for  piercing  ;  thorax  projecting  over 

the  head  ...........  2 

2.  Medio-cubital  cross-vein  (uniting  4th  and  5th  longitudinal  veins) 

present ;  antennae  composed  of  fifteen  segments  in  both  sexes  Tanypixae 

3.  Medio-cubital  cross-vein  generally  absent,  or  if  that  vein  is  present 

the  antennae  of  the  female  consist  of  not  more  than  eight 
segments  ........  Chironomin.e 

Sub-family  Ceratopogoninse  Skuse  (1890). 

Synonyms.  Stenoxenidae  Coq.  (1899),  Culicoidinae  Kieff.  (1913). 

The  members  of  this  section  of  the  Chironomidae  are  all  minute  flies,  and 
include  some  of  the  smallest  blood-sucking  insects  known.  They  seldom  measure 
more  than  2-5-3  mm.  in  length,  and  usually  are  less  than  2  mm.  long.  Generally 
of  sombre  colours,  their  legs  are  relatively  short,  and  their  wings,  which  may  be 
bare  or  hairy,  are  often  spotted.  The  antennae  are  filiform  or  moniliform,  and 
consist  of  twelve  to  fifteen  segments.  The  life-histories  of  comparatively  few 
forms  are  known  in  detail,  yet  these  indicate  that,  biologically,  two  distinct 
groups  of  species  are  contained  in  this  sub-family.  In  one  group  the  larvae 
are  bristly,  and  are  provided  with  thoracic  and  anal  pseudopods ;  these  are 
terrestrial  or  semi-terrestrial  in  habit,  and  generally  develop  into  flies  which 
possess  well-formed  empodia  and  distinctly  hairy  wings.  In  the  other  group 
the  larvae  are  slender,  almost  devoid  of  hairs  or  bristles,  and  without  pseudo- 
*  pods  ;  these  are  aquatic,  and  produce  adults  in  which  the  empodia  are  usually 
absent  or  minute,  and  the  wings  glabrous  or  sparsely  clothed  with  hairs.  Many 
of  the  Ceratopogoninae  are  most  persistent  biters  and  cause  much  irritation  to 

1  Malloch  (1917),  after  comparing  all  the  stages  of  this  group  with  the  various  stages  of 
other  Nematocera,  has  separated  it  from  the  Chironomidae  and  given  it  family  rank. 
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man  in  both  hot  and  cold  climates.  Numerous  species  are  known;  but  although 
the  mouth  parts  of  the  females  appear  to  be  equally  well  developed  throughout 
the  sub-family,  the  blood-sucking  habit  seems  to  be  confined  to  the  members 
of  but  few  genera. 

STRUCTURE. 

The  head  is  small  and  somewhat  depressed  in  front  and  is  produced  anteriorly 
into  a  short  clypeus.  The  eyes  are  reniform,  often  separated  above,  and  are 
occasionally  pubescent. 

The  antennae  are  plumose  in  the  males,  pilose  in  the  females,  the  hairs 
arising  in  whorls  ;  they  are  usually  composed  of  fifteen  segments,  the  small 
basal  and  large  second  segments  forming  the  scape,  and  the  remaining  segments 
the  flagellum.  In  both  sexes,  but  especially  in  the  males,  the  last  two  to  five 
segments  are  elongate,  while  the  others  are  shorter,  frequently  spherical  or  ovate. 


Fig.  185.  Culicoides  fulvithorax  Aust.  (C.  ochrothorax  Cart.).  Wing  of  female- 
c.,  costa  ;  r.m.,  radio-medial  cross-vein  ;  1,  3,  4,  5,  longitudinal  veins  (  X  75  circa). 

(After  Carter,  Ann.  Trop.  Med.  and  Parasitol.,  Vol.  XII.) 

The  palpi  are  small  and  consist  of  five  segments  (rarely  three  or  four),  the 
third,  which  is  usually  the  longest,  possessing  a  sensory  organ. 

The  mouth  parts  of  the  females  are  somewhat  similar  to,  but  less  powerful 
than,  those  of  Simulium  (see  p.  383). 

The  venation  of  the  wings  is  generally  of  the  type  shown  in  fig.  185.  The 
third  vein  usually  arises  from  the  first,  with  the  co-existent  portion  of  which 
it  may  be  entirely  or  partially  fused ;  these  veins  usually  enclose  one  or  two 
small  cells  near  the  anterior  margin  of  the  wing.  The  fourth  vein  may  be 
simple,  but  generally  divides  into  two  branches  at,  or  beyond,  the  cross-vein ; 
each  branch,  but  particularly  the  lower  one,  may  be  interrupted  in  its  course 
and  is  not  infrequently  obsolete  at  the  base. 

The  legs  are  stout,  the  hind  pair  rather  longer  than  the  others  ;  they  are 
sometimes  very  hairy  and  may  be  armed  with  spines.  The  fore  and  hind  tibiae 
frequently  bear  spurs  and  one  or  two  rows  of  bristles,  arranged  to  form  combs, 
at  their  distal  extremities.  The  metatarsi  are  of  moderate  length,  those  of  the 
hind  legs  often  being  stouter  and  more  bristly  than  the  others.  The  ungues 
may  be  simple  or  dentate,  and  of  equal  or  unequal  size.  The  empodium  is  well 
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developed  and  as  long  as  the  claws  in  certain  genera  ( Ceratopogon ,  Forcipomyia , 
etc.),  while  in  others  ( Culicoides ,  Leptoconops ,  etc.)  it  is  absent  or  greatly 
reduced. 

LIFE- HISTORY. 

The  life-history  of  Culicoides  kiefferi  has  been  investigated  by  Patton,  and 
is  probably  typical  of  those  forms  with  aquatic  larvae.  This  species  is  abundant 
in  parts  of  India,  where  it  attacks  man  and  cattle. 

The  eggs  are  extremely  small,  ovoid  objects,  and  are  deposited  in  clusters 
on  green  algal  matter  at  the  edges  of  small  pools,  or  where  water  trickles  over 
the  ground. 

After  three  days  the  eggs  hatch,  and  the  larvae  rapidly  burrow  into  the 
vegetable  matter  ;  they  are  slender  and  eel-like,  and  are  able  to  swim  freely. 
The  larva  possesses  a  distinct,  somewhat  hairy,  head  with  mandibulate  mouth- 
parts,  minute  hair-like  antennae,  and  two  reniform  eye-spots.  The  rest  of  the 
body  consists  of  twelve  smooth,  almost  hairless  segments,  the  last  of  which 
carries  four  pairs  of  bifurcate  retractile  gills  ;  the  respiratory  system  is 
closed. 

The  pupa  is  naked,  with  the  wings  and  legs  fused  to  the  thorax,  and  is 
completely  free  of  the  larval  skin.  It  is  devoid  of  bristles,  but  the  abdominal 
segments  are  provided  with  small  lateral  spines  and  dorsal  tubercles  ;  the 
anal  segment  is  armed  with  two  larger  spines  by  means  of  which  the  pupa 
is  said  to  anchor  itself.  The  respiratory  trumpets  are  long  and  narrow.  The 
pupal  stage  lasts  three  days. 

BIONOMICS. 

Adult  habits.  In  warm  weather  biting  midges  are  especially  abundant  and 
annoying  near  water  during  the  early  morning  and  evening.  But  their 
activities  are  not  strictly  confined  to  these  hours,  and  some  will  bite  apparently 
whenever  suitable  opportunities  present  themselves.  Generally,  however, 
they  shelter  among  vegetation  during  the  heat  of  the  day.  They  do  not 
swarm  in  the  characteristic  manner  of  many  of  the  larger  Chironomidae,  but 
some  species  have  occasionally  been  seen  flying  in  large  numbers  near  tree 
trunks.  They  are  attracted  by  artificial  light  and  may  sometimes  be  found  on 
windows  indoors. 

Food.  Possibly  the  females  of  most  of  the  Ceratopogoninae  belonging  to 
genera  which  are  not  known  to  contain  blood-sucking  species,  subsist  largely  on 
the  j  uices  of  other  insects ;  and  it  may  be  that  some  of  the  species  which  do 
suck  blood,  obtain  nourishment  from  similar  sources  when  blood  is  not  avail¬ 
able.  Members  of  the  genus  Culicoides ,  the  females  of  which  are  apparently 
all  phlebotomic,  have  occasionally  been  found  with  their  mouth  parts  deeply 
buried  in  the  bodies  of  Anopheline  mosquitoes. 

Breeding-places.  The  situations  selected  for  breeding  purposes  are  apparently 
very  diverse,  particularly  in  regard  to  the  forms  with  terrestrial  or  semi-aquatic 
larvae.  These  are  perhaps  most  commonly  found  under  the  bark  of  trees,  in 
moist  places  below  objects  lying  on  the  ground,  or  in  faecal  matter,  but  have  also 
been  recorded  from  ants’  nests  and  the  flowing  sap  of  trees.  Species  in  which  the 
immature  stages  are  aquatic  are  not  confined  to  fresh  water.  Lutz  has  taken  the 
larvae  of  Culicoides  in  Brazil  from  crab-holes  and  from  the  salt  water  circulating 
.between  the  roots  of  mangrove  shrubs.  Some  of  these  species,  unlike  those 
infesting  inland  woods,  showed  more  or  less  definite  periodicity,  appearing  in 


378 


ENTOMOLOGY 


large  numbers  a  few  days  before  the  full  and  new  moon.  Aquatic  pupae  generally 
ascend  above  the  water  level  prior  to  the  emergence  of  the  adult,  and  Lutz 
believes  that  the  beginning  of  the  increase  was  connected  with  the  neap  tides 
when  the  pupae  were  deposited  upon  the  more  or  less  dried  mud.  The  larval 
food  apparently  consists  of  almost  any  kind  of  organic  debris ;  matter  of  veget¬ 
able  origin  is  probably  the  main  diet,  but  the  larvae  of  other  small  insects,  both 
living  and  dead,  and  cast  skins  are  also  devoured. 

The  principal  genera  of  the  Ceratopogoninae  may  be  recognized  by  the 
characters  given  in  the  following  table  which  is  taken  chiefly  from  Malloch  : 

1.  Wing  veins  ill-defined;  radio-medial  cross-vein  absent  Leptoconops  Sk. 

Wing  veins  distinct ;  radio-medial  cross-vein  present  .  .  .  .2 

2.  Wings  with  distinct  surface  hairs,  either  upright  and  microscopic  or 

large,  broad,  and  decumbent  .......  3 

Wings  bare  ...........  6 

3.  Thorax  with  a  distinct  slit-like  or  circular  depression  on  each  side 

near  the  anterior  margin  .....  Culicoides  Latr. 
Thorax  without  depressions  ........  4 

4.  Wings  with  distinct  decumbent  hairs  on  entire  surface  .  .  .5 

Wings  with  short  upright  setulose  hairs  which  are  usually  confined 

to  apical  half  ;  empodium  large  ....  Ceratopogon  Mg. 

5.  Hairs  on  wings  rather  sparse,  basal  joint  of  hind  tarsus  twice  the 

length  of  the  second  ;  apical  four  antennal  joints  of  male 
elongated  and,  except  the  last  one,  binodose  .  .  Dasyhelea  Kieff. 

Hairs  on  wings  very  dense  ;  basal  joint  of  hind  tarsus  not,  or  very 
slightly,  longer  than  second  ;  apical  three  to  four  antennal 
joints  of  male  elongated,  not  binodose  .  .  .  Forcipomyia  Mg. 

6.  First  and  third  veins  entirely  separate  ;  at  least  one  pair  of  femora 

with  ventral  spines  ......  Bezzia  Kieff. 

First  and  third  veins  connected  by  a  cross-vein  or  fused  basally  .  .  7 

7.  Femora  (generally  more  than  one  pair)  with  ventral  spines 

Pcdpomyia  Mg. 

Femora  without  ventral  spines  .  .  .  J ohannsenomyia  Mall. 

Genus  Leptoconops  Skuse  (1889). 

Synonyms.  Tersesthes  Towns.  (1893),  Centrotypus  Grassi  (1900),  Mycterotypus 
Noe  (1905). 

Nine  species— some  of  them  very  bloodthirsty  insects — are  at  present  known 
to  belong  to  this  genus.  They  are  all  small,  dark-bodied,  flies  with  whitish  wings 
which  are  devoid  of  long  hairs,  and  possess  ill-defined  veins.  In  the  female  the 
antennas  consist  of  twelve  or  thirteen  segments  and  are  relatively  short  and 
compact  ;  the  last  segment  is  usually  more  or  less  oval,  the  others  spherical. 
In  the  male  the  antennae  are  composed  of  fourteen  segments,  the  last  two 
elongate.  The  ovipositor  in  most  of  the  members  of  this  genus  is  very 
large  and  is  composed  of  two  closely  opposed,  bluntly  rounded,  hairy 
lamellae. 

The  known  species  are  :  L.  albiventris  Mej.,  New  Guinea,  L.  bezzi  Noe, 
Italy,  L.  braziliensis  Lutz,  Brazil,  L.  irritans  Noe,  Italy,  L.  interruptus  End., 
South  Africa,  L.  kerteszi  Kieff.,  Egypt,  L.  laurce  Weiss,  Algeria,  L.  sty  gins  Sk., 
Australia,  and  L.  torrens  Towns.,  Central  America. 

Nothing  is  known  of  the  life-histories  of  these  flies. 
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Genus  Culicoides  Latr.  (1809). 

Synonyms.  Ceratopogon  Mg.  (1803)  (part),  (Ecacta  Poey  (1851),  Hcemato- 
myidium  Gceldi  (1905). 

This  genus  is  one  of  the  largest  and  most  important  in  the  Ceratopogoninae. 
Species  occur  in  all  parts  of  the  world,  and  many  of  them  are  most  bloodthirsty 
and  irritating  insects.  These  flies  are  mostly  dark  greyish  or  brownish  in 
colour  with  spotted  wings.  The  antennae  consist  of  fifteen  segments  with  the 
basal  segments  of  the  flagellum  somewhat  oval  in  shape  ;  the  palpi  are  com¬ 
posed  of  five  segments ;  the  empodia  are  rudimentary  (or  obsolete),  and  the 
wings  are  covered  with  minute  upright  setae  and  numerous,  or  scanty,  hairs. 
The  costal  vein  terminates  near  the  middle  of  the  anterior  border  of  the  wing 
(see  fig.  185).  The  larvae  are  aquatic  and  occur  in  streams  and  tree-holes. 
C.  varius  Wtz.  and  C.  pulicaris  L.,  two  of  the  commonest  European  species, 


Fig.  186.  Culicoides  grcihami  Aust.  Female  ( x  50  circa). 


have  at  times  proved  serious  pests.  The  former  is  slightly  more  than  1  mm.  long 
with  wings  which  are  almost  devoid  of  markings  ;  it  has  been  recorded  from 
•Egypt*  C.  pulicaris,  the  type  of  the  genus,  is  about  2  mm.  in  length  and 
possesses  conspicuously  spotted  wings.  In  Africa,  C.  graharni  Aust.  is  the  best 
known  and  most  widely  distributed  species.  It  much  resembles  C.  varius  and, 
according  to  Austen,  is  probably  the  representative  of  that  species  in  the 
Ethiopian  region.  It  is  a  most  persistent  and  vicious  biter  and  is  particularly 
annoying  on  dull  days.  C.  ( Ecacta )  furens  Poey,  is  notorious  as  the  4  jejen  5 
fly  of  Cuba.  C.  phlebotomus  Will.,  is  said  to  be  the  common  4  sand- fly  ’  of  the 
island  of  St.  Vincent.  C.  varipennis  Coq.  is  a  persistent  biter  in  the  United  States 
and  is  allied  to  C.  pulicaris.  In  South  America,  C.  maruim  Lutz  and  C. 
(Hcematomyidimn)  pcerense  Goeldi  are  very  obnoxious  in  some  districts. 
C.  maruim  breeds  in  mangrove  swamps,  and  Lutz  states  that  it  is  often 
such  a  pest  that  inhabitants  of  the  coastal  region  have  temporarily  to  leave 
the  neighbourhood.  C.  molestus  Skuse  is  the  4  sand- fly  5  of  New  South  Wales, 
where  it  is  common  from  December  to  April. 
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Genus  Ceratopogon  (Mg.)  Mall.  (1915). 

Synonym.  Atrichopogon  Kieff.  (1906). 

Little  is  known  of  the  immature  stages  or  of  the  habits  of  the  adults  of  this 
genus  as  now  restricted.  None  of  the  species  is  known  to  bite.  The  larvae  have 
been  found  on  decaying  wood  in  water  ;  they  possess  pseudopods  and  are  armed 
with  short  simple  bristles. 

Genus  Dasyhelea  Kieff.  (1911). 

Synonym.  Pseudoculicoides  Mall.  (1915). 

This  genus  is  allied  to  Culicoides  from  which  it  is  distinguished  by  the 
absence  of  thoracic  cavities  and  the  structure  of  the  male  antennae.  Few  species 
are  yet  known,  but  two,  D.  cincta  Coq.  and  D.  grisea  Coq.,  have  been  recorded 
as  biting  man.  The  larva  of  one  species  has  been  found  by  Malloch  in  sap 
exuding  from  a  wound  in  a  tree  ;  it  resembled  the  larva  of  Culicoides. 

Genus  Forcipomyia  Mg.  (1803). 

Synonyms.  Labidomyia  Steph.  (1829),  Ceratopogon  Kieff.  (nec  Mg.)  (1917). 

Definite  records  of  the  flies  of  this  genus  biting  man  are  rare,  but  two  Peruvian 
species — F.  utce  Knab  and  F.  townsendi  Knab — are  said  to  do  so  and  to  be  the 
probable  vectors  of  leishmaniasis  in  that  country  ;  also,  Austen  states  that 
the  abdomens  of  specimens  of  the  African  F.  castanea  Wlk.  and  F.  inornatipennis 
Aust.  are  sometimes  distended  apparently  by  coagulated  blood.  The  larvae 
are  terrestrial  or  semi-aquatic  in  habit,  and  are  small  bristly  creatures  provided 
with  thoracic  and  anal  pseudopods.  They  feed  on  cow-dung,  under  the  bark 
of  trees,  in  decaying  vegetation,  and  occasionally  under  debris  at  the  edges  of 
rivers.  Lutz  records  a  species  breeding  in  mud  and  algae  in  salt  water.  The 
larvae  of  F.  ingrami  Cart,  have  been  taken,  in  company  with  the  larvae  of  Aedes 
(Stegomyia)  fasciata,  from  rot-holes  in  trees,  in  West  Africa,  by  Ingram. 
They  are  able  to  swim  freely,  but  apparently  prefer  wandering  about  just  above 
the  water  line.  They  feed  on  any  organic  matter,  but  attack  and  devour  any 
helpless  mosquito  larvae  with  which  they  come  in  contact.  Forcipomyia 
pupae  are  usually  bristly  and  often  have  the  remains  of  the  larval  skin  attached 
to  the  posterior  extremity. 

Genus  Johannsenomyia  Mall.  (1915). 

Synonyms.  Ceratolophus  Kieff.  (1899)  (part),  J ohansenniella  Will.  (1907)  (part). 

There  are  few  definite  records  of  members  of  this  genus  biting  man.  The 
species  are  widely  distributed  although  at  present  few  have  been  recorded  from 
tropical  regions. 

Kieff er  in  1911  proposed  the  genus  ( Stilobezzia )  for  those  species  in  which 
the  fourth  vein  is  petiolate,  i.  e.  in  which  bifurcation  takes  place  beyond 
the  cross-vein. 

The  genera  Bezzia  Kieff.  and  Palpomyia  Mg.  each  contains  numerous 
species  but,  so  far  as  is  known,  none  bites. 

ASSOCIATION  WITH  DISEASE. 

There  is  no  conclusive  evidence  to  show  that  blood-sucking  midges  are 
connected  with  the  transmission  of  disease.  Somewhat  vague  references  have 
been  made  associating  a  Leptoconops  with  pellagra,  and  South  American  blood- 
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sucking  Ceratopogoninae  with  epidermal  leishmaniasis.  Townsend  has  coupled 
Forcipomyia  utce  and  F.  townsendi  with  the  dissemination  of  the  disease  known 
as  4  uta  ’  in  Peru.  Infection  is  said  to  take  place  by  the  Leishmania  responsible 
for  the  disease  being  voided  by  the  fly  while  feeding,  and  ultimately  rubbed  into 
the  bite  by  the  host.  Kinoshita  has  recently  described  a  Korean  species 
(Culicoides  miharai),  the  attacks  of  which,  he  states,  not  only  cause  swelling 
of  the  affected  part,  but  also  give  rise  to  fever,  especially  in  young  children. 

PROPHYLAXIS. 

Our  knowledge  of  the  biology  of  the  Ceratopogoninae  is  too  unsatisfactory 
and  incomplete  to  allow  the  formulation  of  any  general  methods  of  extermina¬ 
tion.  Temporary  protection  from  their  bites  may  be  secured  by  the  adoption 
of  measures  similar  to  those  suggested  for  Phlebotomus. 
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FAMILY  SIMULIID#: 

Small,  robust,  hump-backed  flies  with  short,  stout  legs  and  large,  broad 
wings  ;  proboscis  short,  stout,  and  chitinous  ;  palpi  small,  incurved  ;  eyes  large, 
dichoptic  in  the  female,  holoptic  in  the  male  ;  ocelli  absent  ;  antennae  short 
and  straight,  without  long  hairs. 

The  Simuliidae  variously  known  as  sand-flies,  buffalo-gnats,  black-flies  or 
brulots  are  usually  dark  in  colour  and  seldom  measure  more  than  4  mm.  in 
length.  Over  100  species  are  now  recognized  and  representatives  occur  in 
almost  all  parts  of  the  world. 

Genus  Simulium  Latr.  (1802). 

Synonyms.  Simulia  auct.,  Prosimulium  Roubaud  (1906),  Eusimulium  Roubaud 
(1906),  Melusina  Hendle  (nec  Mg.)  (1908),  Parasimulium  Malloch  (1914). 

Roubaud  divided  the  genus  into  two  sub-genera  Prosimulium  and  Eusimu¬ 
lium  (a  synonym  of  Simulium  sens,  str.)  on  the  characters  of  the  hind  tarsus 
and  the  formation  of  the  cocoons.  Malloch  raised  Prosimulium  to  generic  rank, 
drawing  attention  to  the  existence  of  an  additional  vein  in  the  wings  (cf.  p.  383), 
and  added  a  new  genus  Parasimulium.  The  latter,  according  to  Knab,  is 
erroneously  conceived,  and  as  forms  occur  intermediate  between  Prosimulium 
and  Simulium ,  as  defined  by  Malloch,  the  family  is  here  treated  as  consisting  of 
the  single  genus  Simulium. 

The  Simuliidae  are  essentially  parasites  of  stock  and  often  cause  great  losses 
among  cattle.  Many  species,  however,  are  known  to  attack  man,  causing  him 
much  annoyance,  pain,  and  even  death. 

In  Europe  S.  replans  L.,  S.  morsitans  Edw.,  S.  tuberosum  Lands.,  S.  argyrea- 
tum  Mg.,  S.  equinum  L.  (S.  maculatum),  S.  hirtipes  Fries.,  and  S.  columbaczense 
Schon.,  are  known  to  bite  man.  S.  replans  (?)  is  a  small  black  fly  (2-3  mm.) 
with  fine  golden  hairs  on  the  thorax  and  apical  segments  of  the  abdomen.  The 
tibiae  are  yellow  with  black  tips,  the  middle  and  hind  metatarsi  are  yellowish 
at  the  base,  and  the  claws  are  simple.  The  fore  tarsi  are  greatly  expanded. 
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It  is  often  very  troublesome  and  in  1914  caused  considerable  losses  among 
cattle  in  the  Leine  lowlands,  Hanover.  S.  hirtipes,  a  rather  large  species 
(3-4-5  mm.)  with  an  extra  vein  in  the  wings,  also  occurs  in  the  United  States, 
where  it  is  said  to  be  a  persistent  biter.  S.  columbaczense  is  of  notorious  ill-fame 
and  sometimes  appears  in  vast  swarms  in  the  lower  valley  of  the  Danube, 
whence  fatal  attacks  on  children  and  great  destruction  of  stock  have  been 
recorded. 

S.  indicum  Becher — the  4  potu  ’  or  pipsa  ’  fly — is  widely  distributed  in  the 
mountainous  regions  of  northern  India,  and  also  occurs  in  Assam  where  it 
has  been  accused  of  causing  the  death  of  native  labourers.  It  is  a  small  black 
fly,  about  2-5  mm.  in  length,  with  yellow  hairs  on  the  terminal  segments  of  the 
abdomen  and  the  basal  portions  of  the  femora  and  tibiae  yellowish. 

Several  African  species  are  known.  S.  damnosum  Theo.,  widely  distributed 
throughout  the  equatorial  region,  is  a  terrible  pest  and  a  most  vicious  biter. 
It  is  known  as  the  4  Jinja  fly  ’  and  4  Mbwa  ’  in  Uganda  and  as  the  4  Kilteb  ’ 
in  the  Anglo-Egyptian  Sudan.  In  the  Sudan  it  is  most  abundant  during 


February  and  March  and  attacks  chiefly  the  ankles  and  legs.  The  fly  is  3  mm. 
long  and  of  a  general  black  colour  ;  the  thorax  is  clothed  with  golden  hairs 
and  the  abdomen  with  black  hairs  ;  the  fore  tarsi  are  dilated,  the  hind 
metatarsi  are  ringed  with  yellow,  and  the  claws  are  toothed.  S.  griseicollis 
Beck.,  the  4  Nimitti  ’  of  the  Sudan,  is  often  a  cause  of  serious  annoyance  and 
confines  its  attentions  largely  to  the  face  and  hands.  It  is  a  small  grey  species 
(1-25-2  mm.)  with  yellowish  legs.  S.  wellmanni  Roub.  is  known  as  the 
4  ohomono  5  in  Angola  and  is  said  to  bite  severely.  It  is  a  small  black  species 
with  silvery  white  spots  on  the  sides  of  the  abdomen. 

In  North  America  S.  vittatum  Zett.,  S.  venustum  Say,  S.  jenningsi  Mall., 
S.  meridionale  Riley,  S.  johannseni  Hart,  and  S.  forbesi  Mall.,  are  known  to 
attack  man.  S.  vittatum  (?)  is  black,  2-3  mm.  long,  with  thick  grey  dusting 
and  five  distinct  brown  stripes  on  the  thorax  ;  the  claws  are  simple.  It  is 
widely  distributed  and  is  found  from  Alaska  to  Mexico  and  Brazil.  S.  venu¬ 
stum ,  the  4  black  fly  is  a  very  common  species  and  is  found  from  Canada  to 
Brazil.  The  female  is  2-2-5  mm.  long  with  faint,  white  dusting  on  the  thorax. 
The  legs  are  yellow  and  black  ;  the  tibiae  silvery- white  dorsally  and  the  claws 
simple.  It  usually  attacks  the  face  and  may  cause  extensive  inflammation 
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and  oedema  if  the  bites  are  numerous.  S.  meridionale  Riley  is  very  destructive 
to  poultry  in  some  parts  of  the  United  States  and,  under  the  name  S.  occidental 
Towns.,  has  been  refcorded  as  a  terrible  pest  in  New  Mexico.  It  somewhat 
resembles  S.  vittatum  but  has  only  three  thoracic  stripes  and  the  claws  are 
prolonged  at  their  bases. 

A  number  of  species  from  Central  and  South  America  have  been  described, 
some  of  the  known  biters  being  S.  amazonicum  Goeldi  (Brazil),  S.  quaclrivittatum 
Loew  (Cuba,  Panama),  S.  sanguineum  Knab  (Columbia)  and  S.  hcematopotum 
Mall.  (Mexico,  Cuba).  S.  amazonicum ,  the  4  pium  ’  or  4  barrachudo ’,  is  a  small 
dark  species  (2  mm.)  with  pearly  stripes  on  the  thorax,  and  black  and  yellow 
legs.  It  is  an  eager  blood-sucker  and  frequently  attacks  people  travelling  by 
water. 

STRUCTURE. 

The  head  is  relatively  small  and  hemispherical  in  shape.  The  eyes  of  the 
male  are  very  large  and  meet  above  in  the  middle  line  (holoptic),  and  the  facets 
composing  them  are  larger  on  the  upper  portion  than  on  the  lower.  In  the 
female  the  eyes  are  separate  above  (dichoptic),  leaving  a  distinct  frontal  stripe. 

The  antennae  are  scarcely  longer  than  the  head  and  consist  of  eleven 
short,  broad,  closely  apposed  segments.  The  terminal  segment  is  pointed  and 
in  the  female  is  the  longest,  but  in  the  male  the  third  segment  is  elongate  and 
usually  exceeds  the  last  in  length. 

The  proboscis  is  directed  downwards  and  in  the  female  forms  a  powerful 
piercing  instrument.  The  labium  is  somewhat  fleshy  and  hairy  with  well- 
developed  labellse.  The  mandibles  are  broad  distally  and  are  usually  serrated 
on  both  sides  at  the  tip,  but  may  be  toothed  on  the  inner  edges  only  (cf.  fig.  188.) 
The  maxillae  are  narrower  and  more  acutely  pointed  than  the  mandibles, 
and  distally  are  armed  on  both  sides  with  large,  coarse  teeth.  The  labrum  is 
broad  with  a  membranous  apex  which  is  armed  with  two  recurved,  tridentate 
hooks  ;  it  is  connected  proximally  with  the  hypopharynx,  the  distal  extremity 
of  which  is  rounded  and  divided  into  numerous  processes  forming  a  fringe. 
The  mouth  parts  of  the  male  are  not  adapted  for  piercing,  the  mandibles  and 
maxilla?  being  somewhat  reduced  and  bearing  hairs  instead  of  teeth. 

The  palpi  are  composed  of  five  segments,  the  first  two  very  small  and  the 
fifth  long  and  slender  ;  the  last  two  segments  are  annulated  and  the  third 
possesses  a  sensory  vesicle. 

The  thorax  is  large  and  broad,  the  scutum  being  greatly  developed  and 
strongly  arched. 

The  abdomen  consists  of  nine  segments ;  the  tergite  of  the  first  segment 
is  reduced  to  a  small,  hairy,  scale-like  structure,  the  4  abdominal  scale  ’,  situated 
at  the  base  of  the  abdomen  ;  in  the  male  the  hypopygium  is  external  but 
inconspicuous. 

The  venation  of  the  wings  is  simple,  and  the  anterior  veins — costa,  sub-costa, 
first  and  third  longitudinal  veins  (the  second  vein  is  absent) — are  thickened 
and  usually  more  or  less  spiny.  The  costa  terminates  shortly  before  the  apex 
of  the  wing  and  the  third  vein  sometimes  gives  off  an  upper  branch  ( Pro - 
aimulium).  The  remaining  veins  are  poorly  developed  and  very  faint.  The 
.  fourth  vein  bifurcates  just  beyond  the  small  cross-vein  which  connects  it  with 
the  third  vein  ;  the  fifth  vein  appears  as  two  distinct  veins,  connexion  taking 
place  at  the  wing  base  ;  the  sixth  and  seventh  veins  are  simple.  Between  the 
lower  branch  of  the  fourth  vein  and  the  upper  portion  of  the  fifth  vein  is 
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a  conspicuous  bifurcated  fold  in  the  wing  membrane  (cf.  fig.  187)  ;  this  fold  is 
apt  to  be  mistaken  for  one  of  the  longitudinal  veins. 

The  legs  are  short  and  thick.  The  tarsi  of  the  fore  and  hind  legs  are 
usually  broad  ;  the  metatarsi  are  much  elongated,  the  second  segment  is  often 
deeply  notched  at  the  base,  the  fourth  segment  possesses  pulvilliform  margins 
and  the  fifth  segment  is  narrow  and  cylindrical.  The  male  claws  are  trifid  ; 
the  female  claws  are  simple,  bifid,  or  provided  with  a  sub-basal  tooth. 

INTERNAL  ANATOMY. 

The  alimentary  tract  is  of  simple  form  and  resembles  that  of  Phlebotomus . 
The  crop  is  smaller  and  the  four  Malpighian  tubules  arise  in  pairs  from  a  shorter 
common  stem  on  each  side.  The  mid-gut  is  large  and  capable  of  much  distension. 
The  ileum  is  elongate  and  narrows  distally  into  a  short  colon.  The  rectum  is 
sac-like  and  contains  six  conical  papillae. 

The  salivary  glands  are  situated  just  inside  the  thorax  and  lie  close  to  the 
wall  on  each  side  ;  they  are  unilobate  and  each  consists  of  an  upper  glandular 
portion  and  a  lower  sac-like  portion. 

The  ovaries,  in  females  ready  to  oviposit,  occupy  the  greater  part  of  the 
abdominal  cavity.  The  oviduct  from  each  opens  into  the  vagina  above  the 
lower  end  of  the  rectum ;  the  vagina  opens  exteriorly  on  the  ventral  surface  near 
the  apex  of  the  abdomen.  A  single  spherical  spermatheca  and  two  accessory 
glands  are  connected  by  ducts  to  the  distal  end  of  the  vagina. 

LIFE-HISTORY. 

The  early  stages  are  aquatic.  The  eggs  are  yellowish  at  first,  later  becoming 
almost  black,  and  are  more  or  less  triangular  in  shape.  They  are  laid  in  com¬ 
pact  oblong  masses  of  from  300  to  500  eggs,  which  are  evenly  distributed  in 
a  gelatinous  matrix.  Many  females  may  oviposit  on  almost  the  same  spot, 
causing  the  egg  masses  to  appear  of  enormous  size. 

In  from  one  to  two  weeks,  in  summer,  the  larva  emerges  and  immediately 
attaches  itself  to  the  nearest  support  by  means  of  a  silken  thread.  When  mature 
the  larvae  vary,  according  to  the  species,  in  length  from  3-5  to  15  mm.,  and  in 
colour  from  creamy-white  to  dark  brown  or  black.  They  are  cylindrical  with  the 
posterior  extremity  distinctly  swollen.  The  body  consists  of  twelve  indistinctly 
separated  segments  not  including  the  head,  which  is  rectangular  in  shape  and 
strongly  chitinized.  On  each  side  of  the  head  are  two  irregular  dark  eye  spots, 
and  in  front  are  two  conspicuous  fan-like  organs  each  consisting  of  a  stout  articu¬ 
lated  stalk  and  a  large  number  (30-60)  of  long  curved  rays.  When  expanded,  the 
fans  act  as  strainers  and  hold  up  the  micro-organic  food  which  is  subsequently 
swept  into  the  mouth.  Immediately  below  the  base  of  the  fans  are  the  bristle¬ 
like,  three-  or  four-segmented,  antennse.  The  mouth  parts  consist  of  a  short, 
rounded,  hairy  labrum,  a  pair  of  horny  dentate  mandibles  which  move  hori¬ 
zontally  and  close  over  the  mouth  opening,  a  pair  of  maxillae,  each  with  a 
short  stout  palpus  situated  below  the  mandibles,  and  an  immovable  more 
or  less  triangular  chitinous  labium.  Two  suckers  are  present  on  the  body  of  the 
larva.  The  first  thoracic  segment  bears  on  its  ventral  surface  an  elongate 
sucker-foot  armed  at  the  apex  with  rows  of  small  hooks,  and  at  the  anal  extremity 
is  a  powerful  sucking  disk  with  concentric  rows  of  marginal  hooks.  On  the 
dorsal  surface  of  the  last  segment  is  a  slit-like  aperture  through  which  the 
rectal  gills  are  protruded.  These  gills  are  extensions  of  the  rectal  wall  and 
contain  blood  and  tracheolse  ;  they  vary  in  size  and  form  in  different  species, 
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but  consist  of  three  branches  which  themselves  may  be  simple  or  lobed.  Func¬ 
tional  spiracles  are  absent  in  the  larva,  but  small  oval  thickenings  of  the  cuticle 
occur  along  the  sides  of  the  body  and  are  connected  to  the  respiratory  system 
by  minute  chitinous  threads.  The  salivary  glands  secrete  silk  and  are  very 
large,  each  extending  the  whole  length  of  the  body  and  then  bending  forward 
for  one- third  its  length. 

Though  aquatic  in  habit  the  larvae  are  very  poor  swimmers  and  but  for  their 
wonderful  silk-spinning  capabilities  would,  despite  their  powerful  sucking 
organs,  often  be  overwhelmed  by  the  swift  currents  in  which  they  usually  live. 
They  are  gregarious  animals  (S.  brcicteatum  is  said  to  be  solitary  in  habit)  and 


Fig.  188.  Mouth  parts  of  female  Simulium 
dcimnosum  Theo.  L.,  labium  ;  Lr.,  labrum  ; 
H.,  hypopharynx  ;  Md.,  mandible  ;  Mx., 
maxilla;  P.,  maxillary  palpus.  (85  X  circa.) 


Fig.  189.  Larva  of  Simulium 
ornatum  Mg.  (After  Newstead. 
Ann.  Trop.  Med.  and  Parasitol., 
Vol.  I.) 


may  occur  in  such  vast  numbers  that  almost  every  suitable  object  within  sight 
appears  crowded  with  them.  They  ordinarily  assume  an  almost  vertical  posi¬ 
tion  and  maintain  a  firm  hold  upon  their  object  of  attachment  by  means  of  the 
anal  sucker.  They  creep  about,  particularly  when  young,  spinning  silken 
threads  in  all  directions  on  their  supports,  and  in  a  comparatively  short  time 
the  colony  is  surrounded  by  a  web  which  enables  them  to  withstand  the  cur¬ 
rent.  If  disturbed,  the  larvae  allow  themselves  to  be  carried  downstream, 
spinning  threads  as  they  go,  until  anchorage  can  be  re-established.  Sometimes 
•they  will  return  along  the  threads  and  almost  regain  their  former  positions, 
but  frequently  they  are  unable  to  advance  against  the  current.  Locomotion 
takes  place  by  a  series  of  body  loops,  the  anal  sucker  being  brought  forward 
to  the  thoracic  sucker-foot,  which  is  released  and  advanced  on  the  former 
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again  obtaining  a  firm  hold.  The  duration  of  the  larval  stage  varies 
according  to  the  species,  temperature,  and  food-supply.  In  warm  weather  it 
lasts  about  one  month  in  temperate  regions,  and  probably  rather  less  in  the 
tropics  and  sub-tropics.  Jobbins-Pomeroy  states  that  in  South  Carolina  the 
larval  stage  averages  17  days.  Cold  weather  retards  development  and  some 
species  (S.  vittatum  and  S.  reptans)  hibernate  in  this  stage. 

Shortly  before  pupation  the  larva  spins  a  cocoon  around  itself.  The 
cocoons  are  open  at  the  top  and  vary  in  shape,  texture,  and  arrangement.  They 
may  be  pocket-shaped  or  boot-shaped,  finely  spun  and  somewhat  leathery,  or 
coarsely  spun  with  large  meshes  ;  they  may  be  closely  grouped  and  overlapping, 
or  well  separated  ;  S.  hirtipes  makes  no  real  cocoons,  the  larvae  pupating 
beneath  a  mass  of  threads  made  by  numerous  individuals. 

The  pupa  is  obtectate,  light-brown  in  colour,  and  provided  with  a  pair  of 
large  branched  gills  on  the  back  of  the  thorax.  The  gills,  each  of  which  con¬ 
sists  of  a  number  of  chitinous  tubes  (2-30)  arising  from  a  short  trunk,  generally 
extend  considerably  beyond  the  open  end  of  the  cocoon.  The  abdomen  is 
armed  with  smafi  hocks  which  help  to  retain  the  pupa  in  its  cocoon,  and  also 
enable  the  adult  to  exert  pressure  from  below  and  rupture  the  pupal  case  when 
emerging.  Shortly  before  eclosion  the  pupal  case  becomes  inflated  with  air, 
and  on  emerging  the  imago  floats  to  the  surface  in  a  bubble.  It  grips  the 
first  available  object  in  its  carriage  downstream,  and  shortly  afterwards  takes 
to  flight.  The  duration  of  the  pupal  stage  may  be  from  a  few  days  to 
2-3  weeks  or  longer  if  the  temperature  is  low. 

BIONOMICS. 

Adult  habits.  Simuliidre  often  appear  in  large  numbers  during  spring  and 
autumn.  They  generally  abound  and  sometimes  occur  in  enormous  swarms  in 
river  valleys  and  in  the  neighbourhood  of  forest  and  mountain  streams.  They 
may  be  found,  however,  at  considerable  distance  from  water,  their  dispersion 
being  due  to  the  prevailing  winds  or  possibly,  in  smaller  degree,  to  voluntary 
migration  in  search  of  food.  Lutz  states  that  the  adults  of  S.  amazonicum  are 
capable  of  travelling  long  distances,  and  Jobbins-Pomeroy  was  severely  bitten 
in  Illinois  by  females  of  S.  johannseni  and  S.  forbesi  at  a  distance  of  5-6  miles 
from  the  nearest  possible  breeding-place.  In  the  latter  case  the  flies  crossed 
a  bare  and  sandy  waste  with  little  or  no  wind  and,  as  no  males  were  present, 
their  flight  would  seem  to  have  been  voluntary.  Adult  Simuliids  are  diurnal 
in  habit,  and  may  often  be  seen  on  the  wing  throughout  the  day.  They  are 
usually  most  active  during  the  hours  of  sunset  and  sunrise.  The  males  are 
inoffensive  and  remain  in  the  vicinity  of  the  breeding-places,  but  the  females 
are  among  the  most  dreaded  of  blood-sucking  insects.  Some  are  apparently 
less  harmful  than  others  and  S.  ornatum  and  S.  latipes — two  of  the  commonest 
European  species — have  never  been  accused  of  biting,  although  their  mouth- 
parts  are  fully  developed.  The  flies  attack  the  exposed  parts  of  the  body,  the 
face  and  hands  of  man,  or  the  comparatively  hairless  parts  of  other  animals,  and 
show  peculiar  fondness  for  the  insides  of  the  ears.  Engorgement  with  blood 
appears  to  be  essential  for  the  successful  development  of  the  eggs  of  some 
species. 

Oviposition  and  breeding-places.  Egg-laying  usually  takes  place  towards 
evening  in  fine  weather  when  there  is  little  or  no  wind.  The  eggs  are  deposited 
either  near  the  surface  of  the  water  in  positions  where  they  will  be  continu¬ 
ally  moistened,  or  on  submerged  rocks,  stones,  water-plants,  etc.  Yet  it  not 
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infrequently  happens  that  owing  to  the  water-level  being  lowered  vast  numbers 
of  egg-masses  are  left  stranded  and  are  destroyed.  The  gravid  females  of  some 
species  ( S .  equinum )  are  said  actually  to  enter  the  water  in  order  to  oviposit, 
and  Newstead  has  observed  S.  ornatum  in  still  water  completely  immersed  and 
carrying  a  large  air  bubble  between  its  wings,  which  were  folded  round  the 
abdomen  and  tapered  to  a  point  behind.  The  situations  often  selected  for  ovi- 
position  are  such  that  the  larvae  will  develop  in  water  aerated  to  a  high  degree. 
The  larvae  are  thus  found  on  the  surface  of  rocks  in  rapids  or  in  places  where 
obstructions,  such  as  fallen  logs,  cause  small  cascades.  But  variation  occurs  in 
regard  to  the  choice  of  a  breeding-place  in  its  relation  to  the  rapidity  of  the 
current.  Some  species  show  preference  for  the  larger  streams  and  rivers  where 
the  current  is  exceedingly  swift,  others  are  restricted  to  the  smaller  streams 
with  less  force  of  current,  and  occasionally  larvae  have  been  found  in  compara¬ 
tively  slow-running  streams.  Hunter  (1913)  states  that  the  immature  forms 
of  S.  vittatum  occur  wherever  there  is  trickling  water  and  that  they  are  not 
confined  to  clear  water  or  rural  districts.  Purity  of  the  water  seems  of  less 
importance  than  the  velocity  of  the  current  in  the  economy  of  the  larvae,  as  they 
have  been  known  to  thrive  in  water  contaminated  by  sewage.  Exposure  of 
pupae  to  the  air  by  the  lowering  of  the  water-level  does  not  necessarily  prevent 
completion  of  the  life-cycle  ;  adults  will  emerge  from  pupae  which  have  been 
stranded  for  24  hours. 

Breeding  is  usually  continuous  throughout  the  favourable  season,  although 
two  or  more  principal  broods  are  generally  evident ;  the  number  of  generations 
varies  with  the  species  and  the  latitude. 

ASSOCIATION  WITH  DISEASE. 

The  Simuliidae  have  been  associated  tentatively  from  time  to  time  with  the 
transmission  of  various  diseases  of  man  and  animals.  Suggestions  that  they 
may  propagate,  or  aid  in  the  propagation  of,  leprosy,  anthrax,  and  cholera  in 
chickens  and  hogs  have  been  made,  but  incriminating  evidence  is  wanting, 
and  their  connexion  with  these  diseases  remains  purely  hypothetical.  More 
recently  they  have  been  mentioned  as  the  possible  vectors  of  epidermal  leish¬ 
maniasis  in  South  America,  but  Brumpt  and  Pedroso  state  that  they  cannot 
be  incriminated  as  their  distribution  is  too  general  compared  with  the  definite 
localization  of  the  disease.  In  1910  Sambon  advanced  the  theory  that  flies 
of  this  family  were  probably  responsible  for  the  spread  of  pellagra,  and  it  is 
with  this  disease  that  the  Simuliidae  have  been  particularly  associated.  A  dis¬ 
cussion  of  the  relationships  of  Simulium  and  pellagra  will  be  found  in  a  later 
chapter.  (Chap.  91.) 

PROPHYLAXIS. 

At  present  there  is  no  really  practical  method  of  combating  these  flies,  the 
nature  of  their  breeding-places  being  such  that  suitable  control  measures  are 
in  most  cases  difficult  to  devise.  The  introduction  of  toxic  substances  into 
the  water  is  wholly  impracticable,  owing  to  the  danger  to  man  and  stock. 
Much  good  may  be  done,  however,  by  keeping  streams  as  free  as  possible 
from  vegetation  and  debris,  as  with  some  species  at  least  the  opportunities  for 
eviposition  are  thereby  lessened.  Damming  streams  where  the  larvae  are  very 
numerous  has  been  recommended,  and  in  America  the  use  of  heavy  oils  in 
streams  has  met  with  some  success.  Possibly  some  hope  of  successful  control 
lies  in  the  exploitation  of  the  natural  enemies  of  the  larvae.  Strickland  found 
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larvte  in  streams  near  Boston,  U.S.A.,  heavily  infected  with  various  protozoa 
and  a  species  of  Mermis.  These  parasites  caused  considerable  mortality  among 
the  larvae  and  may,  the  author  thinks,  prove  of  economic  value  in  the  future. 
The  burning  of  smudge  fires  in  pastures,  the  use  of  ear  and  other  coverings,  and 
the  application  of  oily  repellants  have  long  been  practised  for  the  protection  of 
stock. 
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MOSQUITO  CONTROL 
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The  control  of  mosquitoes  is  required  for  several  reasons.  In  the  first 
place  they  have  been  proved  to  transmit  certain  diseases.  These  diseases  are 
malaria,  vellow  fever,  and  filariasis.  Dengue  fever  is  usually  included  in  the 
list  and  sometimes  leishmaniasis.  Secondly  many  mosquitoes,  which  breed 
in  cesspools  and  other  foul  collections  of  v*ater,  infest  houses  and  keep  up 
a  direct  communication  between  each  inhabitant  and  these  pools  of  pollution. 
Even  if  such  insects  carry  no  germs  with  them,  their  presence  is  revolting. 
Finally,  they  render  the  use  of  a  mosquito-net  necessary  in  climates  Avhere  the 
nights  are  hot  enough  already. 


MALARIA. 

Probably  no  single  disease  of  tropical  lands  takes  from  the  inhabitants  so 
large  a  toll  in  life,  or  is  responsible  directly  and  indirectly  for  so  much  sickness, 
as  malaria ;  therefore.  I  propose  to  discuss  first  of  all  the  control  of  the  AnoplieJes, 
the  group  of  mosquitoes  which  convey  this  disease.  When  a  beginning  in 
Mosquito  Control  is  to  be  made  it  is  probably  best  to  start  with  malaria  control, 
if  that  disease  be  present.  Malaria  is  a  severe  economic  handicap  to  the 
community ;  its  eradication  is  of  high  value.  Anopheles  breeding-places  are 
generally  well  defined,  permanent,  and  easily  recorded  on  a  map.  They  can 
be  abolished  at  once  by  aj^propriate  measures.  So  within  a  comparatively 
short  time,  and  often  at  a  comparatively  insignificant  cost,  a  great  improvement 
in  the  public  health  is  effected.  In  carrying  out  this  v~ork  many  other  species 
of  mosquitoes  are  also  destroyed.  It  can  be  performed  without  the  assistance 
or  co-operation  of  the  public,  being  essentially  a  specially  designed  land 


MOSQUITO  CONTROL 


drainage  carried  out  by  engineers,  or  some  other  measure  in  the  hands  of 
a  special  staff.  The  organization  required  is  much  simpler  than  that  necessary 
for  a  general  campaign  against  all  mosquitoes. 

Organization.  Before  any  work  is  begun,  measurement  of  the  existing 
malaria  should  be  made.  I  prefer  this  expressed  as  Spleen  Rate,  because  that 
rate  is  easily  ascertained,  the  errors  easily  corrected,  and  it  is  of  extraordinary 
delicacy.  The  Parasite  Bate  involves  so  much  work  that  it  becomes  impracti¬ 
cable  when  large  populations  are  under  observation,  nor  does  it  present  any 
great  advantage  over  the  Spleen  Bate.  In  some  circumstances  the  malaria 
admissions  to  hospital  may  be  a  valuable  figure,  perhaps  the  only  one  obtainable. 
The  general  and  malaria  death-rates  of  the  whole  community  are  also  figures 
to  be  recorded.  A  reported  successful  anti-malaria  campaign  which  does  not 
show  a  simultaneous  decrease  in  the  non-malaria  death-rates  requires  explana¬ 
tion.  This  measurement  of  the  malaria,  kept  constantly  up  to  date,  is  necessary 
in  order  to  ascertain  from  time  to  time  what  progress  is  being  made  in  the 
control  of  the  disease.  It  is  as  necessary  as  book-keeping  in  business.  Of  no 
less  value  will  it  be  in  teaching  the  medical  officer  how  essentially  local  malaria 
is.  He  cannot  but  be  struck  by  the  variations  in  the  malaria  rates  in  even 
comparatively  small  areas  :  the  distance  between  the  best  and  the  worst, 
between  a  spleen  rate  of  zero,  and  one  of  100,  often  being  no  more  than  half 
a  mile.  It  will  lead  him  to  make  a  chart  of  the  breeding- places  of  the  various 
species  of  Anopheles ,  and  compare  it  with  his  malaria  chart.  If  he  does  not 
already  know  the  species  carrying  the  disease,  his  observations  will  almost 
certainly  give  him  a  clue,  and  a  few  dissections  of  insects  taken  from  houses 
with  high  spleen  rates,  and  especially  from  those  in  which  cases  of  ‘  fever  ’ 
exist,  will  soon  give  him  definite  knowledge.  His  investigations  may  lead  to 
interesting  and  important  discoveries  in  view  of  his  proposed  work  :  for  malaria 
exists  in  some  places  or  is  absent  from  others  in  a  curious  way  ;  to  be  explained 
only  by  knowledge  of  the  local  Anojjheles.  It  may  be  present  in  some  jungles 
and  absent  from  others  ;  present  in  some  open  land,  absent  from  other.  Even 
more  curious  is  its  absence  from  some  swamps,  and  presence  in  others  ;  and 
yet  again  that  hill  land  in  some  countries  is  more  dangerous  than  Hat  land, 
which  is  the  contrary  to  what  is  found  in  other  countries  and  most  text- books. 
I  cannot  too  strongly  emphasize  a  study  of  the  places  where  malaria  is  absent 
or  the  rates  are  low.  By  the  study  of  such  places  the  medical  officer  will  learn 
the  local  standards  at  which  he  must  aim.  It  is  not  unimportant  that  any  one 
about  to  undertake  this  work  should  realize  clearly  the  conditions  favouring 
the  existence  of  malaria,  which  he  must  abolish,  and  should,  from  a  study  of 
the  healthy  areas  in  his  district,  have  an  equally  clear  idea  of  the  conditions 
which  he  proposes  to  reproduce  in  order  to  establish  health.  The  latter 
conditions  are  likely  to  be  seen  to  be  more  within  the  reach  of  attainment  than 
he  imagined  before  he  began  his  investigations  ;  which  will  go  far  towards 
sustaining  him  during  the  progress  of  the  work.  He  can  take  it  as  proved  that 
he  will  get  the  desired  result  if  he  perseveres  ;  that  results  will  bear  a  definite 
relationship  to  the  quality  and  quantity  of  his  work  ;  and  that,  if  his  work  is 
good,  its  value  will  soon  be  recognized  by  the  provision  of  money  to  extend  it 
to  other  areas. 

It  will  also  be  the  duty  of  the  medical  officer  to  keep  the  records  of  his 
department.  These  include  the  inspections  and  work  done  under  such 
headings  as  (a)  antimosquito  work  on  larva?  and  adults  of  Anopheles,  Culex , 
and  Stegomyia — routine  and  new  work  on  breeding-places,  fumigations,  length 
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of  ditches  cleaned,  oiled,  etc.,  containers  containing  larvae,  amount  of  oil  and 
larvacide  used,  (b)  statistics  of  mosquito-borne  diseases. 

I  have  dealt  at  some  length  with  the  education  of  the  medical  officer. 
Under  him,  and  hardly  less  important,  are  those  who  carry  out  the  work.  In 
general,  land  and  swamps  have  to  be  drained,  so  an  engineer  or  other  person 
acquainted  with  drainage  will  be  employed,  as  well  as  a  labour  force  to  do  the 
manual  work.  The  minimum  area  may  be  taken  as  a  circle  with  a  half-mile 
radius  (very  roughly  a  square  mile  which  may  be  regarded  as  the  malaria 
land  unit)  ;  for  to  protect  a  group  of  persons  at  the  centre  it  is  necessary  to 
eliminate  the  harmful  Anopheles  within  the  circle.  Half  a  mile  is  not  the  length 
of  the  flight  of  the  insect,  but  its  range  in  maintaining  endemic  malaria.  The 
amount  of  work  to  be  done  in  the  first  instance,  and  later  on  the  upkeep,  will 
vary  greatly  in  different  areas,  and  so  will  the  necessary  staff ;  and  it  becomes 
less  as  it  attains  stability.  While  we  may  conveniently  regard  the  unit  as 
a  square  or  circle,  in  areas  where  there  is  a  prevailing  wind,  the  area  may 
become  oval  having  to  be  extended  leewards  where  it  is  found  that  mosquitoes 
tend  to  fly  in  special  numbers  into  the  area  against  the  wind. 

Physiographical.  While  it  is  true  that  Anopheles  may  be  found  in  almost 
every  quality  and  in  every  kind  of  collection  of  water,  those  species  most 
intimately  associated  with  malaria  transmission  breed  in  ground  water.  It 
has  been  found,  too,  that  just  as  the  flora  and  fauna  of  countries  are  distributed 
in  more  or  less  well-defined  zones,  so  malaria  exhibits  a  somewhat  similar 
phenomenon,  dependant  on  the  zonal  distribution  of  Anopheles .  Nor  is  this 
merely  of  academic  interest.  It  permits  of  the  study  of  malaria  in  relation  to 
zones  of  land  and  has  already  proved  of  practical  importance.  The  zones  may 
be  described  briefly  as  follows  : 

1.  Tidal  Land,  being  below  high  tide  level. 

2.  Flat  Coastal  Land,  being  alluvial  land  just  above  high  tide  level. 

3.  Coastal  Hills,  being  the  first  ranges  of  hills  beyond  the  Coastal  Flat  Land. 

4.  Inland  Plains  and  Plateaux. 

5.  Inland  Hills. 

In  some  countries  all  these  zones  may  not  exist,  and  the  Anopheles  of  the 
different  continents  and  even  of  different  portions  of  the  same  continent  are 
of  different  species  :  nevertheless  the  malaria  of  most  countries  may  be  con¬ 
veniently  studied  in  its  relationship  to  one  or  more  of  these  land  zones. 

6.  In  addition  to  these  groups  malaria  may,  from  a  practical  point  of  view,  be 
studied  more  particularly  in  connexion  with  Rivers,  Lakes,  Lagoons, and  Wells. 

7.  The  malaria  of  Rice  Fields  and  Irrigation  Areas  may  also  be  studied 
separately,  since  these  depend  on  the  artificial  control  of  water  to  a  greater 
or  less  degree. 

Tidal  land  in  the  tropics  is  covered  in  many  places,  especially  near  to  the 
mouths  of  rivers,  with  a  Mangrove  Forest,  which  has  popularly  earned  for 
itself  an  evil  reputation.  This  land  may  be  divided  into  two  parts — the  one 
covered  by  every  tide,  and  the  other  covered  only  by  spring  tides.  The  former, 
when  in  a  state  of  natural  forest,  is  free  from  breeding-places,  at  least  in  many 
parts  of  Asia.  When,  however,  the  forest  is  felled,  and  heavy  shade  removed, 
certain  species  of  Anopheles ,  for  example  A.  ludlowi  (Plate  X)  in  parts  of 
tropical  Asia,  appear  in  any  brackish  pools  not  flushed  by  every  tide  and  lead 
to  the  intense  malaria  associated  with  these  mangrove  swamps.  In  the 
portion  of  the  mangrove  covered  only  by  spring  tides  several  species  of  the 
Anopheles  from  the  Coastal  Flat  Zone  penetrate  and  breed  when  the  forest  is 
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felled.  In  Malaya  the  most  important  is  A.  umbrosus  which  occurs  in  this 
mangrove  zone  both  before  and  after  the  forest  is  felled.  These,  in  con¬ 
junction  with  A.  ludlowi,  also  produce  intense  malaria.  In  tropical  America, 
A.  albimanus  (Plate  XV)  breeds  in  the  brackish  water  of  this  zone.  Generally 
speaking  the  larvae  of  these  Anopheles  are  found  in  pools,  ponds,  and  obstructed 
ditches  in  which  there  are  sticks,  weeds,  and  roots,  to  provide  cover  and  food. 
They  are  not  found  in  drains  (including  earth  drains  with  sides  free  from  grass) 
in  which  there  is  a  current,  even  if  it  be  only  a  feeble  current  at  times.  It  is, 
therefore,  not  surprising  that  drainage  completely  eliminates  these  pool-breeding 
Anopheles  and  their  malaria.  When  drained,  this  land  is  of  high  agricultural 
value  ;  and  many  thousands  of  acres  have  been  put  under  rice,  coco-nut,  sugar¬ 
cane,  and  rubber.  The  clean  drainage  and  cultivation  of  this  land  generally 
required  for  the  production  of  the  crop  is  all  that  is  required  for  the  elimination 
of  the  malaria,  and  the  only  precaution  necessary  is  to  house  the  population 
within  the  cultivated  area  at  least  half  a  mile  from  any  undrained  and 
unopened  land.  This  is  one  of  the  striking  instances  in  which  agriculture  is 
of  value  in  the  reduction  of  malaria. 

It  has  already  been  said  that  nothing  more  than  an  earth  drainage  system 
is  required.  There  is  no  necessity  for  expenditure  on  brick,  concrete,  or  glazed 
inverts  to  the  drains.  Since  the  land  is  below  the  level  of  the  tides  it  must  be 
protected,  however,  by  a  system  of  embankments  or  bunds  ;  and  where  the 
drains  discharge  through  bunds  they  must  be  provided  with  tide  gates  to  prevent 
the  sea  flowing  in  at  high  tide.  Many  forms  of  tide  gates  have  been  devised 
and  may  be  studied  on  the  estuaries  of  the  larger  rivers  of  England  and 
other  temperate  lands,  particularly  in  Holland.  Some  gates  consist  of 
a  flap,  which  automatically  opens  under  pressure  from  water  in  the  drain, 
and  closes  to  the  rising  tide  under  pressure  from  the  sea.  A  very  simple  form 
consists  of  a  long  wooden  box  set  into  the  end  of  the  drain,  with  a  flap  hinged 
to  the  end,  or  better  still,  suspended  by  a  couple  of  links  from  a  chain  which 
allows  of  a  closer  adaptation  of  the  lid  to  the  end  of  the  box.  It  requires  some 
supervision,  as  sticks  may  become  impacted  and  prevent  the  flap  closing,  even 
when  both  ends  of  the  gate  have  guards  of  expanded  metal.  Another  form  is 
the  simple  sluice  gate.  It  is  probably  more  efficient  than  the  automatic  gate, 
but  has  the  disadvantage  of  requiring  attention  at  each  tide.  In  order  to  obtain 
the  best  possible  drainage  throughout  the  whole  area,  the  sill  of  the  gate  should 
be  as  low  as  possible.  This  will  be  found  to  be  below  the  level  of  neap  tides. 

Where  the  outlet  drain  is  a  natural  creek  or  channel  it  is  advisable  to  place 
the  tide  gate  not  in  the  creek  but  in  the  more  solid  land  to  one  side  of  it.  When 
the  gate  is  in  place,  a  new  channel  is  cut  leading  through  it,  and  the  former 
channel  closed.  The  bed  of  a  natural  channel  is  very  soft,  and  gives  a  bad 
foundation  for  a  gate.  Where  a  considerable  stream  opens  through  tidal 
land,  it  is  advisable  to  embank  it,  without  attempting  to  put  a  gate  on  it,  and 
to  drain  the  land  on  each  side  of  it  by  independent  systems  of  drains  and  gates. 
This  prevents  inundation  by  the  floods  from  the  higher  land. 

In  some  places,  especially  in  those  where  the  rise  and  fall  of  the  tide  is  small, 
and  inundation  is  feared,  tide  gates  are  not  employed.  The  drains  then  lead  to 
pumping  stations  which  pump  the  water  over  the  bund. 

In  towns  where  land  has  a  high  value  for  building  purposes,  it  may  be 
considered  advisable  to  raise  the  land  by  pumping  liquid  mud  on  to  it.  This 
hydraulic  filling  has  been  used  in  many  places  with  success. 

Coastal  flat  land.  Passing  inland  from  the  tidal  zone,  we  meet  an  entirely 
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different  flora  in  the  fresh- water  vegetation  :  and  with  it  frequently  an  entirely 
new  group  of  Anopheles.  The  land  is  flat,  rising  perhaps  only  a  foot  per  mile 
as  we  pass  inland.  Being  alluvial  it  consists  of  a  stiff  clay,  in  places  with  a 
layer  of  peat  on  top.  When  undrained  it  consists  of  deep  swamp,  covered 
often  by  an  almost  impenetrable  jungle  :  even,  when  drained  to  the  maximum 
extent,  the  ground  water  is  within  a  foot  or  two  of  the  surface.  Like  the  Tidal 
Land,  this  land  also  has  been  notorious  for  the  severity  of  its  malaria.  Here 
too,  malaria  disappears  before  drainage  and  cultivation.  The  cost  of  draining 
this  land  in  Malaya  is  between  two  and  three  pounds  sterling  an  acre. 

It  has  been  found  that  the  drainage  of  this  land,  without  the  felling  of  the 
jungle,  is  sufficient  to  control  its  malaria  to  a  material  extent :  yet,  as  the  drains 
in  the  jungle  are  liable  to  obstruction,  and  so  become  breeding-places,  it  is 


Fig.  190.  Screw-down  tide  gate  opening  through  a  bund  at 

Port  Swettenham. 

generally  better  to  bring  any  dangerous  block  of  jungle  under  cultivation 
than  to  leave  it  merely  drained. 

Several  practical  points  may  be  mentioned  in  connexion  with  the  opening 
up  of  jungle-covered  flat  land.  The  property  may  consist  of  a  few  hundred  or 
a  few  thousand  acres  ;  and  the  programme  will  usually  be  to  open  up  a  portion 
each  year.  If  left  to  himself  without  guidance,  the  person  opening  the  land  may 
house  his  labour  force  on  one  of  the  boundaries  of  a  ‘  clearing  ’  next  to  jungle  ; 
and  in  order  to  be  close  to  the  new  work  of  the  future  he  may  build  houses 
alongside  of  jungle  marked  to  come  down  at  a  later  date.  The  medical  officer 
should  warn  him  of  the  danger.  No  houses  should  be  occupied  if  within  half 
a  mile  of  a  jungle  boundary  ;  as  the  opening  up  is  pushed  on,  houses  should 
follow  at  that  distance. 

It  may  be  that  on  an  estate  already  developed  the  labour  is  housed  near 
to  jungle,  and  consequently  suffers  from  malaria.  In  such  a  case  it  pays 
handsomely  to  fell,  drain,  and  cultivate  a  portion  of  the  jungle,  so  as  to  push 
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it  back  half  a  mile  from  the  houses ;  or  to  drain  it  without  felling  it ;  or  if  these 
measures  are  not  possible  to  remove  the  labourers  to  new  houses  half  a  mile 
from  all  jungle — failing  half  a  mile  to  the  maximum  distance  obtainable,  for 
every  hundred  yards  count. 

Coastal  hill  land.  At  the  first  of  the  hills,  as  we  pass  inland  from  the  sea, 
we  may  meet  with  yet  other  species  of  Anopheles ,  just  as  we  meet  with  forms 
of  vegetation  which  do  not  grow  in  the  deep  swamps  of  the  coast  land.  Some 
are  harmless  like  A.  aitkeni  in  Asia,  and  A.  eiseni  in  Central  America.  In 
Malaya,  however,  we  have  in  the  ravines,  springs,  and  pools  of  these  hills,  when 
covered  with  jungle,  the  dangerous  Anopheles  mnbrosus  which  we  met  with 
in  the  Coastal  Flat  Land.  The  clearing  of  the  jungle  and  draining  of  the  ravines 
again,  as  in  the  Flat  Land,  removes  A.  umbrosus,  and  in  some  instances  removes 


Fig.  191.  A  large  agricultural  drain  in  flat  land. 


the  malaria.  In  the  majority  of  places,  however,  a  new  Anopheles  at  once 
appears,  namely  A.  maculatus  (Plate  XII).  With  it  comes  intense  malaria.  No 
4  clean  weeding 5  or  4  care  ’  of  the  ravine  streams  will  eliminate  this  mosquito,  and 
ordinary  agriculture  fails  completely  to  control  the  malaria.  Indeed  the  higher 
the  cultivation  from  a  planter’s  point  of  view,  the  cleaner  the  ravines,  the 
purer  and  more  sparkling  the  water,  the  more  sunlight  plays  on  it,  the  better 
for  this  Anopheles,  and  the  more  intense  the  malaria.  In  the  countries  of  Asia 
in  which  A.  maculatus  exists,  cultivated  hill  land  is  generally  intensely  malarial, 
while  flat  land  even  with  its  high  ground  water  is  relatively  healthy.  Where, 
as  in  Italy,  no  stream-breeding  Anopheles  like  A.  maculatus  exists,  the  hills 
have  ever  been  recognized  as  a  refuge  from  the  disease.  A.  maculatus  ranges 
from  Bombay  and  the  Himalayas  in  India,  to  Hong-Kong,  the  Philippines, 
and  Malay  Archipelago  :  and  as  it  is  a  transmitter  of  malaria  of  more  than 
ordinary  efficiency  so  it  is  an  insect  of  great  economic  interest.  To  it  is  due  the 
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malaria  for  which  Hong-Kong  was  at  one  time  so  notorious  ;  and  it  is  in  all 
probability  responsible  for  the  evil  reputation  of  the  Terai  at  the  foot  ol  the 
Himalayas.  In  the  tropics  it  causes  malaria  usually  up  to  an  elevation  of 
2,000  ft.,  but  in  specially  malarial  years  the  disease  rises  to  4,000  ft.,  at  which 
the  mosquito  breeds  in  abundance. 

To  combat  it  special  forms  of  drainage,  oiling,  or  larvacide  may  be  required, 
so  this  will  be  a  convenient  moment  to  discuss  in  greater  detail  some  practical 
points  in  connexion  with  these  matters. 

Drainage.  In  laying  out  an  anti-malaria  scheme,  say  for  a  town,  each  area 
to  be  drained  should  be  4  levelled  5  throughout,  and  a  scheme  for  the  whole 
area  prepared  at  once,  although  only  a  portion  may  be  undertaken  at  the  time  : 


Fig.  192.  An  earth  drain  with  a  concrete  invert.  The  invert  is 
moulded  in  sections  six  feet  long. 


otherwise  the  level  of  the  outlet  may  be  placed  too  high  to  permit  of  the  drainage 
of  the  4  hinterland  \  If,  after  the  4  levels  ’  have  been  made  and  the  plan 
decided  on,  the  necessary  depth  cannot  be  obtained  on  account  of  the  height 
of  a  railway  or  road  culvert,  or  an  existing  system  of  concrete  road  drains,  the 
engineer  may  be  tempted  to  compromise  and  to  raise  the  level  of  his  new  scheme 
throughout.  This  should  not  be  done.  Nothing  can  be  more  important  than 
the  level  at  which  the  scheme  is  laid  :  unless  low  enough,  the  ground  water 
will  not  be  lowered  sufficiently  to  prevent  the  soil  becoming  saturated  with 
water  in  wet  weather — in  other  words,  becoming  a  swamp.  Well-drained  land 
has  an  open  friable  soil  capable  of  absorbing  a  large  rainfall  without  the  forma¬ 
tion  of  pools  on  the  surface.  It  is  surprising  how  soon  even  the  stiff  heavy  clay 
of  a  mangrove  swamp  responds  to  drainage,  and  how  soon  pools,  puddles, 
hoof-marks  dry  up  and  disappear  after  rain.  There  must  therefore  be  a  rigid 
insistence  on  the  railway  or  road  culvert  being  lowered  to  the  desired  level  or 
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new  culverts  constructed  alongside.  Where  an  old  system  of  concrete  drains 
is  in  existence,  it  should,  if  at  too  high  a  level,  be  4  scrapped  ’  without  hesitation. 
I  have  seen  so  much  money  wasted  in  compromises  and  attempted  economies 
that  I  feel  a  special  warning  is  required  in  this  matter.  If  for  some  special 
reason  it  is  necessary  to  keep  a  high-level  concrete  drainage  system,  for  example, 
for  the  conveyance  of  waste  water  from  houses,  then  an  independent  low-level 
malaria  drainage  system  should  be  laid  down  alongside  of  it.  A  subsoil  drainage 
system  is  often  a  satisfactory  solution  of  the  difficulty. 

On  4  Filling  ’.  Swamps  at  the  foot  of  hills  should  not  be  4  filled  ’  until  it 
has  been  shown  they  cannot  be  dried  by  means  of  intercepting  drains  following 
the  contour  of  the  hill  foot.  Indeed,  ‘filling  ’  should  never  be  done  in  any 

ANTI-MALARIAL  WORK,  UNTIL  IT  HAS  BEEN  SHOWN  BY  A  SERIES  OF  4  LEVELS  ’,  OR 


Fig.  193.  A  large  concrete  drain  with  a  narrow  invert.  At  the  side 
of  the  drain  is  a  pile  of  subsoil  drain  pipes. 


BY  THE  DRAINAGE  ITSELF,  THAT  THE  LAND  CANNOT  BE  SATISFACTORILY  DRAINED. 

It  adds  enormously  to  the  cost,  and  is  rarely  effective.  On  the  other  hand, 
4  filling  5  is  legitimate  when  it  is  the  cheapest  way  of  obliterating  small  breeding- 
places  such  as  wells  and  similar  depressions,  which  expose  the  water  table. 
Sometimes  4  filling  5  is  done  to  a  depth  far  beyond  what  is  required  for  4  mosquito 
control  ’  in  order  to  create  building  sites,  and  the  whole  cost  is  debited  to 
4  mosquito  control  ’  without  crediting  it  with  the  enhanced  value  of  the  land. 
The  correct  method  is  to  debit  mosquito  control  with  only  the  proportion  of 
the  expense  of  filling  necessary  for  that  purpose,  and  to  debit  the  balance  to 
4  town  improvements  5  or  4  building  sites  ’.  Concrete,  brick,  or  glazed  drains 
are  often  of  use  in  the  lower  reaches  of  a  long  drainage  system,  especially  in 
towns.  Care  must  be  taken  to  provide  them  with  an  abundance  of  w  weep 
holes  ’.  So  few  of  these  drains  as  actually  constructed  are  satisfactory,  that 
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in  all  cases  a  subsoil  pipe  should  be  laid  down  parallel  to  the  outer  wall  and 
opening  at  each  weep  hole. 

An  economical  and  effective  wire  drain  was  much  used  in  Panama.  It  was 
made  by  placing  hen-coop  wire-netting  in  the  invert  of  the  drain  and  filling  it 
with  concrete. 

Subsoil  drainage.  In  many  ravines  of  countries  where  the  soil  is  sandy 
and  friable,  no  system  of  drainage  is  successful  except  subsoil  drainage.  If 
brick,  concrete,  or  wire  drains  are  laid  down,  the  heavy  tropical  storms  quickly 
erode  the  soil  at  their  sides,  and  the  drains  soon  stand  isolated  in  a  new  stream 
bed.  At  a  lower  part  of  the  ravine  the  sand  from  the  upper  parts  is  deposited, 
and  buries  the  concrete  drains.  To  obviate  these  difficulties  a  complete  system 


Fig.  194.  The  outlet  of  the  subsoil  drainage  system  of  a  ravine  on  Seafield 
estate,  Federated  Malay  States.  The.  ravine  has  been  cleared  of  rubber  trees, 
drained  by  pipes,  and  put  under  grass.  The  whole  estate  is  cut  up  by  ravines  such 
as  the  one  shown,  and  about  150  acres  have  been  treated  in  this  way. 

of  subsoil  drains,  at  least  3  feet  below  ground  level,  should  be  laid  down.  The 
subsoil  pipes  used  should  rarely  be  of  less  than  6  inches  in  diameter.  In  a  narrow 
ravine  a  single  line  of  pipes  at  each  side  of  the  hill  foot  intercepts  all  springs, 
and  is  often  sufficient  to  dry  the  whole  ravine  completely.  In  wider  ravines 
several  lines  of  pipes  are  placed.  The  bottom  of  the  ravine  should  be  made 
level  so  as  to  distribute  storm-water  and  prevent  it  cutting  channels.  If  these 
form  they  should  be  at  once  filled  in.  In  the  steeper  portions  of  the  ravine 
grass  may  be  planted  or  turf  pegged  down,  but  this  is  unnecessary  as  a  rule. 
There  being  no  water  permanently  on  the  surface  and  no  narrow  channel, 
storm-water  produces  a  minimum  of  erosion.  Silt  coming  from  the  hill-sides 
is  deposited  within  a  few  yards  of  the  hill  foot  on  the  floor  of  the  ravine,  and 
is  never  carried  down  the  ravine,  as  is  the  case  in  open  drainage  systems.  The 
floor  of  the  ravine  becomes  an  absorbent  pad  through  which  water  rapidly 
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passes  to  the  subsoil  pipes,  but  which  detains  even  the  finest  sand.  The  capacity 
of  the  pipes  should  be  sufficient  to  dry  the  ravine  completely  in  a  few  hours 
even  in  the  wettest  weather.  If  the  pipes  are  too  small  drying  is  delayed  and 
one  or  more  additional  lines  of  pipe  is  called  for.  In  laying  the  pipes  a  beginning 
is  made  at  the  head  of  the  ravine.  Where  soil  is  required  to  level  off  the  bottom 
of  the  ravine  it  should  never  be  taken  from  the  lower  edge  of  the  hill-side  lest 
springs  be  exposed.  The  cost  of  the  system  depends  largely  on  the  price  of 
local  labour.  The  pipes  are  ordinary  agricultural  tile-pipes,  and  in  the  Malay 
States  are  made  for  the  estates  by  the  native  roof-tile  makers  at  a  cost  of  a  few 
cents  a  foot,  each  piece  a  foot  long.  The  upkeep  of  the  system  works  out  at 
about  5  per  cent  of  the  capital  cost.  Unlike  the  system  of  subsoil  drainage 
used  in  Panama,  where  stones  of  graded  size  are  placed  on  the  pipes  reaching 
to  above  ground-level,  no  stones  are  used  in  Malaya  because  the  silt  and  sand 
of  that  country  would  soon  block  a  Panama  system.  The  omission  of  stone 
greatly  reduces  the  cost.  In  land  as  much  cut  up  by  ravines  as  can  be  imagined, 
hill  streams  of  considerable  size  and  ravines  carrying  large  volumes  of  storm¬ 
water  have  been  drained  at  a  cost  of  about  £4  sterling  an  acre.  There  were 
many  difficulties  to  be  overcome  at  first  ;  but  the  system  has  been  laid  down 
on  a  number  of  estates  by  planters,  without  any  technical  assistance  (being 
a  new  system  no  assistance  was  available  at  first),  and  the  experience  of  some 
years  shows  it  is  satisfactory  not  merely  from  the  engineering  and  malarial 
points  of  view,  but  from  the  commercial,  inasmuch  as  it  has  lowered  the  cost 
of  production.  In  some  very  steep  hill-sides  small  streams  trickle  among  the 
granite  boulders,  yet  are  sufficient  to  breed  A.  maculatus  in  large  numbers  and 
cause  intense  malaria.  These  streams  may  be  dried  up  by  picking  up  the  loose 
stones  and  boulders,  clearing  out  the  channel  and  then  replacing  the  stones 
so  as  to  form  a  subsoil  drain.  Only  at  the  foot  of  the  hill  need  pipes  be  used. 
I  have  seen  this  simple  and  cheap  subsoil  drainage  give  good  results. 

In  Hong-Kong  the  hill  streams  are  carried  down  in  channels  lined  with 
granite.  They  are  large  enough  to  carry  the  storm-water,  but  have  small 
inverts  to  take  the  dry  weather  flow.  Larvae  do  not  breed  in  them  unless 
when  the  water  is  obstructed  by  leaves. 

Oiling.  Although  its  mode  of  action  on  the  larvae  is  by  no  means  fully 
understood,  there  is  a  large  practical  experience  to  show  its  efficacy  even  in 
places  not  at  first  sight  at  all  suited  to  its  use.  It  has  been  suggested  that  the 
oil  acts  as  a  poison  through  solution  in  the  water  ;  or  it  may  be  by  penetrating 
and  obstructing  the  finer  ramifications  of  the  trachea,  and  so  poisoning  the 
tissues  direct.  Another  theory  is  that  it  lowers  the  surface  tension  of  the  water, 
so  that  larvae  can  no  longer  support  themselves  at  the  surface.  The  original 
idea  was  that  the  oil,  by  forming  an  air-proof  film  on  the  water,  cut  off  the 
larvae  from  the  air,  and  that  they  died  purely  from  suffocation.  The  problem 
is  by  no  means  a  simple  one. 

The  larvae  of  some  species  are  killed  more  easily  than  others  :  fortunately 
Anopheles  larvae  are  peculiarly  susceptible.  An  indirect  effect  on  the  larvae 
is  through  the  action  the  oil  has  on  their  food-supply.  My  observations  show 
that  the  species  of  alga  present  are  altered,  even  where  no  coarser  change  is 
noticeable  in  the  water.  Fears  are  sometimes  expressed  that  aquatic  plants 
.  will  break  the  film  of  oil,  and  allow  spaces  at  which  the  larvae  can  breathe. 
Personally  I  think  the  presence  of  vegetation  in  and  on  the  banks  of  a  pond 
or  stream  no  serious  disadvantage,  if  it  is  one  at  all.  If  the  oil  be  thoroughly 
applied  through  a  sprayer,  it  kills  all  vegetable  matter  with  which  it  comes 
in  direct  contact,  and  the  putrefaction  of  the  dead  matter  is  inimical  to  most 
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Anopheles  larvae  which  require  clear  water,  although  it  has  less  effect  on  the 
foul-breeding  Culicines.  The  presence  of  live  vegetation  I  regard  as  evidence 
of  inefficient  oiling.  Pure  kerosene  is  less  effective  than  the  heavier  oils,  either 
by  themselves  or  mixed  with  kerosene.  The  best  is  a  heavy  oil  which  will  issue 
from  the  sprayer  as  a  fine  cloud,  and  will  spread  at  once  uniformly  over  the 
water.  Some  supplies  of  heavy  oil  lie  on  the  surface  in  globules  ;  these  require 
to  be  thinned  with  kerosene,  it  may  be  one  part  of  kerosene  to  6  or  8  parts  of 
heavy  oil.  The  next  consignment  may  spread  perfectly  without  admixture. 


Fig.  195.  Meyer’s  knapsack  oil  sprayer. 

In  some  places  crude  oil  direct  from  the  earth  is  used  ;  in  others  the  refuse 
oil  is  used.  Obviously  the  oil  to  be  used  should  be  the  cheapest  which  gives  the 
desired  result.  The  whole  area  to  be  treated  should  be  divided  into  six  parts, 
one  of  which  is  oiled  on  the  same  day  each  week.  The  oil  should  be  applied 
preferably  from  a  Knapsack  Sprayer,  with  leather  or  metal  valves  instead  of  the 
rubber  ones  often  fitted.  For  roadside  ditches  an  oil  cart  may  be  used  with  the 
oil  pipe  projecting  over  the  drain,  as  was  done  in  Panama.  In  many  places  drip 
barrels  are  used.  The  oil  constantly  drips  from  cocks,  wicks,  or  holes  through 
which  nails  project.  At  first  sight,  such  a  method  as  giving  a  constant  film  on 
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the  water  would  appear  specially  suitable  for  stream-breeding  larvae,  but  this 
is  not  so.  In  dry  weather  especially,  side  pools  are  formed  from  springs  that 
are  entirely  outside  the  influence  of  oil  in  the  main  stream.  I  prefer,  therefore, 
to  rely  solely  on  the  sprayer  used  carefully  and  particularly  along  the  edges 
of  the  stream,  and  where  there  are  obstructions.  These  are  the  dangerous 
portions.  It  might  be  thought  that  since  the  oil  is  rapidly  carried  away  in 
mountain  streams,  even  in  dry  weather,  and  thoroughly  washed  out  in  wet, 
this  method  would  be  quite  unsuitable  for  such  streams.  Experience,  however, 
shows  that  an  application  once  a  week,  as  described,  completely  frees  the 
streams  from  A.  maculatus  ;  and  it  is  extensively  used  in  hill  land  in  Malaya. 
The  cost  depends  on  the  number  of  streams  to  the  acre,  the  local  cost  of  the  oil, 
and  of  the  labour.  Since  the  cost  of  oil  and  labour  varies  so  much  in  different 
countries,  and  the  number  of  streams,  ponds,  and  other  bodies  of  water  vary 
so  much  in  different  areas  of  land,  the  only  way  to  obtain  an  accurate  estimate 
of  the  cost  of  oiling  any  area  is  to  oil  it  once  or  twice.  In  Malaya  in  hill  land 
it  varies  from  £5  to  £50  per  square  mile  of  hill  land  per  month,  the  cost  in¬ 
creasing  in  proportion  to  the  number  of  ravines  and  swamps  within  the  area. 
In  large  ponds,  lakes,  and  lagoons  floating  timber  is  anchored  to  prevent  the 
oil  film  from  being  blown  away.  Recently  oil  has  been  applied  to  a  stream 
divided  into  sections  by  floating  timber  barriers.  When  one  section  has  been 
treated,  the  timber  is  removed  to  the  next  lower  section,  and  the  oil  allowed 
to  pass  into  the  new  section.  In  this  way  less  oil  is  used.  Where  oil  is  dear, 
labour  cheap,  and  the  river  of  suitable  size,  this  method  should  be  adopted 
In  Port  Said  a  submerged  oiler  was  used  in  the  cess-pits. 

It  is  of  course  impossible  to  oil  drinking-water  supplies. 

Larvacides.  The  perfect  larvacide  should  possess  the  following  qualities  : 
(1)  great  toxicity  to  larvae  ;  (2)  rapidity  of  action  ;  (3)  uniform  toxicity  ; 

(4)  rapidity  of  mixture  with  all  waters,  including  salt  and  alkaline  waters  ; 

(5)  stability  of  constitution  ;  (6)  non-toxicity  to  man  and  domestic  animals  ; 
(7)  cheapness.  Most  larvacides  possess  only  a  few  of  these  qualities.  A  larvacide 
was  prepared  in  Panama  by  heating  carbolic  acid  in  a  steam-jacketed  vessel, 
and  then  adding  resin  and  caustic  soda.  The  carbolic  acid  should  have  a  specific 
gravity  not  greater  than  0-97,  and  contain  not  less  than  15  per  cent  of  tar  acids. 
To  150  gallons  of  crude  carbolic  acid  are  added  200  lb.  of  finely  crushed  and 
sifted  common  resin  ;  and  then  30  lb.  of  caustic  soda  dissolved  in  6  gallons 
of  water  are  finally  added.  The  mixture  should  be  stirred,  and  is  ready  in 
a  few  minutes.  It  is  highly  toxic  to  larvae  in  one  in  10,000  in  fresh  water,  in 
which  it  forms  an  emulsion.  It  is  also  used  in  Panama  to  thin  the  heavy  oil, 
as  well  as  for  its  toxic  action.  Its  chief  disadvantages  are  that  it  does  not 
act  so  well  in  salt  water,  and  must  be  kept  in  air-tight  drums,  as  it  rapidly 
deteriorates  on  exposure  to  air. 

Chlorine,  lysol,  and  other  eresol  preparations  are  useful ;  and  experiments 
have  been  made  with  decoctions  of  tobacco,  tuba  root  ( Derris  elliptica ),  and 
various  oils. 

Destruction  of  food  for  larvae.  Larger  developments  of  this  line  of  action 
may  be  expected  as  we  acquire  greater  knowledge  of  larvae  life-history.  In 
some  pools  covered  by  or  containing  weeds,  larvae  are  rarely  found.  Heavy 
•  shade,  by  decreasing  the  chlorophyll-bearing  and  other  organisms  requiring 
sunlight,  renders  water  unsuitable  for  many  larvae  ;  for  example  A.  maculatus . 
Copper  sulphate  has  a  somewhat  similar  action,  and  is  specially  suitable  for 
water  supplies  where  oiling  is  inadmissible.  Common  salt  and  alum  will  clear 
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water  and  precipitate  many  algie,  and  so  starve  the  larvae  that  they  become 
cannibals  and  destroy  each  other. 

Fish.  Practically  all  small  fish  when  put  into  a  jar  will  soon  clear  it  of  any 
larvae  present.  At  one  time  ‘  the  millions  ’,  a  small  viviparous  fish,  an  in¬ 
habitant  of  Barbados  and  other  Central  American  lands,  was  supposed  to  be 
responsible  for  the  freedom  from  malaria  enjoyed  by  the  Island  of  Barbados. 
It  was  consequently  imported  by  other  countries  ;  but  a  wider  study  of  the 
subject  showed  that  most  countries  possess  local  fish  hardly,  if  at  all,  inferior 
to  4  the  millions  ’  in  their  appetite  for  larvae.  The  presence  of  aquatic  cover — 
weeds,  grass,  etc.,  for  the  larvae  is  probably  their  chief  protection  ;  but  this 
does  not  explain  many  instances  where  fish  and  larvae  are  found  together. 
Fuller  knowledge  will  probably  lead  to  a  larger  use  of  fish  in  anti-malarial  work. 

From  time  to  time  ducks,  other  aquatic  birds,  and  aquatic  insects  are  re¬ 
ported  as  having  cleared  larvae  from  ponds.  Observations  show  they  cannot 
be  relied  on  to  do  so  ;  but  here  too  the  subject  requires  more  study,  as  do  the 
parasitic  diseases  to  which  larvae  are  subject.1 

From  the  foregoing  it  will  be  seen  that  there  are  several  methods  applicable 
to  the  treatment  of  collections  of  water,  one  of  which  will,  in  all  probability, 
be  obviously  the  most  efficient  and  economical.  For  small  pools  in  parts  of  the 
tropics,  where  the  rainfall  is  scanty,  there  is  a  method  which  may  be  more 
economical  than  either  draining,  filling,  or  oiling  :  it  is  to  empty  the  pools 
with  Merry  weather  pumps. 

Comparison  of  the  methods  of  drainage  and  oiling.  In  dealing  with  large 
swamps  in  flat  land,  drainage  is  not  only  more  effective  than  oiling,  but  may 
be  actually  little  if  any  more  expensive,  while  it  has  the  advantage  in  many 
places  of  increasing  the  value  of  the  land  and  making  it  fit  for  cultivation. 
In  jungle-covered  swamp,  oiling  is,  of  course,  impossible. 

In  dealing  with  ravines  in  hill  land,  oiling  has  two  outstanding  advantages. 
It  requires  time,  months  at  least,  and  it  may  be  much  longer,  to  lay  down 
a  satisfactory  subsoil  drainage  scheme  on  a  large  area.  During  this  time  the 
population  suffers  from  malaria.  But  with  oiling,  the  whole  area  can  be  treated 
in  a  week  ;  and  re-infection,  so  important  a  factor  in  producing  intense  malaria, 
is  thus  stopped  within  a  very  limited  period.  The  other  great  advantage  is 
that  a  private  enterprise,  possibly  almost  broken  financially  by  malaria,  or  for 
other  reasons  not  financially  strong,  may  be  able  to  pay  the  cost  of  oiling 
spread  over  a  long  period,  when  it  could  not  afford  the  relatively  heavier  first 
cost  of  a  large  drainage  scheme.  Drainage  has,  however,  the  great  advantage 
of  permanency  ;  it  depends  less  on  sustained  and  repeated  human  effort  ;  and 
it  requires  less  inspection. 

Measures  against  adult  mosquitoes.  So  far  we  have  been  considering 
measures  directed  against  larvse.  The  malaria  cycle  may,  however,  be  broken 
by  preventing  man  from  being  bitten  either  by  interposing  a  screen  between 
him  and  the  adult  insect,  by  driving  it  off  by  smoke  and  other  repellants,  or 
by  trapping  it. 

Clearing  away  vegetation  stops  mosquitoes  entering  a  house  during  the  day, 
for  the  insects  will  not  cross  an  open  space  in  strong  sunlight.  At  night 
they  will  leave  their  cover  and  cross  the  open  space,  so  the  farther  away  the 
vegetation  has  been  cleared  the  farther  the  insects  have  to  come,  and  the  fewer 
will  come.  Some  discretion  should  be  shown  in  clearing  up  vegetation.  Shade 

1  Malcolm  MacGregor  has  found  Azolla  jiliculoides — an  aquatic  plant — serviceable  in 
preventing  mosquitoes  breeding  in  standing  pools  of  water.  The  plant  grows  luxuriantly, 
completely  covering  the  surface  of  the  water. 
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trees,  flowering  shrubs,  and  other  flowers  should  not  be  ruthlessly  condemned  ; 
they  do  little  or  no  harm  if  the  ground  otherwise  is  clear  and  under  short  grass. 
Scrub  and  bush  are  particularly  objectionable,  for  into  them  tins,  bottles,  and 
other  containers  will  certainly  be  thrown  by  native  servants. 

I  have  already  mentioned  that  in  some  places  certain  species  of  Anopheles 
will  appear  in  a  pool  under  shade,  and  will  disappear  if  the  shade  be  moved  ; 
clearing  vegetation  has,  therefore,  a  value  both  against  the  adult  and  the  larvae 
in  these  places.  I  must  repeat  the  warning,  however,  against  clearing  under¬ 
growth  from  hill  streams  in  countries  where  A.  maculatus  exists,  unless  other 
steps  are  taken  to  deal  with  this  insect  should  it  appear  in  the  newly-cleared 
streams.  Otherwise,  the  last  state  of  the  inhabitants  is  likely  to  be  worse  than 
the  first. 

Screening  has  been  dealt  with  under  the  section  on  Habitations  (Chap.  4)  and 
their  Annexes,  so  it  is  unnecessary  to  repeat  what  has  already  been  said.  After 
having  lived  in  fully  screened  houses  in  Panama  and  in  the  Malay  Peninsula, 
it  is  apparent  to  me  that  objection  to  their  use  is  largely  due  to  ignorance,  and 
is  based  on  fears  of  discomforts  which  are  not  realized  in  fact.  In  this  matter 
the  Americans  are  far  ahead  of  the  British.  In  America  houses  are  screened 
not  merely  against  mosquitoes,  but  against  domestic  flies,  as  a  matter  of  course. 
In  the  Malay  Peninsula  a  number  of  bungalows  on  estates  have  been  screened 
on  my  suggestion,  when  the  alternative  was  their  removal.  The  inhabitants 
were  strongly  prejudiced  against  the  measure,  but  rapidly  became  enthusiastic, 
when  they  found,  not  only  that  their  health  improved,  but  that  their  fears  of 
feeling  4  cribbed  and  confined  ’  soon  disappeared.  In  screening  a  house,  it  is 
important  to  protect  the  native  servant  also  ;  experience  shows  there  is  less 
difficulty  in  doing  this  than  might  be  anticipated.  Screened  hospitals  are 
satisfactory.  Nets  in  native  hospitals  are  almost  useless  where  there  are  many 
mosquitoes.  Under  this  heading  come  mosquito-nets  for  beds,  in  houses,  and 
in  camps  ;  mosquito- veils,  boots,  and  gloves  :  these  are  discussed  more  fully  in 
the  section  on  General  Tropical  Prophylaxis  (Chap.  3). 

Traps.  In  screened  houses  adult  insects  which  gain  an  entrance  may  be 
trapped  in  tubes  or  bottles  containing  a  plug  of  cotton  wool  soaked  in  chloroform. 
In  Panama  a  gauze  trap  on  the  principle  of  a  fish-trap  was  used  to  catch  insects 
trying  to  gain  an  entrance  to  screened  houses.  The  best  places  for  the  traps 
were  just  below  the  eaves  on  the  lee  side  of  the  house,  and  over  holes  in  the 
floor.  In  Ceylon,  James  placed  a  large  trap  in  a  dark  corner  of  the  garden,  and 
drove  mosquitoes  into  it  by  beating  and  fumigating  the  bushes.  The  door  of 
the  trap  is  then  closed. 

Repellants.  Mosquitoes  which  attempt  to  reach  a  town  by  train,  ship, 
boat,  or  barge  may,  when  considered  necessary,  be  destroyed  by  careful  fumi¬ 
gation,  as  described  under  that  section  ;  or  the  trains  or  vessels  may  be  detained 
at  a  quarantine  station  outside  the  town,  where  the  insects  are  simply  driven 
off  by  smoke  machines  using  wood  and  dung,  as  at  Khartoum.  For  personal 
application  some  essential  oils  alone,  or  in  mixture  with  other  oils,  camphor,  etc., 
may  be  used  as  repellants.  The  commonest  in  use  is  citronella  oil  ;  but  others 
are  equally  effective.  It  is  largely  a  question  of  price.  To  reduce  the  cost 
where  large  quantities  are  required,  Bamber  of  Ceylon  suggested  a  mixture  of 
citronella  oil,  1J  parts,  kerosene  1  part,  coco-nut  oil  2  parts,  with  1  per  cent 
carbolic  acid  as  a  preservative.  To  some  skins  the  direct  application  of  the 
oil  is  irritating ;  if  so,  it  may  be  applied  to  the  clothing  immediately  around  the 
neck  or  wrists,  and  on  the  stockings.  In  that  ease  the  pure  oil  should  be  used, 
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Fig.  19G.  View  of  a  rocky  gully  in  Macedonia  before  treatment.  By  per¬ 
mission  of  Director  of  Hygiene.  From  the  Report  by  Lt.-Col.  J.  A.  Anderson, 
R.A.M.C. 
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Fig.  197.  View  of  the  same  gully  (fig.  196)  after  treatment.  Seven  charges 
were  required  to  blast  a  channel  through  the  rocks,  and  the  edges  of  the  channel¬ 
ling  between  the  rocky  parts  were  made  up  with  the  stone  obtained  by  the 
blasting.  Photograph  by  Lt.-Col.  J.  A.  Anderson.  R.A.M.C, 
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since  it  leaves  no  stain.  It  may  be  sprinkled  from  a  small  dropper  scent  bottle. 
The  ankles  and  feet  being  most  frequently  bitten,  these  parts  should  be  freely 
sprinkled.  Probably  most  people  get  their  malaria  through  having  their  ankles 
bitten. 

When  staying  the  night  in  intensely  malarial  places,  as  I  frequently  do, 
I  use  in  the  evening  the  pure  oil  freely  on  my  clothing,  put  a  few  drops  in  my 
bath,  wear  light  canvas  boots,  and  use  my  private  mosquito-net.  The  oil  is 
less  effective  against  heavy  attacks  from  Aedes  ( Stegomyia )  scutellaris  than  the 
more  delicate  Anopheles.  It  should  be  renewed  about  every  two  hours  when 
there  are  many  insects. 

Inland  plains  and  flat  lands.  These  lands  may  present  a  group  of  new 

mosquitoes  not  found  in  the  Coastal  Flat,  for  example  A.  alhirostris  ;  and  the 
coastal  species,  or  some  of  them,  may  have  been  left  behind.  On  the  whole 
these  plains  are  less  unhealthy  than  the  h  11s,  either  below  or  above  them  ; 
and  clean  open  drainage  gives  good  results. 

Inland  hills.  Passing  still  farther  inland,  and  without  necessarily  any 
great  increase  in  elevation,  we  may  come  to  a  region  where  the  malaria-carrying 
Anopheles  of  the  coastal  virgin  jungle  is  absent,  and  where  the  Anopheles , 


Fig.  198.  To  illustrate  where  mosquito  larvse  may  breed  between  the 
stones  improperly  used  to  reinforce  the  edges  of  a  canalized  stream.  (After 
Lt.-Col.  J.  A.  Anderson,  R.A.M.C.) 

which  are  found  in  the  jungle  streams  of  the  hills,  do  not  carry  malaria. 
It  is  so  in  Malaya  ;  and  in  this  portion  of  the  peninsula  the  inhabitants 
are  free  from  malaria  as  long  as  the  hill  streams  are  in  heavy  shade.  The  absence 
of  A.  umhrosus  and  malaria  from  this  zone  was  discovered  by  C.  Strickland. 
When  the  jungle  streams  are  cleared  we  have  intense  malaria,  just  as  in  the 
Coastal  Hill  land,  and  for  the  same  reason  namely  the  appearance  of  A.  macu- 
latus.  And  so  it  is  that  this  inland  hill  land  presents  a  complete  contrast  to  the 
Coastal  Flat  land.  In  the  latter  the  virgin  jungle  is  malarial  ;  clearing  and 
draining  the  land  makes  it  healthy  ;  in  the  former  the  virgin  jungle  is  healthy, 
while  clearing  and  draining  the  ravines  makes  the  land  malarial.  Obviously 
the  most  economical  method  of  stopping  malaria  in  this  hill  land  will  be  to 
allow  the  ravines  to  revert  to  jungle,  or  to  become  heavily  shaded  in  some 
other  way,  unless  there  are  special  reasons,  as  does  occur  in  places,  to  give 
a  preference  to  subsoil  drainage  or  oiling. 

The  malaria  of  rivers,  lakes,  lagoons,  and  wells.  Rivers  as  breeding- 
places  vary  greatly  even  in  the  same  country  ;  even  the  same  river  varies  in 
different  parts  of  its  course.  Where  the  river  banks  are  steep,  they  do  not 
furnish  suitable  breeding-places  for  Anopheles.  In  some  rivers,  however,  larvae 
may  be  found  breeding  among  the  grasses  growing  at  the  side,  or  in  the  shallows, 
and  among  floating  debris.  Sometimes  larvae  are  found  in  rivers,  and  on  the 
shores  of  great  lakes,  in  pools  or  mud  left  by  subsidence  of  the  river  or  lake 
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level  in  dry  weather.  These  must  be  dealt  with  by  clearing  the  banks  of  vege¬ 
tation,  drainage,  oiling,  or  some  appropriate  method.  In  some  places  the  oil 
may  be  applied  and  then  fired  ;  this  may  be  done  to  floating  debris  as  on  the 
White  Nile.  A  special  danger  is  an  abandoned  river-bed. 

The  danger  of  tying  up  boats  and  river  steamers  at  night  at  native  villages 
and  river  stations  has  been  frequently  pointed  out.  Sometimes  this  is  done  to 
load  firewood  ;  more  often,  for  work  is  not  usually  done  at  night  in  the  tropics, 
merely  from  custom.  The  consequence  is  that  the  crew  and  passengers  contract 
malaria.  The  danger  can  usually  be  avoided  by  tying  up  at  an  uninhabited 
part  of  the  stream,  or  better  still  by  anchoring  in  midstream.  To  neglect  such 
a  simple  precaution  is  unwise.  From  a  commercial  point  of  view  malaria  on 
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Fig.  199.  A  small  slowly-flowing  stream  showing  channelling  and  building 
up  of  edges  nearly  completed.  (From  the  Report  bv  Lt.-Col.  J.  A.  Anderson, 
R.A.M.C. ;  by  permission  of  the  War  Office.) 

a  ship  leads  to  inefficiency  in  the  working  of  the  ship,  unnecessarily  large  crews, 
increased  cost  from  invaliding  of  officers  and  men,  and  it  may  be  deaths.  This 
is  quite  apart  from  the  loss  caused  by  the  infection  of  passengers  who  may  be 
valuable  members  of  the  Government  service  or  commercial  community. 

Lagoons,  when  shut  off  from  the  sea,  not  infrequently  breed  Anopheles. 
In  towns  they  may  be  reclaimed  by  hydraulic  filling  and  become  valuable  land. 
Cutting  open  a  communication  with  the  sea  from  which  fish  enter  is  often 
successful  in  clearing  them,  and  wave  action  is  detrimental.  In  some  places 
it  may  be  possible  to  deepen  them  and  to  remove  natural  cover.  Larvae  do  not 
like  deep  water. 

In  Bombay  City  the  malaria  was  found  to  be  carried,  not  by  the  Anopheles 
breeding  in  the  swamps  and  pools  visible  to  the  eye,  but  by  A.  stephensi 
(Plate  XIII),  which  bred  in  wells  within  the  houses.  There  were  religious 
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objections  to  sealing  the  wells  and  drawing  the  water  by  pumps,  as  was 
suggested  should  be  done. 

Rice -fields  and  irrigation  areas.  These  in  the  past  were  always  regarded 
as  malarial ;  yet  this  is  far  from  being  true.  Many  rice-fields  in  the  tropics, 
and  notably  those  in  coastal  flats  and  inland  plains,  are  singularly  free  from 
malaria.  The  rice-fields  of  valleys  are  more  usually  unhealthy.  The  differences 
depend  on  the  species  of  Anopheles  inhabiting  the  rice-fields  of  different 
zones  and  of  different  countries ;  and  the  possibility  of  eliminating  malaria, 
if  present,  depends  on  the  possibility  of  controlling  the  particular  species. 
In  a  rice  irrigation  area  a  good  efferent  system  (drainage)  is  no  less  important 
than  a  good  system  for  bringing  on  the  water.  The  two  combined  give 
a  thorough  control  over  the  water  level,  which  is  not  merely  beneficial  to 


Fig.  200.  Rice-fields  in  a  narrow  valley. 


the  crop,  but  may  be  helpful  in  eliminating  malaria.  Larvae  may  be  found  in 
the  irrigating  channels,  and  may,  in  some  places,  be  controlled  by  clean  weeding. 
The  brothers  Sergent  in  Algiers  kill  larvae  in  a  simple,  effective,  and  inexpensive 
way.  They  employ  two  channels  alternately,  each  for  a  week  at  a  time.  During 
the  week  it  is  not  in  use,  the  disused  channel  dries,  and  the  larvae  are  killed. 
The  success  of  this  measure  depends  on  the  life-period  of  the  larvae  being  three 
weeks,  and  on  the  climate  being  dry. 

In  the  rice-fields  themselves  it  is  important  to  flood  the  ground  completely  ; 
for  parts  only  partially  submerged  may  breed  larvae,  whereas  parts  completely 
covered  by  water  do  not.  This  may  be  due  to  the  presence  of  fish.  Deepening 
of  the  edges  and  clean  weeding  give  good  results  in  some  places.  So,  too,  when 
the  crop  is  ripe,  the  land  should  be  promptly  and  uniformly  dried  by  means  of 
the  drainage  system.  The  whole  subject  is  by  no  means  understood  fully. 
It  is,  however,  of  high  importance ;  and  we  know  enough  already  to  point  the 
way  to  ultimate  success. 
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In  the  case  of  some  other  crops,  where  irrigation  has  led  to  malaria,  it  is 
possible  to  apply  the  water  intermittently  without  materially  reducing  the 
value  of  the  crop. 

The  housing  of  a  labour  force  in  an  irrigation  area  known  to  be  malarious 
is  a  difficult  question,  and  several  alternatives  are  available.  Where  the  area  is 
narrow,  as  in  some  valleys,  the  houses  may  be  placed  at  the  sides,  if  possible 
at  least  half  a  mile  from  the  edge  of  the  area.  Sometimes  the  houses  have  to 
be  placed  in  the  middle  of  the  area  ;  under  these  circumstances  it  is  better  to 
have  a  considerable  village  and  surround  it  with  a  zone  of  dry  cultivation,  or 
at  least  with  a  crop  which  grows  with  intermittent  irrigation.  These  villages 
should  not  be  situated  near  to  the  dead  ends  of  the  irrigation  system  ;  and  any 
seepage  areas  and  borrow  pits  near  to  the  village  must  be  oiled,  filled  up,  or 
drained.  Malaria  takes  a  heavy  toll,  especially  from  non-immune  imported 
labour.  It  causes  a  perennial  loss  through  wastage,  inefficiency,  and  unreliability 
of  the  labour,  to  an  amount  sometimes  equivalent  to  an  80  per  cent  increase 
in  the  capital  cost  of  the  property.  It  will  be  apparent,  therefore,  that  a  careful 
record  of  the  cost  of  malaria  is  desirable,  and  money  spent  on  research  will 
almost  certainly  soon  be  repaid  with  interest. 

Removal  of  houses,  and  selection  of  sites.  It  happens  not  infrequently 
that  houses  have  been  built  on  sites  which  can  only  be  made  healthy  at  a  pro¬ 
hibitive  cost,  owing  to  some  peculiar  physical  condition  or  for  other  reasons. 
The  site  of  a  small  settlement  may  be  on  the  edge  of  a  large  swamp,  or  river 
bank  expensive  to  control,  or  an  abandoned  river  channel.  In  such  cases  it 
may  be  cheaper  to  remove  the  whole  settlement  to  a  healthy  site  than  control 
the  mosquitoes  on  the  old  site.  This  measure  is  specially  applicable  to  planta¬ 
tions,  small  cantonments,  or  small  communities.  On  the  same  principle  all 
swamps  and  other  breeding-places,  including  wells  and  native  houses,  should, 
if  possible,  be  put  4  out  of  bounds  ’  after  dusk,  when  troops  are  on  active  service. 
In  selecting  the  new  site,  one  must  be  chosen  which  is  either  healthy  or  can 
easily  be  made  healthy.  A  new  site  on  a  plantation  should  not  be  selected 
near  to  a  boundary,  but  far  enough  within  to  allow  all  the  necessary  anti¬ 
mosquito  work  to  be  carried  out  on  its  own  land,  and  not  partly  on  that  of  its 
neighbours.  Some  remarks  on  this  point  were  made  under  the  head  Coastal 
Flat  Land. 

YELLOW  FEVER 

At  present  the  only  proved  carrier  of  this  disease  is  the  mosquito  generally 
known  as  Stegomyia  fasciata,  and  although  in  yellow  fever  campaigns  special 
attention  has  been  given  to  this  insect,  we  must  take  cognizance  of  the  fact 
that  the  operations  have  in  fact  also  reduced  the  numbers  of  all  species  of 
mosquito. 

Aedes  (Stegomyia)  fasciata  (Plate  XVII)  is  essentially  a  domestic  mosquito, 
and,  unlike  most  Anopheles ,  does  not  breed  in  water  in  the  ground.  Even  with 
this  limitation,  it  finds  no  lack  of  breeding-places.  There  remain  for  it  all  other 
places  in  which  rain-water  can  collect  or  be  put,  such  as  tanks,  gutters,  barrels, 
bottles,  tins,  boxes,  shoes,  coco-nuts,  calabashes,  flower  vases,  ant-guards  to 
flowers,  meat-safes  and  tables,  cess-pits,  cisterns,  boats  or  canoes  abandoned 
or  in  use,  urns  in  cemeteries,  holes  in  trees,  bamboos,  collections  of  water  in 
‘  flowers,  leaf  sheaths,  pineapple  leaves ;  in  fact,  in  almost  every  conceivable  place, 
and,  as  anti-yellow-fever  campaigns  have  shown,  in  some  almost  inconceivable. 
The  work  of  destroying  this  insect  requires  a  high  degree  of  or  anization.  infinite 
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perseverance,  no  ordinary  detective  skill,  and  a  stout  heart.  The  results,  how¬ 
ever,  from  American  work,  have  been  so  brilliant  as  to  justify  Gorgas  in  his  hope 
that  yellow  fever  will  soon  disappear  entirely  and  for  ever  from  the  Western 
Hemisphere— a  work  to  which  he  devoted  the  last  years  of  his  life.  The  or¬ 
ganization  should  include  a  publicity  campaign,  so  that  the  inhabitants  of  the 
place  may  become  educated  in  what  is  being  done  for  their  benefit,  and  made  to 
realize  the  only  means  through  which  success  can  be  attained.  Their  assistance 
should  be  invited,  but  this  is  not  enough.  The  city  should  be  divided  into  six 
areas,  so  that  each  house  in  each  area  can  be  inspected  on  one  day  in  each  week. 
A  large  staff  of  labourers  under  competent  inspectors  is  required.  They  are 
provided  with  ladders,  wire  gauze,  sulphur,  pyrethrum,  carbolic,  cresyl,  or  other 
fumigant.  Rain-gutters  should  be  removed,  except  for  a  short  length  with 
a  steep  slope  immediately  above  the  entrance  of  the  house.  Water-barrels 
should  be  screened,  and  simple  cocks  provided,  where  this  is  the  only  available 
water  supply.  The  supply  of  piped  water  is  a  measure  of  first  importance. 
The  provision  of  public  water  supplies  in  so  many  towns  in  the  West  Indies, 
rendering  the  private  collection  of  rain-water  in  small  receptacles  unnecessary, 
has  been,  in  all  probability,  the  chief  cause  of  the  disappearance  of  yellow  fever 
from  so  many  of  the  islands  during  the  last  quarter  of  a  century.  Ships  visiting 
yellow  fever  ports  are  often  screened  to  avoid  quarantine  delays  at  othei  ports. 
The  yellow  fever  patient  should  be  removed  to  a  screened  hospital,  and.  as  an 
additional  precaution,  placed  within  a  temporary  screened  room  in  the  ward. 
The  occupants  of  the  infected  house  should  be  removed  to  a  screened  quarantine 
station.  The  infected  house  along  with  the  houses  around  it  should  be  sealed 
and  fumigated,  in  order  to  destroy  any  mosquitoes  which  may  have  become 
infected  from  the  patient. 

In  Panama,  the  whole  town  was  fumigated  four  times  before  the  disease 
was  finally  stamped  out  in  1906.  Once  that  was  done,  it  never  reappeared. 
The  danger  of  yellow  fever  reaching  Asia,  not  from  Central  America,  but  from 
the  West  Coast  of  Africa,  is,  in  my  ojhnion,  real.  Unless  precautions  are  taken 
to  stamp  out  the  disease  on  the  West  Coast,  it  will  reach  the  East  Coast,  as  soon 
as  the  railways  make  it  possible  to  pass  over  the  high  plateau  of  Central  Africa 
and  reach  the  East  Coast  within  the  incubation  period  of  the  disease.  From  the 
East  Coast  of  Africa  it  will  soon  travel  to  the  ports  of  Asia.  It  is  unnecessary 
to  tell  medical  men  what  the  result  will  be  in  so  vast  a  population  entirely 
lion-immune  to  the  disease.  Has  each  of  us  done  all  he  possibly  could  to  avoid 
this  calamity  ?  If  not,  then  each  of  us  must  bear  some  of  the  responsibility 
for  it.  If  it  comes,  it  will  come  as  a  flash.  I  pray  we  be  not  too  late. 

OTHER  MOSQUITOES. 

We  have  considered  in  some  detail  the  mosquitoes  which  carry  malaria 
and  yellow  fever.  Other  diseases  are  also  carried  by  mosquitoes,  of  which  the 
best  known  is  Filariasis.  It  is  not  known  exactly  how  many  species  of  mosquito 
act  as  host  to  the  filaria — there  is  reason  to  believe  the  number  is  large,  and 
not  confined  to  any  special  group  such  as  Anopheles.  We  will  therefore  consider 
briefly  what  can  be  done  to  control  all  mosquitoes  irrespective  of  what  diseases 
they  carry.  By  means  of  our  anti-malaria  work  we  have  already  controlled  many 
of  the  Anopheles  and  some  of  the  non-malaria  carrying  mosquitoes.  The  anti- 
Stegomyia  work  will  have  eliminated  another  large  group,  in  addition  to  the 
carrier  of  the  disease.  There  may  remain,  however,  large  groups,  including 
some  swamp  breeders,  foul  breeders,  and  those  of  the  salt  marsh,  if  these  have 
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not  already  been  controlled.  Much  of  this  work  will  follow  the  lines  laid  down 
for  the  anti-malaria  work.  It  will  consist  of  land  drainage,  earth  filling,  hydraulic 
filling,  oiling,  etc.  Again  I  would  emphasize  the  value  of  lowering  the  water- 
table  so  as  to  prevent  the  formation  of  small  pools  and  puddles  in  wet  weather. 
Some  of  these  mosquitoes  breed  in  the  foul  cess-pits  found  under  houses  and  in 
latrines  ;  others  in  swamps  no  less  foul  in  open  daylight.  Many  breed,  for 
preference,  and  in  enormous  numbers,  in  polluted  mangrove  swamps  when 
cleared  of  the  trees  ;  but  are  not  found  in  the  shade.  Culex  sitiens  is  one  of 
these.  It  is  mainly  the  salt-marsh  breeders  which  have  been  described  as 
migrating  long  distances.  They  have  been  reported  from  America  some  forty 
miles  inland.  In  Panama  careful  observations  were  made  on  flights  of  Anopheles 
of  a  mile  across  the  prevailing  wind.  I  have  seen  many  flights  of  C.  gelidus 
and  C.  sitiens .  They  rarely  have  lasted  more  than  a  week,  and  generally  at 
a  particular  season  of  the  year.  I  have  also  seen  enormous  numbers  of  A.  um- 
hrosus  in  the  jungle,  lasting  again  only  a  few  days.  Curiously  enough,  on  one 
occasion  they  did  not  attack  at  night  as  they  did  during  the  day.  Fortunately, 
these  mass  attacks  of  Anopheles  have  proved  to  be  harmless,  or  practically  so, 
to  a  population  free,  or  relatively  free,  from  malaria  ;  and  experience  shows 
these  need  not  act  as  deterrents  to  an  anti-malaria  campaign.  The  same  may 
be  said  of  the  other  migrating  Culicines.  When  once  those  in  the  immediate 
neighbourhood  have  been  eliminated,  it  will  be  easier  to  detect  the  place  from 
which  the  invaders  come.  Test  pools  help  to  determine  this,  but  should  be  used 
with  discretion.  For,  while  they  may  act  as  traps  for  larvae,  they  may  prove 
of  convenience  to  the  adult,  or  delay  her  ultimate  departure.  For  work  against 
mosquitoes  in  general,  the  organization  used  in  the  anti-malaria  and  anti-yellow 
fever  work,  has  merely  to  be  expanded.  Human  nature  being  what  it  is, 
efficient  inspection  is  necessary.  Perhaps,  too,  it  is  not  only  legitimate,  but 
also  wise,  to  utilize  one  of  its  weaknesses  and  to  change  the  brigades 
from  one  district  to  another  from  time  to  time  ;  this  frequently  results  in 
breeding-places,  previously  overlooked,  being  discovered. 

LEGAL. 

When  a  large  anti-malaria  drainage  scheme  is  undertaken  in  a  large  town, 
it  is  futile  to  serve  notices  on  each  owner  requiring  him  to  abate  the  nuisance, 
and  to  undertake  the  portion  of  the  work  on  his  land.  The  best  way  is 
to  construct  and  maintain  the  drainage,  and  to  oil,  or  take  other  measures, 
at  the  public  expense  and  through  the  sanitary  staff.  The  whole  public  benefit, 
and  not  merely  the  owner  of  the  land.  The  cost  may  be  recovered  by  a  special 
malaria  rate.  Only  in  exceptional  circumstances,  as  where  the  drainage  will 
notably  enhance  the  value  of  properties,  should  it  be  necessary  to  assess  the 
owners  on  a  plan  based  on  the  increased  value.  In  large  agricultural  drainage 
schemes  the  assessment  may  be  on  an  acreage  basis. 

Legal  powers  are  therefore  required  to  permit  the  Sanitary  Authority  to 
enter  the  premises,  undertake,  and  maintain  the  necessary  work  ;  and  penalties 
must  be  provided  for  obstruction  and  destruction.  Power  is  also  required  to 
collect  assessment. 

In  declared  sanitary  areas,  penalties  should  be  provided  for  those  breeding 
Jarvae  on  their  premises.  The  prevention  of  mosquito-breeding  should,  however, 
be  expected  not  from  the  infliction  of  penalties,  but  from  organized  work 
undertaken  by  the  Sanitary  Department.  The  penalties  should  only  be  inflicted 
on  those  who  are  obstructive,  and  even  then,  only  after  the  work  has  been  so 
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long  in  progress  as  to  give  the  population  an  opportunity  of  being  educated  to 
its  worth.  To  put  the  matter  briefly,  anti-mosquito  work  is  properly  the  work 
of  a  Sanitary  Authority,  whether  it  be  a  formally  constituted  council  in  a  town, 
or  a  manager  of  a  plantation  or  mine  in  the  country  ;  and  if  it  is  not  properly 
carried  out  and  efficiently  maintained,  the  default  should  be  regarded  more  as 
that  of  the  authority  than  of  the  individual  inhabitant. 
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Gad-flies  ;  March-flies  ;  Breeze-flies  ;  Brimps  ;  Cleggs  ;  Seroots  ;  Dun- 
flies  ;  Stouts ;  Horse-flies  ;  Mangrove-flies  ;  Hippo-flies  ;  Greenheads. 

The  family  Tabanidae,  consisting  of  upwards  of  1,800  species,  is  divided 
into  two  sub-families — Tabaninae  (without  spurs  on  the  hind  tibiae)  and  Pango- 
ninae  (with  spurs  on  the  hind  tibiae).  These  are  further  subdivided  into  between 
thirty  and  forty  genera,  of  which  Tabanus  and  Hcematopota  (Tabaninae)  and 
Pangonia  and  Clirysops  (Pangoninae)  are  the  most  important. 

GEOGRAPHICAL  DISTRIBUTION. 

The  distribution  of  the  Tabanidae  is  world-wide,  there  being  no  country 

known  to  be  entirelv  free  from  them. 

*/ 

STRUCTURE. 

Tabanidae  are  usually  thick-set,  bulky  flies,  though  some  ( Hcematopota , 
Hippocentrum)  are  narrow  and  elongated.  In  length  they  range  from  5  mm. 
to  nearly  30  mm.  Head  large,  concave  or  flattened  behind,  convex  in  front. 
Eyes  large,  occupying  most  of  the  surface  of  the  head  and  often  very  brilliantly 
coloured,  the  colours  disappearing  after  death.  In  the  males  the  eyes  (except  in 
certain  species  of  Clirysops)  meet  in  front,  but  in  the  females  they  are  divided 
by  a  narrow  strip.  Antennae  three-jointed,  the  apical  joint  consisting  of  from 
four  to  eight  annuli.  Proboscis  well  developed,  short  ( Tabanus ,  Hcematopota ) 
or  moderately  short  ( Clirysops )  depending  vertically,  or  long,  projecting  hori¬ 
zontally  (Pangonia).  Palpi  two-jointed.  Thorax  and  abdomen  clothed  with 
fine  hair,  but  without  bristles  (macrochaetae).  Thorax  usually  slightly  narrower 
than  the  head.  Wings  clear,  coloured,  with  more  or  less  sharply  defined  markings 
or  marbled  (Hcematopota),  with  two  submarginal  and  five  posterior  cells  ;  costal 
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(1)  Head  of  Tabanus  ditceniatus  male,  showing  position  of  mouth  parts  in 
repose. 

(2)  Head  of  Tabanus  ditceniatus  male,  showing  mouth  parts  extended  and 
separated. 

(3)  Head  of  Tabanus  ditceniatus  female,  showing  position  of  mouth  parts 
in  repose. 

(4)  Head  of  Tabanus  ditceniatus  female,  showing  mouth  parts  extended  and 
separated. 

(5)  Head  of  Pangonia  riippellii,  female. 

(a,  antenna  ;  p,  palp  ;  pr,  proboscis  ;  ep,  epipharynx  ;  hy,  hypo- 
pharynx  ;  md,  mandibles  ;  1,  labellae.) 
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vein  extending  all  round  the  wing.  Legs  of  moderate  length,  fore  tibiae  often 
dilated,  middle  tibiae  with  two  apical  spurs,  empodia  large.  Abdomen  broad, 
of  seven  visible  segments.  Reproduction  oviparous  ;  larvae  aquatic  or  semi- 
aquatic,  breathing  by  means  of  a  caudal  siphon  ;  pupae  free,  naked. 

SPECIES  OF  IMPORTANCE  TO  MAN. 

The  only  species  convicted  of  being  the  host  of  an  organism  pathogenic  to 
man  is  a  Chrysops  sp. ,  which  according  to  Leiper  is  the  disseminator  of  Loa  loa 
Cobbold.  Mitzmain  has  demonstrated  that  Tabanus  striatus  Fabricius,  can 
spread  the  disease  of  horses  known  as  surra  by  mechanical  transmission,  and 
it  is  probable  that  in  a  similar  way  many  of  the  Tabanidse  can  act  as  carriers 
of  some  of  the  other  forms  of  trypanosomes.  Owing  to  their  bloodthirsty  nature 
most  species  can  cause  considerable  annoyance  to  man,  and  more  particularly 
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Fig.  202.  Antennae  of  the  Tabanidse.  a,  a',  a ",  Silvius  ;  b,  b',  Chrysops  ;  c, 
Rhinomyza  ;  d,  d',  Cadicera  ;  e,  Dorcalcemus  ;  f,  Pangonia  ;  g,  Erephopsis  ; 
h,  Lepidoselaga  ;  i,  i',  Tabanus  ;  j,  j'  Hcematopota  ;  k,  k  ,  Hippo  centrum. 

(After  Castellani  and  Chalmers.) 

to  domestic  and  wild  animals.  Grazing  grounds  infested  with  Tabanidae  are 
very  appreciably  reduced  in  value. 

The  genus  Tabanus  Linnaeus  1761,  is  by  far  the  largest  of  the  family,  con¬ 
taining,  as  it  does,  approximately  half  of  the  known  species.  Its  members 
are  characterized  by  the  shape  of  the  third  antennal  joint  and  by  their  general 
thick-set  appearance.  The  wings  are  clear,  clouded,  or  suffused,  and  when  at 
rest  lie  flat  with  the  tips  separated.  The  proboscis  is  thick,  short,  and  vertically 
dependent.  There  are  no  ocelli. 

Flies  of  the  genus  Hcematopota  Meigen  1803,  are  narrow  and  elongated,  and 
may  be  recognized  by  the  peculiar  marbled  markings  on  the  wings  which,  when 
at  rest,  are  held  in  a  tectiform  position.  The  proboscis  is  comparatively  short 
and  vertically  dependent. 

Chrysops  Meigen  1803,  are  smaller,  shorter  flies,  with  markedly  longer 
antennae.  The  wings  are  invariably  banded  or  suffused,  and  when  at  rest  lie 
flat  with  the  tips  separated.  The  proboscis,  which  is  vertically  dependent,  is 
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less  stout  than  in  the  two  preceding  genera  and  frequently  longer.  There  are 
three  ocelli  on  the  vertex. 

In  the  genus  Pangonia  Latreille  1802,  the  proboscis  projects  horizontally, 
and  in  some  species  is  of  very  considerable  length.  The  antennae  are  short,  as 


Fig.  203.  Tabanus  africanus  Gray  ;  female. 


Fig.  204.  Hcematopota  vittcita  Loew  ;  female  (  x  4). 
(After  Castellani  and  Chalmers.) 


in  Tabanus  and  Hcematopota,  and  the  wings  when  at  rest  lie  flat  with  the  tips 
separated. 

LIFE-HISTORY. 

The  life-histories  of  those  species  of  Tabanidae  which  have  been  studied 
present  a  marked  similarity.  As  a  fairly  typical  species,  Tabanus  ditceniatus 
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Macquart,  may  be  taken.  The  eggs  are  deposited  in  shapely,  compact  masses 
on  blades  of  grass  growing  in  or  overhanging  shallow,  stagnant,  or  slow-moving 
water.  In  size  and  shape  the  egg  masses  vary  considerably— the  average 
number  of  eggs  contained  in  a  mass  is  about  300,  and  the  relative  length  and 


Fig.  205.  Chrysops  wellmani  Austen,  female  (x  4^). 
(After  Castellani  and  Chalmers.) 


Fig.  206.  Pangonia  riippellii  Jiennicke,  female  (  x  3). 
(After  Castellani  and  Chalmers.) 


breadth  of  a  mass  depends  on  the  width  of  the  blade  of  grass  on  which  it  is  placed. 
The  egg  is  spindle  shaped,  1-25  mm.  in  length,  and,  when  first  laid,  yellowish 
white  in  colour,  becoming  darker  at  the  extremities  as  the  embryo  develops. 
The  incubation  period  is  from  five  to  seven  days,  and  the  newly  emerged  larvae, 
which  are  also  yellowish  white  in  colour,  drop  into  the  water  and  bury  themselves 
in  the  mud  at  the  bottom  or  sides  of  the  pool.  They  are  carnivorous,  feeding  on 
any  crustacean,  insect  larva  or  worm  small  enough  for  them  to  capture  and  hold 
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with  their  powerful  mandibles,  and  cannibalistic,  readily  devouring  others  of 
their  species  which  they  are  able  to  overcome.  They  live  either  in  the  mud 
below  the  water,  rising  periodically  to  the  surface  of  the  water  to  breathe,  or  in 
the  mud  at  the  edge  of  the  pool.  They  grow  at  greatly  varying  rates,  and 
the  active  larval  period  may  occupy  from  two  to  two-and-a-half  months. 
The  number  of  times  the  larva  of  T.  ditceniatus  moults  has  not  been 
observed  ;  but  Mitzmain  records  that  the  larva  of  T.  striatus  sheds  its  skin 
three  times  in  the  course  of  its  development  from  egg  to  pupa.  They 
then  seek  drier  quarters  in  the  soil  above  the  water-line,  and  remain  in  a 
quiescent  condition  for  from  ten  days  to  probably  several  months,  when  they 
pupate,  and  about  six  days  later  give  rise  to  adults.  Prior  to  pupating  the 
larva  makes  a  tunnel  in  the  soil  leading  to  the  surface,  the  pupal  stage  being 
passed  in  the  tunnel.  The  pupa  is  provided  with  rings  of  backwardly  projecting 
spines,  by  means  of  which  it  is  enabled  to  work  its  way  to  the  mouth  of  the 
tunnel  to  permit  of  the  adult  escaping.  When  first  formed  the  pupa  is  yellow 
in  colour  with  a  greenish  tinge,  especially  on  the  thorax.  Later,  as  the  image 
within  develops,  the  eyes  show  as  deep  maroon  and  the  thorax  becomes  generallv 
darker. 


Fig.  207.  Tabanus  ditceniatus.  Egg  mass  on  blade  of  grass. 


While  the  life-history  of  T.  ditceniatus  may  be  taken  as  fairly  typical,  a 
number  of  variations  are  met  with  in  different  species.  In  some,  as  T.  biguttatus 
Weidemann,  the  egg  mass  is  covered  with  a  secretion,  and  is  almost  hemispherical 
in  shape.  The  eggs  of  T.  par,  on  the  only  occasion  when  they  have  been  obtained, 
were  not  packed  in  a  mass  but  placed  vertically  and  separately,  though  in  a 
cluster.  Some  species  invariably  oviposit  on  blades  of  grass,  others  on  particular 
varieties  of  water  plants,  while  others  again  deposit  their  eggs  on  rocks.  Usually 
the  newly-hatched  larva  is  very  delicate  and  unable  to  withstand  desiccation, 
but  the  larva  of  T.  par  Walker,  is  peculiarly  resistant  to  adverse  conditions — 
larvae  which  emerged  from  the  egg  at  a  time  when  no  suitable  food  was  obtainable 
have  lived  for  57  days  in  mud  which  during  the  greater  part  of  this  period  was 
air  dry  and  brick-like  in  hardness,  and  have  at  the  end  of  this  time  been  transferred 
to  more  suitable  conditions  and  reared  to  maturity.  In  the  hills  bordering  the 
Red  Sea  on  the  African  coast,  at  least  two  species  of  Tabanids  ( T .  kingi  Austen, 
and  Tabanus  sp.  incert.)  are  met  with  whose  larvae  live  under  stones  in  streams 
which  at  times  become  torrents  and  throughout  most  of  the  season,  when  the 
adults  are  ovipositing,  have  rapid  currents.  These  larvae  have  unusually  well- 
developed  pseudopodia  and  are  capable  of  clinging  to  the  stones  and  rocks  in 
the  swiftest  stream.  The  egg  mass  of  T.  kingi  is  placed  on  rocks  overhanging 
the  stream,  a  little  above  the  water-line,  and  newly  hatched  larvae,  if  placed  in 
•stagnant  water,  perish.  Half- grown  larvae,  however,  thrive  equally  well  in 
stagnant  or  running  water.  The  mature  larva  pupates  under  a  stone  or  rock 
in  the  stream,  and  the  adult,  on  emerging  from  the  pupal  case,  crawls  up  the 
rock  through  the  water  until  it  reaches  the  air. 
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Fig.  208.  Tabanus  ditceniatus  Macquart. 

1.  Lateral  view  of  immature  larva  x  3  diarn. 

2.  Third  and  fourth  abdominal  segments  of  immature  larva  x  6  diam. 

3.  Eighth  abdominal  segment  of  immature  larva  x  6  diam. 

4.  Lateral  view  of  mature  larva  x  3  diam. 

5.  Lateral  view  of  first  and  second  abdominal  segments  of  mature  larva 
x  6  diam. 

G.  Lateral  view  of  anal  segment  of  mature  larva  x  6  diam. 

7.  Posterior  view  of  anal  segment  of  mature  larva  (inverted)  x  G  diam. 

8.  Lateral  view  of  pupa  x  3  diam. 

9.  Lateral  view  of  sixth,  seventh,  and  eighth  abdominal  segments  of  pupa 
x  6  diam. 

10.  Posterior  view  of  eighth  abdominal  segment  of  pupa  (inverted),  x  G  diam. 

(By  permission.  From  the  Fourth  Report  of  the  Wellcome  Research  Laboratories, 

Khartoum.) 

in  more  or  less  well-defined  belts,  the  reason  for  this  being  not  always  apparent. 
On  the  White  Nile,  in  the  Anglo-Egyptian  Sudan,  between  Kosti  and  Rejaf, 
a  distance  of  some  900  miles,  Tabanus  tceniola  Palesot  de  Beauvois,  is  met  with 
throughout  the  entire  reach,  but  a  belt  exists  a  little  south  of  Renk  where  this 
species  is  many  times  more  numerous  than  anywhere  else  on  the  journey. 
Again,  in  the  Anglo-Egyptian  Sudan,  a  belt  of  Pangonia  ruppellii  Jsennicke, 


BIONOMICS. 

The  larvae  of  all  Tabanidac  being,  as  far  as  is  known,  aquatic  or  semi-aquatic, 
it  follows  that  the  adults  are  not,  except  under  rare  circumstances,  met  with 
far  from  water.  Their  favourite  haunts  are  those  where  either  trees,  reeds,  or 
rocks  furnish  shade  and  shelter,  though  the  females  when  in  search  of  food  will 
sometimes  follow  animals  for  considerable  distances.  They  frequently  occur 
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Fm.  1. — Tabanus  ditaeniatus  Macquart.  Female. 
Fig.  2.  —  Tabanus  ditaeniatus  Macquart.  Male. 
Fig.  3. — Tabanus  Jcingi  Austen.  Female. 


Small  illustrations  indicate  natural  size. 

(From  the  Fourth  Report  of  the  Wellcome  Tropical  Research  Laboratories,  Khartoum.) 


TABANIDiE 


417 


stretches  from  Kassala  Province  in  the  extreme  east  to  Darfur  in  the  extreme 
west.  The  limits  of  this  belt  are  not  clearly  defined,  and  the  fly  is  comparatively 
rare  throughout  the  belt,  yet  this  species  has  not  been  recorded  from  the  Anglo- 
Egyptian  Sudan  except  within  its  limits.  Some  Tabanidae  (e.  g.  certain  species 
of  Chrysops)  are  very  local  in  their  distribution,  while  others,  such  as  Tabanus 
tceniola,  which  occurs  throughout  Africa,  are  met  with  over  wide  areas. 


Fig.  209.  Tabanus  kingi  Austen. 

1 .  Lateral  view  of  mature  larva  x  3  diam. 

2.  Egg  mass  x  6  diam. 

3.  Lateral  view  of  fourth  and  fifth  segments  of  mature  larva  x  6  diam. 

4.  Lateral  view  of  anal  pseudopod  of  mature  larva. 

5.  Posterior  view  of  anal  segment  of  mature  larva  (inverted)  x  6  diam. 

6.  Lateral  view  of  pupa  x  3  diam. 

7.  Lateral  view  of  anal  segment  of  pupa  x  6  diam. 

8.  Posterior  view  of  anal  segment  of  pupa  (inverted)  x  6  diam. 

(By  permission.  From  the  Fourth  Report  of  the  Wellcome  Tropical  Research 
Laboratories,  Khartoum.) 

With  a  few  possible  exceptions  the  females  of  all  species,  while  not  necessarily 
entirely  dependent  upon  blood  for  food,  are  blood-suckers  when  occasion  offers. 
Certain  of  the  Pangonia  spp.,  owing  to  the  great  length  of  their  proboscides, 
appear  ill-adapted  for  blood-sucking.  They  can  and  do  feed  on  the  nectar  of 
flowers  and  on  the  sugary  secretions  of  Homopterous  insects,  but  for  the  majority 
of  the  well-known  species,  blood  constitutes  their  main  diet,  and  is  probably 
necessary  for  the  development  of  ova.  The  males,  on  the  other  hand,  do 
hot  suck  blood.  It  is  possibly  owing  to  the  lack  of  the  blood-sucking  habit 
in  the  male  that  specimens  of  this  sex  are  comparatively  rarely  met  with 
in  collections  ;  in  many  species  the  male  is  unknown.  When  breeding  investiga¬ 
tions  are  undertaken,  or  one  is  fortunate  enough  to  witness  a  general  emergence 
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of  adults  under  natural  conditions,  the  sexes  appear  to  be  about  equally  repre¬ 
sented,  but  whereas  the  females  follow  game  and  domestic  animals  or  man  in 
search  of  food,  the  males  frequent  flowering  trees  and  shrubs  and  plants  infested 
with  plant  lice  and  scale  insects,  and  so  are  far  less  likely  to  be  noticed. 

Although  Tabanidse  do  attack  man,  they  are,  generally  speaking,  pests  of 
animals — cattle,  horses,  game  animals,  hippopotami,  etc. — and  to  a  less  extent 
reptiles,  such  as  crocodiles.  The  parts  of  an  animal  most  subject  to  attack  are 
the  legs,  under-surface  of  the  body  and  head,  but  in  the  case  of  man,  the  back 
and  shoulders  are  the  sites  usually  selected  by  a  Tabanid  in  search  of  blood. 
A  characteristic  habit  in  the  female  of  many  species,  having  alighted  upon  an 
animal,  is  that  of  patting  and  exploring  the  surface  with  her  partially  extended 
fore-legs,  apparently  in  search  of  a  suitable  place  in  which  to  insert  her  piercing 
mouth  parts.  The  insertion  of  these  mouth  parts  causes  a  clean-cut  puncture 
in  the  skin  of  the  host,  which  experiences  a  sharp  j^ricking  pain.  The  pain  is, 
however,  of  very  short  duration,  and  there  is  rarely  any  swelling  or  irritation  at 
the  site  of  the  puncture.  In  fact,  from  the  point  of  view  of  discomfort,  the  bite 
of  a  Tabanid  is  much  to  be  preferred  to  the  bite  of  a  mosquito  or  Phlebotomid. 
Tabanidse  are  essentially  diurnal  in  their  habits,  being  most  active  during 
the  hours  of  sunshine.  Occasional  specimens,  frequently  males,  will  come  to 
artificial  light  at  night,  but  these  have  probably  been  disturbed  from  their 
resting-places.  While  usually  wary  and  difficult  to  capture,  the  females  of  some 
species — e.  g.  Tabanus  biguttatus  and  T.  kingi — -when  engaged  in  egg-laying 
appear  to  lose  all  sense  of  danger.  The  blade  of  grass  on  which  a  female  T.  bigut¬ 
tatus  is  ovipositing  may  be  plucked  and  carried  away  without  causing  the  fly 
to  cease  the  operation. 

In  tropical  countries  Tabanidae  occur  in  their  greatest  numbers  during  the 
rainy  season,  and  in  districts  where  this  season  is  short  they  are  probably  single- 
brooded.  Where  the  rainy  season  is  protracted,  more  than  one  generation  in 
the  year  may  be  expected. 

In  the  laboratory  newly- hatched  Tabanid  larvae — except  of  those  species 
whose  immature  stages  are  found  in  rapidly  running  streams — may  be  reared  to 
maturity  with  little  trouble.  The  procedure  usually  adopted  is  that  of  placing 
each  larva  separately  in  a  dish  containing  mud  or  sand  and  water,  but  by  far 
the  best  method  has  been  suggested  by  W.  Marchand,  who  recommends  con¬ 
fining  the  larvae  separately  in  test-tubes  with  water  and  a  small  roll  of  filter  paper. 
In  a  five-inch  test  tube,  containing  a  three-inch  roll  of  filter  paper  and  an  inch  of 
water,  a  larva  will  remain  perfectly  healthy,  and  its  feeding  habits  and  ecdyses 
can  readily  be  observed.  A  piece  of  muslin  should  be  secured  over  the  mouth  of 
the  test  tube,  both  to  prevent  the  escape  of  the  larva  and  to  check  evaporation. 

NATURAL  ENEMIES. 

Adult  Tabanids  are  preyed  upon  to  a  certain  extent  by  insectivorous  birds, 
and  by  predaceous  insects  such  as  Asilidce  and  Benibecidce.  The  larvae  of  most 
species  are  cannibalistic,  and  doubtless  many  are  destroyed  by  members  of 
the  same  or  allied  species,  and  by  other  carnivorous  insect  larvae.  Finally,  the 
eggs  are  subject  to  the  attack  of  minute  parasitic  Hymenoptera  of  the  genera 
Telenomus  and  Phanurus. 

ASSOCIATION  WITH  DISEASE. 

As  noted  above,  a  species  of  Chrysops  has  been  proved  by  Leiper  to  be  the 
host  of  Loa  loa,  which  is  thought  to  be  the  causal  agent  of  the  so-called  Calabar 


TABANIDiE 


419 


Swellings,  and  Tabanus  striatus  is  known  to  be  capable  of  spreading  surra  among 
horses.  Brumpt  and  Pedroso  consider  that  Tabanids  are  to  be  suspected  as 
possible  carriers  of  espundia  (Leishmaniasis  Americana).  Tabanus  ditceniatus 
is  suspected  of  carrying  m’bori  in  Timbuctu,  and  souma  in  Segar — both  diseases 
of  camels.  In  Algeria  a  trypanosomiasis  of  camels  is  spread  by  Tabanus 
nemoralis  Mg.,  and  Tabanus  nigritus  Fabr.  Noller  states  that  Trypanosoma 
theileri  Laveran,  a  non-pathogenic  organism  found  in  the  blood  of  cattle  and 
wild  ruminants,  passes  its  developmental  stages  in  Tabanus  glaucopsis  Mg. ;  and 
Reiter  has  adduced  evidence  pointing  to  the  possibility  of  Weil’s  disease 
(infectious  jaundice)  being  carried  by  Tabanids.  Many  species  of  Tabanidte  are 
known  to  harbour  flagellates. 

Although  there  is  little  definite  proof  that  Tabanidte  are  the  carriers  of 
organisms  pathogenic  to  man  or  animals,  it  is  nevertheless  significant  that  natives 
in  various  parts  of  Africa,  particularly  in  those  districts  having  a  short  rainy 
season,  are  almost  unanimous  in  their  belief  that  the  heavy  losses  they  frequently 
suffer  among  their  flocks  and  herds  are  due,  directly  or  indirectly,  to  the  bites 
of  Tabanids  of  one  kind  or  another.  Excellent  grazing  grounds  are  deserted  at 
certain  seasons  of  the  year  owing  to  the  appearance  of  these  flies,  even  though 
they  may  not  be  present  in  sufficient  numbers  to  torment  the  animals  seriously. 
It  should  be  noted,  however,  that  the  most  conspicuous  of  the  blood-sucking  flies 
which  attack  animals  are  Tabanidae,  and  the  diseases  may  be  carried  by  other 
less  noticeable  flies  which  occur  at  the  same  season  of  the  year.  The  subject  is 
well  worthy  of  investigation. 

PROPHYLAXIS. 

Taking  advantage  of  the  habit  possessed  by  many  species  of  the  genera 
Tabanus  and  Chrysops  of  touching  momentarily  the  surface  of  the  water  as 
they  fly  over  it,  Portchinsky  has  succeeded  in  killing  large  numbers  of  adults 
by  covering  the  surface  of  water  in  stagnant  pools  with  a  film  of  paraffin,  though 
it  was  found  that  very  many  more  males  than  females  could  be  destroyed  in 
this  way.  The  film  of  paraffin  would  doubtless  also  cause  the  deaths  of  any 
newly-hatched  larvae  falling  on  to  it.  The  same  investigator  states  that  Hcema- 
topota  spp.  are  attracted  by  black  surfaces  and  repelled  by  white  ones,  and  that 
it  is  possible  to  capture  them  by  means  of  black  shields  covered  with  some  sticky 
material  carried  along  paths  which  the  flies  frequent  by  persons  dressed  in  white. 
Tabanidae  are,  however,  woodland  rather  than  domestic  insects,  and  measures 
such  as  the  above  are  not  usually  practicable  on  the  large  scale  which  would 
be  required.  Except  by  the  use  of  repellants,  little  can  be  done  to  protect 
animals  from  their  attacks  over  other  than  limited  areas. 
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The  non-bloodsucking  flies  of  the  Order  Diptera  bear  a  threefold  relation¬ 
ship  to  the  health  of  man  and  animals.  In  this  group  are  found  almost  all  of 
the  so-called  domestic  or  house-flies  and  many  of  the  annoying  flies  and  gnats 
that  worry  man  and  animals  by  constantly  hovering  about  and  alighting  on  their 
bodies  to  sip  the  body  secretions. 

If  the  house-flies  had  no  relationship  whatever  to  actual  carriage  or  causation 
of  disease  they  would  be  important  to  the  sanitarian,  because  of  the  distress  and 
worry  caused  by  their  presence. 

But  we  have  two  severe  indictments  to  bring  against  these  flies.  They  do 
carry  many  types  of  disease  organisms,  and  many  species  of  flies  are  actually  the 
active  causative  agencies  of  disease,  which  are  grouped  under  the  general  term 
myiasis.  It  has  seemed  best  to  treat  the  subject  therefore  in  two  parts,  first 
handling  those  species  involved  in  disease  carriage,  and  secondly  those  involved 
in  disease  causation. 

1.  NON-BLOODSUCKING  FLIES  AS  CARRIERS  OF  DISEASE. 
DEFINITION  OF  GROUP. 

We  consider  under  this  category  those  species  of  flies  which  have  been  shown 
to  be  involved  in  the  transmission  of  disease  organisms  to  man  or  animals,  but 
which  are  unable  to  inoculate  the  host.  They  accomplish  the  infection  in  a  more 
or  less  indirect  manner,  but  never  by  the  bite.  Most  of  the  species  are  found  in 
houses,  or  directly  associated  with  man  or  animals.  As  a  rule  they  breed  in 
refuse  and  contaminated  substances. 

LIST  OF  SPECIES. 

The  following  species  will  receive  primary  consideration  in  this  section  : 

Musca  domestica  L.,  the  house  or  typhoid  fly,  a  ubiquitous  insect  (fig.  210). 

Calliphora  vomitoria  L.  (fig.  211),  and  C.  erythrocephala  Meig.,  the  bluebottle 
flies,  almost  cosmopolitan  in  distribution. 

Lucilia  ccesar  L.  (fig.  213),  and  L.  sericaia  Meig.,  the  greenbottle  flies, 
known  also  as  blow-flies  and  sheep-maggot  flies. 

Muscina  stabulans  Fallen  (fig.  214),  the  non-biting  stable-fly. 

Sarcophaga  carnaria  L.,  a  European  flesh  fly. 

Eristalis  ienax  L.,  a  rat  tail  maggot-fly. 

Microneurum  funicola  Meijere,  a  little  gnat. 
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Oscinis  pallipes  Loew,  a  West  Indian  gnat. 

Borborus  punctipennis  Macquart  ( Limosina ),  another  West  Indian  gnat. 

Fannia  canicularis  L.  (fig.  215),  and  F.  scalaris  Fabr.,  latrine  flies. 

STRUCTURE  AND  LIFE-HISTORY. 

These  insects  are  all  true  Diptera,  that  is,  they  are  possessed  of  but  a  single 
pair  of  membranous  wings.  They  belong  to  several  families  and  consequently 
are  very  different  in  structure  and  also  differ  in  life-history.  In  general,  however, 
they  pass  through  a  complete  metamorphosis,  consisting  of  egg,  larva,  pupa,  and 
adult.  The  pupa  is  formed  within  a  pupa  case  consisting  of  the  uncast  last 
larval  skin,  and  called  a  puparium. 

The  larvae  or  maggots  of  these  flies  are  whitish  or  brownish  in  colour,  with¬ 
out  legs,  but  in  certain  cases  with  ornamental  processes.  The  body  consists  of 
head,  three  thoracic  segments,  and  ten  abdominal  segments,  of  which  the  last 
two  are  often  very  small  and  located  around  the  anus.  Differential  characters 
in  fly  larvae  are  found  most  frequently  in  the  spiracles.  The  mesothoracic 
spiracles  appear  to  be  located  often  on  the  prothorax,  and  consist  often  of  several 
lobes,  varying  according  to  species.  The  first  seven  abdominal  spiracles  are 
usually  rudimentary,  although  under  a  microscope  they  can  sometimes  be 
found.  The  eighth  abdominal  spiracles  are  large  and  conspicuous  and  usually 
form  two  plates  on  what  appears  to  be  the  last  dorsal  segment.  These  spiracles 
afford  absolute  characters  for  differentiation  of  most  of  our  common  flies. 

The  PUPiE  are  formed  within  the  puparium  or  last  larval  skin  and  become  very 
hard  and  usually  turn  to  some  shade  of  brown.  These  puparia  afford  differential 
characters  but  they  have  not  to  date  been  sufficiently  carefully  studied. 

The  adult  flies  are  usually  classified  by  wing,  eye,  and  hair  characters,  but 
the  best  final  specific  characters  are  to  be  found  in  the  concealed  terminal 
abdominal  segments,  which  can  easily  be  pressed  out  and  fixed.  One  of  the 
writers  is  at  present  engaged  in  co-ordinating  the  nomenclature  of  these  parts, 
so  that  these  flies  can  be  described  more  completely.  The  necessity  of  this  know¬ 
ledge  is  apparent  when  one  considers  that  a  medical  determination  may  have  to 
be  made  on  specimens  denuded  of  wings  and  hairs  and  even  head.  If  the  abdo¬ 
men  is  uninjured,  determination  will  still  be  possible  and  exact. 

Nothing  will  be  said  in  the  discussion  of  the  various  flies  as  to  their  length 
of  life  or  reactions  to  climatic  conditions,  because  the  work  which  has  been 
done  on  them  was  done  under  temperate  or  semi-tropical  conditions  and  not 
under  tropical,  and  to  quote  records  so  far  published  without  a  thorough  state¬ 
ment  of  the  biothermic  laws  of  behaviour  for  a  given  species  would  be  the  pos¬ 
sible  cause  of  grave  errors  in  interpretation.  These  laws  have  not  been  worked 
out  for  any  of  these  important  species. 

The  development  of  an  insect  may  take  place  in  a  very  short  time  or  may  be 
lengthened  out  to  almost  indefinite  periods,  according  to  conditions.  One  man’s 
results  may  be  absolutely  different  from  another’s,  and  both  be  absolutely  true. 
The  reasons  for  this  are  that  insect  development  depends  upon  the  nature  and 
condition  of  the  food,  temperature,  humidity,  atmospheric  pressure,  evaporation, 
and  probably  inheritance.  It  is  possible  to  frame  laws  of  behaviour  with  regard 
to  most  of  these  factors. 

For  instance,  when  we  consider  mean  temperature  and  relative  humidity,  we 
are  using  factors  in  which  also  evaporation  and  pressure  are  involved.  We  can 
obtain  death  of  any  of  these  species  from  either  cold  or  heat,  very  high  or  very 
low  humidity. 
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We  can  suspend  activity  or  development  by  means  of  these  same  factors. 
We  can  increase  development  to  its  optimum  by  selecting  just  the  right  combina¬ 
tion  of  factors.  Hence,  in  reverse,  if  we  can  learn  these  laws,  we  can  retard 
development  and  reduce  the  chances  of  life  by  altering  breeding  conditions  until 
the  combination  of  factors  is  least  favourable  to  development. 

Our  discussion  of  prophylaxis  has  distinctly  taken  these  facts  into  consideration. 

We  have  not  reached  the  limit  of  our  knowledge  of  fly  migration.  There 
are  now  definite  proofs  of  flights  of  fifteen  miles  by  marked  flies  and  circum¬ 
stantial  evidence  of  flights  of 
fifty  to  ninety  miles.  Such 
being  the  case,  it  is  idle  to 
give  present  inadequate  data. 

The  so-called  hibernation 
of  insects  is  really  a  state  of 
anaesthesia  which  may  be 
induced  as  readily  by  cold, 
dryness,  or  heat,  if  properly 
applied.  In  arid  countries 
flies  and  other  insects  may 
exist  in  the  same  state  of 
anaesthesia  through  intense 
heat  in  the  summer  and  ex¬ 
treme  cold  in  the  winter, 
because  of  the  absence  of 
moisture,  whereas  with  mois¬ 
ture  they  might  be  active  or, 
on  the  other  hand,  might  die. 

There  are  certain  fea¬ 
tures  OF  THE  FLY  ANATOMY 
WHICH  HAVE  A  BEARING  ON 
DISEASE  TRANSMISSION. 

We  may  set  forth  certain 
general  rules  as  to  the  course 
of  disease  organisms  in  case  of 
insect  carriage.  The  organ¬ 
isms  may  be  carried  externally 
or  internally.  If  internally  carried,  their  normal  course  is  to  follow  the  path  of 
all  other  food  taken  into  the  fly  body,  that  is,  through  the  intestinal  canal  and 
ont  of  the  rectum  in  the  faeces.  Certain  insects,  however,  have  the  habit  of 
regurgitating  their  food,  and  our  common  flies  are  among  these.  The  food  is 
taken  up  faster  than  the  stomach  can  digest  it,  so  the  surplus  is  stored  in  a  large 
crop.  The  greedy  flies  eat  so  much  that  they  are  forced  often  to  vomit,  or  at 
other  times  they  find  the  food  too  hard  and  must  soften  it  by  regurgitating 
a  quantity  of  liquid.  The  flies  mentioned  in  this  chapter  only  take  up  liquids 
and  fine  particles  of  solid  matter.  The  result  is  that  non-bloodsucking  flies 
have  two  ways  of  depositing  disease  germs  which  are  travelling  normally  through 
the  body  with  the  food,  that  is  by  regurgitation  and  by  excretion.  In  either  case 
it  is  not  pleasant  to  think  of  their  contamination  of  our  food. 

No  organism  without  the  power  of  independent  motion  can  possibly  pass 
through  the  fly  body  in  any  other  way.  If,  however,  we  should  be  dealing  with 
a  protozoon,  a  motile  bacterium,  or  a  parasitic  worm,  we  could  expect  a  migration 


Fig.  210.  The  house-fly,  Musca  domestica.  Original 
retouched  photo  by  W.  N.  Dovener. 
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through  tissues  and  a  possible  emergence  from  the  mouth  at  the  time  of  feeding 
or  a  penetration  into  the  eggs  and  hereditary  transmission. 

These  general  principles  must  be  taken  into  consideration  in  any  study  of 
disease-carrying  insects. 

The  house-fly.  Musca  domestica  (fig.  210)  is  a  dark  grey,  medium-sized 
fly,  with  four  parallel  black  stripes  on  the  dorsum  of  the  thorax,  and  a  large 


Fig.  211.  The  bluebottle  fly,  Calliphora  vomitoria. 

Original  retouched  photo  by  W.  N.  Dovener. 

yellow  area  on  the  sides  of  the  abdomen.  Its  mouth  parts  are  modified  into 
a  sucker,  so  that  only  liquid  and  minute  particles  of  solid  food  can  be  taken  up. 
The  fly  averages  one-quarter  inch  (6  mm.)  in  length.  The  eggs  are  elongate, 
white,  and  laid  in  masses  in  manure,  garbage,  and  other  refuse.  The  larvae  are 
white,  legless  maggots,  distinguishable  because  of  the  large  stigmal  plates  on 
the  abdomen,  each  with  three  winding  slits.  The  mouth  has  one  large  chitinous 
‘hook,  which  can  be  retracted.  The  anterior  spiracles  have  six  or  seven  lobes, 
Other  species  of  the  genus  in  tropical  countries  can  be  distinguished  in  the  larval 
stage  by  slight  differences  in  the  stigmal  plates,  jj 

Bluebottle  flies.  Calliphora  vomitoria  (fig.  211),  and  C.  erytlirocephala 


424 


ENTOMOLOGY 


are  both  large  blue  flies,  averaging  three-eighths  to  seven-sixteenths  of  an  inch 
in  length  (9j  to  11  mm.),  and  are  rather  difficult  to  distinguish.  The  genae  or 
cheeks  of  vomitoria  are  black  and  beset  with  golden  red  hairs,  while  in  erythro- 
cephala  they  are  fulvous  to  golden  yellow  and  beset  with  black  hairs.  The  eggs 
are  white  and  deposited  in  batches  of  as  many  as  300  upon  any  fresh,  decaying, 
or  cooked  meat,  in  human  excrement,  and  also  in  open  flesh  wounds.  The  larvae 
are  distinguishable  from  those  of  the  house-fly  by  having  nine  to  twelve  lobes 
on  the  anterior  spiracles,  two  large  chitinous  mouth  hooks,  and  stigmal  plates 
with  three  straight  slits  (fig.  212),  directed  principally  toward  the  opposite 
plate. 

Greenbottle  flies.  Lucilia  ccesar  (fig.  213)  is  of  a  brilliant  burnished 
gold  with  a  bluish-green  or  shining  green  colour.  It  is  primarily  an  out-of-door 
fly,  but  is  occasionally  found  indoors,  especially  in  farm  and  country  houses. 
The  adults  are  strongly  attracted  to  meat  and  carcasses  in  which  they  lay  their 


spiracles  ;  d,  ventral  fusiform  area  ;  e,  lateral  fusiform  area  ;  f,  anal  tubercle  ; 
g,  apical  spines  :  h,  stigmal  field  containing  posterior  stigmal  plates  ;  i,  spiracle 
of  Calliphora  erythrocephala.  (After  Banks.) 

eggs.  The  eggs  are  also  deposited  on  human  and  animal  excrement,  and  in  open 
flesh  wounds.  The  larvae  are  very  similar  to  those  of  Calliphora. 

L.  sericata  is  a  common  American  greenbottle  fly,  which  breeds  in  meat  and 
animal  refuse,  and  is  often  found  in  dwellings.  It  ranges  in  colour  from  brilliant 
bluish-green  to  a  dark  metallic  bronze  green,  and  is  without  stripes  or  other 
markings.  It  attacks  ulcers  and  sores  on  man  or  animals,  and  its  most  common 
attack  on  sheep  and  calves  is  made  on  the  soiled  rumps  of  animals  suffering 
from  diarrhoea.  It  is  not  at  all  unlikely  that  it  may  serve  as  a  distributor  of 
diarrhoea. 

Among  other  species  whose  habits  would  indicate  the  probability  of  disease 
carriage,  it  is  well  to  mention  the  following  at  this  time. 

The  non-biting  stable-fly.  Muscina  stahulans  (fig.  214),  greatly  resembles 
the  house-fly,  but  is  a  little  more  robust.  It  is  grey  and  has  the  thorax  marked 
with  two  short  black  stripes  and  two  fainter  lateral  stripes.  The  two  flies  are 
separated  principally  by  differences  in  wing  venation.  The  larva,  however, 
is  easily  distinguished  by  its  six-lobed  anterior  spiracles  and  stigmal  plates 
with  three  very  short  slits  pointing  towards  those  of  the  opposite  plate.  The 
species  breeds  in  decaying  and  live  vegetable  matter,  human  and  animal  excreta, 
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Fig.  213.  The  greenbottle  fly,  Lucilia  ccesar.  Original  retouched 

photo  by  W.  N.  Dovener. 


Fig.  214.  The  non-biting  stable-fly,  Muscina  stabulans.  Original 
retouched  photo  by  W.  N.  Dovener. 
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and  also  in  raw  and  cooked  meats,  and  in  carcasses.  It  possesses  all  of  the 
opportunities  for  disease  carriage  possessed  by  the  house-fly,  and  may  be 
confused  with  it  in  medical  literature. 

Latrine  flies.  Fannia  canicularis  (figs.  215  and  216)  and  F.  scalaris 
(fig.  217)  are  two  flies  found  commonly  in  houses,  which  greatly  resemble  the 
house-fly.  They  have  only  three  dark  stripes  on  the  thorax  instead  of  four. 
The  larvae  are  very  different  from  those  of  any  of  the  flies  so  far  mentioned, 
in  that  they  are  provided  with  many  tubercles  and  processes.  The  posterior 
spiracles  do  not  form  plates  as  in  the  other  species,  but  are  located  on  lobes. 
These  flies  breed  in  excrement  and  all  kinds  of  decaying  vegetable  matter. 

They  will  again  be  mentioned  in 


the  section  on  myiasis. 

The  gnats  mentioned  above  and 
many  other  species  breed  in  excre¬ 
ment  and  are  particularly  attracted 
to  the  eyes,  nose,  ears,  and  mouth 
in  search  of  liquid  secretions.  They 
are  very  annoying,  and  also  capable 
of  transferring  disease  organisms 
found  in  those  locations. 


BIONOMICS. 


It  can  readily  be  understood 
that  insects  which  pass  their  larval 
development  in  contaminated  sub¬ 
stances,  and  which  as  adults  fre¬ 
quent  such  places  may  be  of  great 
importance  to  the  welfare  of  man 
and  animals,  more  particularly  if 
they  come  into  intimate  contact 
with  them.  It  happens  that  all 
these  insects  mentioned  above  do 
have  that  contact.  All  insects 
which  breed  in  or  visit  excreta,  and 
which  also  frequent  the  food  or 
come  in  contact  with  the  body,  are 
to  be  regarded  as  potential  disease 
carriers.  In  tropical  countries  the  number  of  such  insects  will  be  greatly 
increased  over  that  experienced  in  temperate  climates,  and  there  will  also  be 
more  diseases  to  be  guarded  against. 

As  a  matter  ol  general  importance,  practitioners  in  the  tropics,  if  they  have 
the  time,  should  carefully  observe  the  species  of  insects  commonly  found  on 
food  and  in  habitations,  and  make  an  effort  to  learn  where  these  insects  are 
normally  breeding.  TV  ith  such  information,  in  case  of  an  outbreak  of  a  disease 
in  which  insect  carriage  might  be  suspected,  prophylactic  measures  can  quickly 
be  formulated. 


Fig.  215.  The  lesser  house-fly,  Fannia 
canicularis.  Original  retouched  photo  by 
W.  N.  Dovener. 


ASSOCIATION  WITH  DISEASE. 

It  was  long  supposed  that  if  the  flies  played  an  important  role  in  disease 
transmission  it  would  be  largely  by  the  carriage  of  the  organisms  on  their  legs 
or  bodies  from  infected  substances  to  food  or  wounds.  But  many  organisms 
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Fig.  216.  Larva  of  Fannia  caniculans. 
Drawn  by  H.  Bradford. 


Fig.  217.  Larva  of  Fannia  scalaris. 
Drawn  by  H.  Bradford. 
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have  now  been  proven  to  be  fly  transmitted,  and  we  know  that  the  external 
carriage  is  by  no  means  the  most  important. 

We  owe  to  Cao,  the  Italian  investigator,  the  most  important  step  in  proving 
the  fullness  of  the  role  of  the  fly  and  other  insects  in  disease  transmission.  He 
published  his  results  in  1905  and  1906,  but  his  work  was  generally  overlooked 
until  long  after  Faichnie,  in  1909,  and  Bacot,  Ledingham,  and  Graham-Smith  in 
1911  and  1912,  had  unwittingly  corroborated  the  general  principles  involved  in 
his  results. 

Working  with  the  larvae  and  adults  of  M.  domesticate,  vomitoria ,  L.  ccesar,  and 
S.  carnaria,  he  proved  that  the  larvae  of  these  flies  could  take  up  and  pass  through 
their  intestines  any  bacteria  in  their  food,  and  that  all  four  species  acted  exactly 
alike  in  this  respect.  Step  by  step  he  proved  that  fly  larvae  take  up  bacteria 
from  their  food,  and  when  breeding  in  infected  foods  may  take  up  disease  germs 
as  well  as  non-pathogenic  germs  ;  that  these  germs  may  pass  unaltered  through 
an  insect’s  intestine  and  out  in  its  faeces  ;  that  some  of  them  may  remain  for 
a  long  period  in  the  intestinal  canal,  and  some  even  may  multiply  therein  ;  that 
they  may  be  taken  up  by  a  larva  and  persist  through  its  metamorphosis  until  it 
arrives  at  the  adult  stage,  and  for  days  thereafter,  and  may  be  carried  by  this 
adult  and  deposited  with  its  faeces  on  food  or  excrement  ;  and  that  these  bacteria 
will  also  be  found  in  the  glutinous  substances  surrounding  the  eggs  when  depo¬ 
sited,  and  thus  contaminate  the  substance  in  which  the  newly-born  larvae  will 
feed  ;  and  of  course  be  taken  up  by  the  second  generation  and  possibly  be  distri¬ 
buted  farther  by  it. 

On  the  other  hand,  although  many  bacteria  pass  freely  through  the  fly  larvae, 
Ledingham,  Nicholls,  and  Graham-Smith  have  shown  that  the  fly  larvae  have 
great  powers  of  destroying  micro-organisms,  due  to  the  fact  that  many  of  these 
are  not  adapted  to  the  conditions  prevailing  in  the  interior  of  the  larva  or  pupa, 
or,  perhaps  more  correctly,  due  to  the  hostile  action  of  bacteria  which  more 
normally  frequent  the  intestines  of  the  larvae.  These  normal  inhabitants  of  the 
fly  intestine  are  principally  non-lactose  fermenting  organisms. 

Not  only  bacteria,  but  protozoa,  such  as  the  amoebae  of  dysentery,  and  also 
the  eggs  of  parasitic  worms,  may  be  taken  up  by  fly  larvae  or  adults  and  deposited 
in  the  faeces.  Roubaud  has  brought  out  the  fact  that  multitudes  of  the  dysen¬ 
tery  amoebae  taken  up  by  adult  flies  and  deposited  in  their  faeces,  die  because  of 
the  rapid  drying  of  the  faeces,  and  he  credits  the  fly  with  being  a  great  agent  in 
the  destruction  of  multitudes  of  protozoa,  while  granting  the  equally  great 
opportunity  of  the  fly  to  contaminate  food  therewith. 

The  transmission  of  disease  by  non-bloodsueking  flies  is  exclusively  by  con¬ 
tamination  either  of  food,  water,  wounds,  or  the  surface  of  the  body,  This 
contamination  may  be  by  the  simple  depositing  of  disease  germs  carried  on  the 
body  of  the  flies,  or  by  regurgitation,  or  the  deposition  of  faeces.  Wherever  a  fly 
alights  and  remains  a  few  minutes  it  deposits  either  vomit  or  faeces.  By  the 
nature  of  its  breeding  it  is  hardly  to  be  expected  that  these  deposits  will  not 
contain  some  kind  of  organisms.  If  these  deposits  are  made  on  the  moist  media 
offered  by  foods  the  germs  may  easily  retain  their  virulence  until  eaten. 

As  flies  can  travel  considerable  distances  (at  least  fifteen  miles),  the  existence 
of  a  single  contagious  disease  case  with  insanitary  conditions  is  immediately 
a  menace  to  all  the  population  within  reach  of  the  flight  of  a  fly,  and  in  increasing 
distances  as  time  increases  the  possibility  of  fly  dispersion.  It  is  because  of 
the  total  lack  of  sanitary  waste  disposal  in  rural  and  sparsely  settled  districts 
that  intestinal  diseases  obtain  such  a  hold  on  these  districts.  In  the  tropics 
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it  is  imperative  that  Europeans,  who  are  not  immune  to  the  diseases  of  the 
country,  should  keep  themselves  and  their  food  from  fly  contamination. 

Let  us  now  review  the  evidence  of  disease  transmission  which  has  been 
accumulated  against  the  flies. 

The  following  micro-organisms  have  been  found  capable  of  passing 

THROUGH  THE  INTESTINES  OF  THE  LARVAE  IN  ALL  STAGES  OF  GROWTH  AND  OF 
PERSISTING  IN  THE  BODY  THROUGH  PUPATION  TO  MATURITY  .*  Sarcina  aurailtiaca 

Lindner  &  Koch  in  71/.  domestica ,  C.  vomitoria ,  S.  carnaria,  and  L.  ccesar 
(Cao,  1906)  ;  Bacillus  dy sentence  (‘  Y  ’,  Hiss  and  Russell)  in  71/.  domestica 
(Tebbutt,  1913)  ;  B.  ruber  kielensis  Breunig  in  the  four  species  (Cao)  ;  and 
B.  typhosus  Eberth  in  71/.  domestica  (Ledingham,  1911). 

In  the  following  list  all  of  the  above  has  been  proven  and  also  the 

ORGANISM  HAS  BEEN  FOUND  ON  THE  EGGS  OF  THE  FLY  AT  THE  TIME  OF  DEPOSI¬ 
TION  :  Bacillus  A  Ledingham,  in  71/.  domestica  (Tebbutt)  ;  Bacterium  anthracis 
Davaine  in  the  four  species  (Cao),  and  in  C.  erythrocephala ,  L.  ccesar,  and  71/. 
domestica  (Graham-Smith,  1912)  ;  Bacillus  fiuorescens  liquifaciens  Fluegge  in 
the  four  species  (Cao)  ;  and  B.  prodigiosus  Ehrenberg  in  the  four  species  (Cao, 
with  supplementary  evidence  by  Ledingham  and  also  Graham-Smith). 

In  the  following  list  the  organism  has  been  found  capable  of  passing 

THROUGH  THE  INTESTINES  OF  THE  LARVAE  AND  OF  PERSISTING  IN  THE  BODY 
THROUGH  PUPATION  TO  MATURITY,  AND  IN  ADDITION  OTHER  OBSERVERS  HAVE 
ACTUALLY  FOUND  THE  ORGANISM  CARRIED  IN  NATURE  ON  THE  BODY  OR  IN  THE 

intestines  :  Staphylococcus  pyogenes  citreus  Passet  in  the  four  species  (Cao), 
and  in  nature  on  71/.  domestica  (Scott,  1917)  ;  Bacillus  A  Ledingham,  in  M. 
domestica  (Tebbutt)  ;  Bacillus  of  Morgan  in  M.  domestica  experimentally 
(Graham-Smith),  and  naturally  in  the  intestines  (Nicoll  ;  Morgan  and  Leding¬ 
ham,  Cox,  Lewis,  and  Glynn  ;  Graham-Smith)  ;  and  B.  pyocyaneus  Gessard  in 
M.  domestica  experimentally  (Bacot  and  Ledingham,  1911),  and  naturally  on 
the  body  (Cox,  Lewis,  and  Glynn,  1912). 

The  FOLLOWING  ORGANISMS  HAVE  BEEN  PROVEN  CAPABLE  OF  PASSING  THROUGH 
THE  INTESTINES  OF  THE  FLIES  AND  BEING  DEPOSITED  IN  THEIR  FAECES  :  Bacillus 
diphtherice  Klebs  taken  up  by  flies  from  sputum  and  recovered  as  long  as  51  hours 
after  from  faeces  (Graham-Smith,  1914)  ;  B.  septicus  agrigenus  Nicolaier  (Marp- 
mann,  1897)  ;  E.  coli  Losch  taken  up  in  encysted  form  by  71/ .  domestica  passes 
through  in  24  hours  (Wenyon,  1916  ;  Roubaud,  1918)  ;  E.  histolytica  Schaudinn 
taken  up  in  encysted  form  by  71/.  domestica  and  passed  in  faeces  from  24  to 
40  hours  after  (Wenyon,  1916;  Roubaud,  1918),  and  also  in  71/.  domestica  and 
C.  erythrocephala  (Flu.  1916);  Giardia  intestinalis  Lambl  in  encysted  form  by 
71/.  domestica  (Roubaud,  1918). 

Staphylococcus  pyogenes  aureus  Rosenbach  is  capable  of  passing  through  the 
flies’  intestines  (Celli,  1888) ;  has  been  found  in  nature  (Torrey,  1912  ;  Scott,  1917) 
and  experimentally  (Herms,  1915)  on  the  body  of  71/.  domestica;  and  isolated  in 
nature  from  eggs  at  the  time  of  deposition  of  71/.  domestica,  C.  vomitoria,  S.  car¬ 
naria,  and  L.  ccesar  (Cao). 

Bacillus  tuberculosis  Koch  can  be  taken  up  from  sputum  by  71/.  domestica  and 
pass  through  the  faeces  (Hofmann,  1888)  for  at  least  five  days  (Spillman  and 
•Haushalter,  1887). 

Vibrio  cholerce  Koch  can  be  disseminated  by  flies  as  shown  by  Nicholas 
(1873),  Tizzoni  and  Cattoni  (1886),  Sawtchenko  (1892),  Simmonds  (1892), 
Uffelmann  (1892),  and  Macrae  (1894).  It  has  been  demonstrated  in  the  faeces  of 
C.  vomitoria  and  Eristalis  tenax  (Maddox,  1885). 
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The  following  organisms  have  been  proved  capable  of  passing  through 
the  fly  larvae  and  out  in  their  faeces  :  Bacillus  4  coUsimile  ’  Cao,  B.  fluore- 
scens  nonliquefaciens  Eisenberg  &  Krueger,  B.  radiciformis  Tataroff,  B.  proteus 
vulgaris  Hauser,  B.  p.  mirabilisllauser,and  B.  p.  zenkeri,  in  M.  domestica,  C.  vomi- 
toria,  L.  ccesar,  and  S.  carnaria  (Cao).  B.  proteus  vulgaris  has  also  been  isolated 
in  nature  from  M.  domestica  (Scott).  Cao  also  found  bacilli  called  by  him 
B.  4  similcarbonchio  ’  and  B.  4  tifosimile  ’  capable  of  passing  through  the  larvae 
of  the  four  flies  and  isolated  them  from  laboratory  caught  flies,  and  adhering  to 
the  eggs  of  C.  vomitoria  when  deposited. 

The  following  organisms  have  been  found  adhering  to  the  mucila¬ 
ginous  ENVELOPE  OF  THE  EGGS  OF  FLIES  WHEN  DEPOSITED  :  StapliyloCOCCUS 
pyogenes  albus  Rosenbach  on  the  eggs  of  the  four  flies  (Cao)  and  isolated  in  nature 
on  M.  domestica  (Scott)  ;  Bacillus  coli  found  in  various  strains  on  the  four  species 
of  flies  caught  in  the  laboratory  (Cao). 

Various  investigators  have  made  large  series  of  studies  of  the  bacteria 

AND  PROTOZOA  NORMALLY  FOUND  IN  THE  INTESTINES  OR  FAECES  OF  THE  HOUSE¬ 
FLY,  and  they  have  added  to  our  list  the  following  species  :  Micrococcus  flavus 
(Torrey,  1912)  ;  Bacillus  cloacae  Jordan  in  Musca  domestica  (Nicoll,  1911)  ; 
B.  feccdis  alkaligenes  Petruschky  (Torrey)  ;  B.  oxytocus  perniciosus  Wyssoko- 
witsch  in  M.  domestica  ;  B.  pestis  Kitasato  in  intestines  of  flies  for  at  least 
48  hours,  and  fatal  to  M.  domestica  (Nuttall,  1897 ;  Yersin,  1894);  Bacterium 
tularense  McCoy  &  Chapin  in  M.  domestica  infective  (Wayson,  1915)  ;  Leish- 
mania  tropica  Wright  taken  up  in  crithidial  stage  by  M.  domestica  demonstrated 
for  48  hours  (Carter,  1909),  and  believed  transmissible  by  the  fly  for  three 
hours  (Row)  ;  Trypanosoma  hippicum  Darling  taken  up  from  wounds  by 
M.  domestica  (Chrysomyia  and  Sarcophaga),  and  demonstrated  alive  in  the  fly’s 
proboscis  for  two  hours  (Darling,  1911,  1912)  ;  Spironema  pertenue  Castellani 
eagerly  taken  up  by  M.  domestica  from  open  yaws  sores,  and  positive  transmis¬ 
sion  obtained  from  infected  flies  (Castellani,  1907),  and  also  carried  by  Oscinis 
pallipes  to  surface  injuries  (Nicholls,  1912) 

The  following  organisms  have  been  found  on  flies  caught  in  nature 
both  on  the  body  and  in  the  intestines  :  Streptococcus  salivarius  Andrewes 
&  Horder  in  M.  domestica  (Torrey,  1912  ;  Cox,  Lewis,  and  Glynn,  1912) ;  B.  acidi 
lactici  Hueppe  in  M.  domestica  (Torrey  ;  Scott ;  Nicoll ;  Cox,  Lewis,  and  Glynn) ; 
B.  cerogenes  ccipsulatus  Welch  &  Nuttall  (Torrey)  ;  B.  coli  communior  Dunham 
in  M.  domestica  (Torrey,  Scott)  ;  B.  coli  communis  Escherich  in  M.  domestica 
(Torrey  ;  Nicoll  ;  Scott  ;  Cox,  Lewis,  and  Glynn)  ;  B.  coli  mutabilis,  B.  gaso- 
f ormans  nonliquefaciens,  and  B.  grunthal  in  M.  domestica  (Nicoll) ;  B.  paracoli 
Duval  &  Schorer  and  B.  paratyphosus  A  Schottmiiller  (Torrey) ;  B.  paratyphosus 
B  Schottmiiller,  and  B.  schafferi  Freudenreich,  in  M.  domestica  (Nicoll). 

Certain  organisms  have  only  been  isolated  from  the  surface  of  flies 
caught  in  nature  :  Streptococcus  equinus  Andrewes  &  Horder  (Torrey)  ; 
S.fecalis  Andrewes  &  Horder  on  M.  domestica  (Scott ;  Cox,  Lewis,  and  Glynn); 
Streptococcus  pyogenes  Rosenbach  on  M.  domestica  (Scott)  ;  Diplococcus  gonor- 
rhoece  Neisser  on  feet  of  fly  for  three  hours  (Welander,  1896) ;  Micrococcus 
tetragenus  Gaffky,  B.  coli  ancerogenes,  and  B.  cuniculicida  Koch  &  Gaffky  on 
M.  domestica  (Scott)  ;  B.  enteritidis  Gsertner  (Cox,  Lewis,  and  Glynn)  ;  B.  lactic 
acidi  Marpmann  (Torrey) ;  B.  lactis  cerogenes  Escherich  (Cox,  Lewis,  and  Glynn) ; 
B.  neapolitanus  on  M .  domestica  (Nicoll  ;  Cox,  Lewis,  and  Glynn) ;  B.  suipestifer 
Salmon  &  Smith  on  M.  domestica  (Scott)  ;  B.  vesiculosus  on  M.  domestica 
(Nicoll);  B.  xerosis  Kutschert  &  Neisser  (Torrey). 
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In  addition  to  this  long  list  of  organisms  definitely  proven  transmissible  by 
flies,  there  are  still  others  which  are  thought  to  be  carried  in  this  manner,  but 
concerning  which  no  definite  statements  have  been  seen  by  the  writers  :  Diplo- 
coccus  intracellular  is  meningitidis  Weichselbaum  (MacGregor,  1917)  ;  Bacillus  of 
Koch  Weeks  thought  to  be  carried  by  Microneurum  funicola  (Castellani  and 
Chalmers,  1913) ;  B.  leprce  Hansen  by  M.  domestica  (Leboeuf,  1913)  ;  B.  mallei 
Loffler  &  Schutz  (Rosenau,  1916) ;  purulent  ophthalmia  (Castellani  and  Chal¬ 
mers)  ;  trachoma  (Brumpt)  ;  smallpox,  measles,  scarlet  fever  (Rosenau). 

We  have  not  yet  finished  our  indictment  of  our  domestic  flies.  The  species 
listed  above  are  all  one-celled  organisms.  The  fly  is  also  an  agency  in  the  trans¬ 
mission  of  parasitic  worms,  taking  them  up  as  a  rule  in  the  egg  stage. 

Habronema  muscce  Carter,  a  stomach  worm  of  horses,  is  ingested  either  in  egg 
or  first  larval  stage  by  the  larvae  of  M.  domestica.  The  embryo  continues  its 
development  in  the  fly  and  its  last  larval  stage  is  found  in  the  proboscis  of  the 
adult  fly.  Its  usual  method  of  entry  into  the  horses’  intestine  is  unknown,  but 
it  has  been  shown  by  Van  Saceghem  (1918)  that  flies  can  deposit  the  worms  in 
flesh  wounds  and  thus  give  rise  to  a  granular  dermatitis. 

Ascaris  lumbricoides  L.  does  not  require  an  intermediate  host,  but  Stiles 
(1889)  has  shown  that  M.  domestica  larvae  may  take  up  the  eggs,  and  that 
the  different  stages  of  development  may  be  found  in  the  larvae  and  adult  flies. 
Shircore  (1916)  has  found  the  eggs  in  the  intestines  of  the  house-fly  in  nature  and 
Nicholls  (1912)  has  found  them  in  the  abdomen  of  Borborus  punctipennis  ( Limo - 
sina)  in  St.  Lucia. 

Oxyuris  vermicularis  L.  can  be  ingested  in  the  egg  stage  by  flies  (Grassi,  1883). 

In  Madras  an  Oxyuris,  probably  curvula  Rudolphi,  is  often  found  in  the 
embryo  stage,  heavily  infesting  larvae  of  M.  nebulo  (Patton  and  Cragg,  1913). 

Choanotcenia  infundibulum  Bloch,  the  fowl  tapeworm,  may  develop  to  the 
cysticercoid  stage  in  M.  domestica  fed  on  the  eggs,  and  young  chicks  may  be 
infected  by  eating  the  flies  (Gutberlet,  1916). 

The  eggs  of  the  following  worms  have  been  found  in  flies  taken  in 
nature  :  Tcenia  saginata  Goeze,  Schistosoma  mansoni  Sambon,  Trichuris 
trichiura  Roederer  &  Wagler,  and  Ancylostoma  duodenale  in  M.  domestica 
(Shircore,  1916),  Necator  americanus  Stiles  and  Trichuris  trichiura  in  Borborus 
punctipennis  (Nicholls,  1912).  Necator  americanus  has  been  found  in  the  egg  and 
larval  stage  on  the  surface  of  the  body  of  flies  (Galli-Valerio,  1905). 

There  are  a  number  of  species  of  parasitic  organisms  found  more  or  less 
normally  in  flies  which  must  always  be  taken  into  consideration  in  studying 
fly  transmitted  diseases,  because  of  the  possibility  of  accidental  infection  and 
unexpected  pathogenicity.  These  may  be  listed  according  to  the  host  fly. 

From  M.  domestica  there  are  described  Crithidia  muscce- dome sticce  Werner, 
Leptomonas  muscce- domesticce  Burnett,  and  Rhynchoidomonas  lucilice  Patton. 
From  C.  erytlirocephala  are  described  Crithidia  calliphorce  Swellengrebel,  and 
Leptomonas  calliphorce  Swingle.  L.  serenissima  is  parasitized  by  Leptomonas 
lucilice  Roubaud,  and  Rhynchoidomonas  lucilice  Patton,  while  other  species  of 
Lucilia  are  hosts  of  Leptomonas  lucilice  Strickland,  L.  mesnili  Roubaud,  and 
L.  muscce- domesticce  Burnett.  F.  scalaris  is  recorded  as  host  of  Leptomonas 
homalomyicx  Brug,  L.  muscce- domesticce  Burnett,  Octosporea  monospora,  Chatton 
&  Krempf,  and  Thelohania  ovata  Dunkerley.  Pycnosoma  putorium  is-  recorded  as 
host  of  Leptomonas  muscce- domesticce,  L.  pycnosomce  Roubaud,  and  L.  soudanen- 
sis  Roubaud.  Leptomonas  lineata  Swingle  is  described  from  Sarcophaga 
sarracenice.  Leptomonas  muscce- domesticce  is  also  recorded  from  M.  nebulo, 
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Pollenia  rudis,  Teichomyza  fusca,  Scatopliaga  lutarict,  Neuroctena  analis,  Homa- 
lomyia  corvina,  and  Sarcophaga  murus.  Leptomonas  roubaudi  Chatton  is  a  parasite 
of  Drosophila  confusa  ;  L.  sarcophagce  Prowazek  of  Sarcophaga  hcemorrhoidalis > 
and  L.  stratiomyice  Fantham  &  Porter  of  Stratiomyia  chameleon  and  S.  potamida. 

One  cannot  study  this  long  series  of  records  of  fly  transmission  without  being 
fully  convinced  of  the  danger  of  contact  of  flies  with  food  and  the  human  body  ; 
but  it  is  also  evident  that  in  spite  of  the  mass  of  information  already  accumu¬ 
lated,  more  must  be  done  in  connexion  with  many  of  our  most  important 
diseases.  Here  lies  a  field  of  investigation  full  of  wonderful  possibilities. 

Diseases  conveyed  by  non-bloodsucking  flies.  In  summing  up  our  evidence 
against  the  common  non-bloodsucking  flies  we  find  them  possible  carriers  of  the 
organisms  of  conjunctivitis  ;  gonorrhoea  ;  yaws  ;  oriental  sore  ;  abscesses  ;  septi¬ 
caemia  ;  gas  gangrene  ;  erysipelas  ;  anthrax  ;  leprosy  ;  diphtheria  ;  enteritis  ; 
gastro-enteritis  ;  typhoid  and  paratyphoid  A  and  B  fevers  ;  infantile  diarrhoea  ; 
colitis ;  cholera  ;  bacillary,  amoebic,  and  lamblian  dysentery  ;  tapeworms  ; 
stomach-worms,  pinworms,  hookworms,  and  whipworms  ;  as  well  as  various 
typically  animal  diseases.  Some  of  the  organisms  which  have  been  found 
normally  carried  by  the  flies  are  taken  from  excrement,  some  from  sputum,  some 
from  wounds,  and  from  sore  eyes,  some  from  decaying  vegetable  matter,  and 
many  from  dairy  products. 

PROPHYLAXIS.1 

Prophylaxis  against  flies  is  of  two  general  types,  repressive  and  palliative. 
By  far  the  most  important  are  those  measures  which  strike  at  the  sources  of  the 
flies,  and  aim  at  the  prevention  of  their  breeding.  Flies  can  only  become 
numerous  when  filth  and  carcasses  are  allowed  to  remain  exposed  to  their  attack. 
They  require  for  their  breeding  only  those  substances  which  for  all  reasons  are 
the  most  dangerous  to  have  around.  In  other  words,  we  must  link  good  sanita¬ 
tion  and  fly  control  indissolubly  together. 

Preventive  Measures. 

The  flies  which  we  have  considered  as  disease  carriers  breed  principally  in 
manure  and  excreta,  carcasses,  garbage,  trash,  and  factory  waste,  and  of  these 
manure,  excreta,  and  carcasses  must  cause  the  greatest  solicitude,  because  in 
addition  to  furnishing  good  breeding  conditions,  they  also  furnish  the  flies  with 
infective  organisms  which  they  later  spread  broadcast.  To  prevent  disease 
spread  by  flies,  we  must  therefore  have  as  our  first  concern  the  possible  sources 
of  the  organisms  and  then  must  consider  the  complete  reduction  in  the  number 
of  disease  carriers. 

From  this  standpoint  we  must  therefore  reverse  slightly  the  order  of  treat¬ 
ment  of  fly-breeding  substances  and  deal  with  excreta  before  manure,  which  is 
the  favourite  breeding-place  of  the  house-fly. 

Disposal  of  human  excreta.  The  exposure  of  a  single  stool  of  human  excreta 
from  a  patient  suffering  with  typhoid,  paratyphoid,  dysentery,  cholera,  or  diar¬ 
rhoea,  to  fly  breeding  or  even  to  the  visit  of  adult  flies,  may  give  rise  to  a  focus 
for  the  spread  of  the  disease,  which,  by  its  subsequent  removal  or  dessication, 
baffles  the  investigator  seeking  the  cause  of  spread.  Every  fly  bred  from  such 
a  stool  may  for  days  be  depositing  viable  germs  in  its  fteces  on  everything  it 
touches  in  its  erratic  flight,  while  the  errant  fly  which  alights  but  for  a  moment 
on  the  infected  stool  may  carry  on  its  body  as  well  as  in  its  intestines  the  infective 
organism,  and  with  every  footstep  leave  a  disease  culture. 

1  [Consult  also  Chapters  8  and  9]. 
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It  is  therefore  of  primary  importance  that  wherever  civilized  man  goes  he 
should  carry  with  him  the  knowledge  of  the  necessity  of  removing  human  excreta 
from  fly  visitation.  Every  municipality  should  make  as  one  of  its  primary 
sanitary  objectives  the  establishment  and  maintenance  of  a  sewage  system  of 
some  approved  type.  In  outlying  districts  not  capable  of  connexion  with  the 
central  sewage  system,  there  should,  if  jiossible,  be  community  sewage  with 
septic  tanks  or  cess-pools,  or  at  the  least  every  inhabitant  should  be  required  to 
instal  sanitary  privies,  keep  them  clean,  and  provide  for  regular  periodical 
removal  of  the  excreta. 

Disposal  of  carcasses.  Much  of  the  spread  of  infectious  disease  to  wounds  is 
by  flies  which  have  bred  in  or  visited  carcasses.  This  subject  is  discussed  more 
fully  later. 

Disposal  of  manure.  Horse  manure,  under  ordinary  conditions,  is  the 
principal  breeding-place  for  house-flies  and  is  therefore  the  waste  substance 
demanding  the  greatest  amount  of  attention  in  fly  prophylaxis.  As  the  flies 
with  which  we  are  concerned  also  breed  in  the  manure  of  other  domestic 
animals  and  fowls,  it  is  necessary  to  take  measures  to  remove  all  these  possible 
breeding  media. 

As  manure  possesses  great  value  as  a  fertilizer,  wherever  expedient,  effort 
should  be  made  to  utilize  it  after  treating  it  in  such  a  manner  that  it  will  not 
breed  flies.  The  method  to  be  followed  must  naturally  depend  upon  the  availa¬ 
bility  of  materials. 

Treatment  by  chemicals.  The  most  certain  method  of  ensuring  fly  destruc¬ 
tion  is  to  treat  with  some  chemical  which  will  kill  the  flies  without  injuring 
the  value  of  the  manure.  The  United  States  Department  of  Agriculture 
has  carefully  investigated  this  problem  and  approves  the  three  following 
treatments. 

A  mixture  of  \  lb.  (225  grm.)  of  calcium  cyanamid  and  \  lb.  (225  grm.)  of  acid 
phosphate  to  each  bushel  (1-28  cub.  ft.)  of  manure  gives  a  larvicidal  action  of  98 
per  cent.  A  water  extract  of  hellebore,  prepared  by  adding  \  lb.  (225  grm.)  of 
powder  of  hellebore  to  10  gallons  (45  litres)  of  water,  which  after  stirring  is  left 
for  24  hours,  is  effective  at  the  rate  of  10  gallons  (45  litres)  to  every  8  bushels 
(10  cubic  feet).  Borax  at  the  rate  of  1  lb.  (450  grm.)  to  16  cubic  feet,  or  0-62  lb. 
(280  grm.)  per  8  bushels  (10-2  cub.  ft.)  of  manure,  will  kill  about  90  per  cent 
of  the  larvae. 

There  are  methods  of  stacking  which  reduce  fly  breeding.  The  manure 
may  be  built  into  a  compact  stack  by  driving  wagons  over  the  top  to  pack  it 
down  and  patting  the  sides  to  make  them  straight.  Straw  may  be  scattered 
around  the  edges  and  oiled,  then  swept  up  every  few  days  and  burned,  to  destroy 
the  migrating  larvae  and  their  puparia.  Some  sanitarians  follow  the  practice  of 
setting  fire  to  the  manure  pile  and  burning  it  down  about  a  foot  to  form  a  coating 
of  ash.  The  manure  may  be  stacked  on  a  slatted  platform  over  a  cement  water- 
filled  basin,  and  all  the  larvae  migrating  before  pupation  will  fall  into  the  basin 
and  be  drowned  (fig.  218). 

Other  methods  of  disposal  of  manure  are  daily  broadcasting  over  fallow 
fields,  storage  in  fly-proof  boxes,  incineration,  and  shipment  by  contractors  for 
agricultural  purposes. 

Cleanliness  must  be  observed  in  stables  and  yards.  All  the  manure  must 
be  swept  or  scraped  up,  and  regularly  removed.  The  floors,  if  of  earth,  and  the 
yards  can  be  improved  and  rendered  less  likely  to  breed  flies,  if  dug  up  and 
thoroughly  mixed  with  crude  oil,  then  stamped  hard.  Ground  frequented  by 
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horses  becomes  urine  and  manure  soaked  and  may  give  rise  to  many  flies.  This 
may  be  treated  with  borax  water,  crude  oil,  or  cresol. 

Garbage.  All  garbage,  factory  waste,  and  trash  which  might  breed  flies, 
should  be  kept  covered  and  protected  from  flies.  The  construction  of  screened 
sheds  to  contain  the  garbage  cans  is  a  good  measure.  Frequent  removal  is 
advisable,  and  if  not  sold  to  contractors  for  reclamation,  or  to  farmers  for  feeding 
to  pigs,  should  be  incinerated. 

Palliative  Measures. 

In  view  of  the  fact  that  flies  can  come  for  many  miles  and  that  often  sources 
of  many  flies  will  be  out  of  the  jurisdiction  of  a  sanitary  officer,  it  behoves  each 
householder  to  protect  his  place  against  flies  bred  elsewhere,  which  may  bring 


Fig.  218.  A  maggot  trap  for  house-fly  control.  View  of  the  maggot  trap 
showing  the  concrete  basin  containing  water  in  which  the  larvae  are  drowned, 
and  the  wooden  platform  on  which  manure  is  heaped.  (After  Hutchison.) 

into  the  community  germs  of  diseases  not  yet  present.  Such  measures  consist 
of  thorough  screening,  fly  traps,  fly  poisons,  swatting  and  spraying  to  kill  flies, 
sticky  fly-papers,  and  repellants. 

The  best  type  of  fly  trap  consists  of  a  cone  inside  of  a  cylinder  placed  over 
a  bait  (fig.  219).  The  flies  come  in  below  to  the  bait,  fly  upwards  into  the  cone, 
and  through  the  mouth  of  the  cone  into  the  cylinder,  where  they  are  trapped  and 
die.  The  trap  is  made  of  wire  screen  and  has  a  lid  for  removal  of  the  caught 
flies.  Many  types  of  bait  are  attractive  to  flies,  such  as  over-ripe  fruit, 
meat  scraps,  moistened  garbage,  beer,  milk,  sweets.  The  baits  must  be 
kept  moist. 

Poisoned  fly  baits  are  dangerous  in  presence  of  children  or  ignorant  persons. 
The  best  poisons  are  formaldehyde,  5  per  cent  of  the  40  per  cent  commercial 
solution,  50  per  cent,  of  the  fluid  of  dilution  being  lime-water  ;  1  per  cent  sodium 
salicylate  and  10  per  cent  brown  sugar  in  aqueous  solution  ;  one-thousandth 
normal  sodium  arsenite  solution,  and  1  per  cent  sodium  fluoride  solution. 
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II.  NON-BLOODSUCKING  FLIES  CAUSING  DISEASE  OR  INJURY. 

Character  of  damage  and  species  involved.  The  flies  which  are  concerned  in 
the  class  of  troubles  to  be  mentioned  differ  very  considerably  among  themselves 
in  their  character,  and  the  troubles  which  they  produce  are  also  diverse.  Their 
work  has  been  grouped  in  text-books  under  the  general  head  of  myiasis,  and  this 
grouping  has  been  subdivided  into  external  myiasis  and  internal  myiasis.  A 


Fig.  219.  Conical  hoop  fly  trap;  side  view.  (After  Bishopp.) 

a.  Hoops  forming  frame  at  bottom,  b.  Hoops  forming  frame  at  top. 
c.  Top  of  trap  made  of  barrel  head.  d.  Strips  around  door.  e.  Door  frame. 
f.  Screen  on  door.  g.  Buttons  holding  door.  h.  Screen  on  outside  of  trap, 
i.  Strips  on  side  of  trap  between  hoops,  j.  Tips  of  these  strips  projecting  to 
form  legs.  k.  Cone.  l.  United  edges  of  screen  forming  cone.  m.  Aperture  at 
apex  of  cone. 

good  classification  has  been  suggested  by  Graham-Smith  (1914),  but  for  the 
purposes  of  this  section  may  be  somewhat  modified,  as  follows  : 

(A)  Larvae  deposited  in  neglected  wounds  or  in  natural  openings  of  the  body 
and  burrowing  into  tissues  :  Chrysomyia,  Lucilia,  Sarcophaga,  Phormia, 
Callipliora ,  Oestrus,  etc. 

(B)  Larvae  living  in  subcutaneous  tissue  :  Dermatobia,  C ordylobia,  Hypo- 
.  derma. 

(C)  Larvae  passing  through  alimentary  canal  :  Sarcophaga ,  Musca ,  Eristalis, 
Fannia,  Piophila,  Phormia,  and  others. 

(D)  Larvae  sucking  blood  through  punctures  in  the  skin :  Auchmeromyia  luteola. 
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Of  these  (D)  is  found  only  in  tropical  Africa,  but  the  forms  involved  in  the 
other  groups,  while  more  abundant  in  the  tropics,  are,  some  of  them,  found  in 
temperate  regions. 

The  generalization  relative  to  structure  and  life-history  mentioned  on  p.  421, 
under  the  heading  Non-bloodsucking  Flies  as  Carriers  of  Disease,  holds  equally 
for  the  flies  involved  in  myiasis. 

LARV7E  DEPOSITED  IN  NEGLECTED  WOUNDS  OR  IN  NATURAL  OPENINGS 
OF  THE  BODY  AND  BURROWING  INTO  TISSUES. 

The  Screw-Worm  Fly  ( Chrysomyia  macellarici  Fabr.  (fig.  220)).  This 
insect  is  considerably  larger  than  the  common  house-fly,  is  of  a  dark  bluish-green 
colour,  and  has  three  black  stripes  on  the  back  of  the  thorax.  In  the  south¬ 
western  United  States  it  is  sometimes  spoken  of  by  stockmen  as  ‘  the  red  head  ’ 
on  account  of  the  rather  conspicuous  yellowish-red  colouring  of  the  face.  Its 
eggs  are  about  a  sixteenth  of  an  inch  (lj  mm.)  long  and  creamy  white  in  colour. 
They  are  laid  in  irregular  masses,  and  are  deposited  upon  open  wounds  of  man 
or  animals  and  upon  dead  animals.  The  eggs  hatch  speedily,  and  the  larvae 
grow  very  rapidly.  In  living  animals  they  become  full  grown  and  drop  in  from 
four  to  five  days.  In  carcasses  their  growth  is  slower.  The  pupa  stage  lasts 
from  three  days  to  fourteen  days,  and  the  entire  life-cycle  may  be  completed  in 
a  week  or  more.  This  fly  is  a  great  pest  to  cattle,  horses,  and  other  animals  in 
the  tropics  and  subtropics,  and  with  man  is  sufficiently  common  to  meet  with 
frequent  notice  by  the  medical  practitioner. 

In  the  human  being  the  eggs  are  deposited  in  the  nasal  and  aural  cavities, 
as  well  as  in  exposed  wounds  and  ulcers.  The  flies  are  active  in  the  day  time, 
and,  although  they  attack  their  victims  usually  only  during  sleep,  the  noon-day 
siesta  habit  in  the  tropics,  when  the  rest  is  not  taken  under  a  screen,  facilitates 
their  work.  Perfectly  healthy  people  are  seldom  attacked,  but  when  one  has 
recently  had  an  attack  of  epistaxis,  or  has  nasal  catarrh  with  an  offensive  dis¬ 
charge,  or  an  exceptionally  foul-smelling  breath,  the  flies  are  attracted  and  lay 
their  eggs.  The  results  are  serious,  since  the  young  screw-worms  soon  emerge 
frohi  the  eggs  and  begin  to  penetrate  the  neighbouring  tissue.  If  in  the  nose, 
they  tear  into  the  mucous  membranes  of  the  nasal  cavity  with  their  hard  head- 
hooks  and  feed  upon  the  resultant  blood  and  serum.  They  work  into  the  nasal 
sinuses  and  burrow  into  the  surrounding  muscles  and  cartilage.  Dunn  (1918) 
points  out  that  physicians  coming  in  contact  with  nasal  myiasis  for  the  first 
time  may  not  recognize  the  condition  where  the  worms  are  in  the  upper  cavities 
or  have  burrowed  deeply  into  the  tissues,  and  the  diagnosis  may  not  be  made 
until  the  full-grown  larvae  begin  to  emerge  from  the  nose  or  to  enter  the  mouth 
through  the  pharynx  and  be  expectorated.  Any  foul  smelling,  offensive  dis¬ 
charge  from  the  nostrils  in  the  tropics,  however,  should  arouse  a  suspicion  of  the 
presence  of  these  larvae. 

These  cases  have  been  known  to  result  fatally. 

Screw-worm  attacks  in  the  internal  ear  are  less  common  than  in  the 
nose,  but  the  discharging  ears  of  children  or  very  odorous  dirty  ears  rather 
frequently  become  infested,  and  where  the  worms  are  not  detected  at  once 
they  penetrate  to  the  middle  and  inner  ear,  causing  suffering  and  sometimes 
death. 

In  the  same  way  the  genitalia  are  occasionally  attacked,  especially  with 
naked  children,  and  also  sometimes  with  senile  adults.  This  may  also  happen 
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in  the  case  of  the  umbilicus.  Unprotected  flesh  wounds  and  ulcers  are  also 
favourite  places  for  the  deposition  of  eggs.  Cases  have  been  reported,  in  addi¬ 
tion  to  those  of  the  different  kinds  mentioned,  where  eggs  have  been  deposited 
upon  a  healthy  skin. 

Although  the  screw-worm  fly  causes  many  cases  of  myiasis  in  human  beings 
in  the  tropics,  and  although  these  cases  are  very  painful  and  dangerous,  very  few 
adult  flies — practically  none — are  bred  from  the  larvae  involved  in  these  cases. 
Attacks  upon  living  domestic  animals  are  naturally  much  more  frequent  than 
are  attacks  upon  human  beings,  and  here  in  the  very  many  neglected  cases  the 
adult  flies  are  frequently  bred.  And  yet  it  is  obvious  that  the  vast  number 


Fig.  220.  The  screw-worm  fly,  Chrysomyia  macellaria.  Original 
photo  retouched  by  W.  N.  Dovener. 


of  adult  flies  that  exists  in  certain  regions  in  tropical  and  sub-tropical  America,  and 
in  the  zones  that  border  on  the  sub-tropical,  must  come  from  some  other  source. 
It  has  been  found  that  literally  millions  of  these  flies  come  from  larvae  that 
have  infested  dead  animals  (Fig.  221).  A  neglected  carcass  of  a  calf,  for 
example,  may  be  found  at  certain  times  literally  swarming  with  the  maggots  of 
the  screw-worm  fly,  and  from  these  maggots  flies  are  eventually  produced  Avhich 
spread  in  all  directions,  so  that  a  neglected  sore  is  almost  sure  to  become  infected 
bv  one  of  them.  This  plainly  points  to  the  care  of  carcasses  as  the  prime  method 
of  reducing  screw- worm  menace. 

As  pointed  out  in  Texas  by  Bishopp  (1917),  the  complete  destruction  of  all 
dead  animals  by  burning  is  by  far  the  best  method  of  control.  This  also  stops 
the  breeding  of  all  the  so-called  blow-flies  and  prevents  the  dissemination  of 
many  dangerous  diseases  of  live  stock.  Bishopp  recommends,  next  to  burning, 
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the  burial  of  such  carcasses,  but  they  should  be  covered  by  at  least  two  feet  of 
closely  packed  soil  to  prevent  the  escape  of  the  flies.  He  also  advises  the  free 
use  of  quicklime  on  the  carcasses  before  they  are  covered.  The  same  writer 
points  out  that  where  it  is  imjDOssible  to  burn  or  properly  bury  a  carcase,  many 
maggots  can  be  destroyed  by  exposing  the  body  in  the  sun. 

A  lengthy  article  has  been  published  by  Foreman  and  Graham-Smith  (1917), 
under  the  title  4  Investigations  on  the  Prevention  of  Nuisances  arising  from 
Flies  and  Putrefaction  ’,  which  details  a  very  extensive  series  of  experiments 
with  different  substances,  leading  to  the  conclusion  that  coal-tar  creosote  oil, 
alone  or  combined  with  other  reagents,  will  prove  of  great  use  for  a  number  of 


Fig.  221.  Carcass  destroyed  by  maggots  of  Chrysomyici  macellaria 
(screw-worm).  Original  by  F.  C.  Bisliopp. 


purposes  4  including  the  prevention  of  putrefaction  in  exposed  bodies,  the 
deodorization  of  putrefying  carcasses,  the  destruction  of  fly  maggots  in  animal 
refuse  and  manure,  and  the  prevention  of  nuisances  caused  by  flies  ’. 

Other  species  ovipositing  in  wounds  and  natural  body  openings.  The  screw- 
worm  fly  just  considered  is  strictly  an  American  species,  but  in  other  parts  of  the 
world  other  flies  have  somewhat  similar  habits,  although  this  type  of  myiasis  is 
apparently  nowhere  so  prevalent  as  in  the  Americas.  In  America  also  flies  of 
other  genera  occasionally  deposit  their  eggs  or  larvae  in  similar  wounds  or  open¬ 
ings.  They  are  nearly  all  flesh  flies  or  their  allies,  species  living  normally  on 
dead  animal  matter,  and  with  almost  all  of  them  parasitism  of  living  animals  is 
exceptional — almost  accidental.  One  of  these  flies,  Phormia  regina  Meig.,  which 
may  cause  dermal  or  gastro-intestinal  myiasis,  is  illustrated  in  fig.  222.  In 
opposition  to  this  generalization,  however,  we  have  at  least  one  of  the  bot-flies 
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of  the  family  (Estridae,  viz.,  the  sheep  bot  (OSstrus  ovis  L.)  whose  larvae  normally 
live  in  the  frontal  sinuses  of  sheep.  The  brothers  Sergent  (1907  and  1913)  have 
pointed  out  that  in  the  Kabyle  country  in  the  Sahara  this  sheep  bot  attacks  the 
human  species,  especially  in  those  valleys  where  the  sheep  are  less  numerous  and 
the  human  beings  more  numerous  than  customary.  The  shepherds  often  develop 
an  inflammation  of  the  facial  openings,  caused  by  the  larvae  of  this  bot-fly,  which 
they  call  ‘  thimni  ’,  and  the  name  of  the  fly  is  also  applied  to  the  myiasis.  The  larvae 
are  laid  rapidly  in  flight,  without  stopping,  upon  the  eyes,  the  nose,  and  the  lips 
of  the  shepherds,  especially  those  who  have  eaten  fresh  sheep  or  goat  cheese. 
The  fly  deposits  its  larvae  also  in  the  facial  cavities  of  the  sheep-dogs  which  are 


Fig.  222.  Phormia  regina  ;  a  fly  which  may  cause  both  dermal  and  gastrointestinal 
myiasis.  Original  photo  retouched  by  W.  N.  Dovener. 

also  fed  with  cheese.  When  laid  in  the  eye  the  vision  soon  becomes  obscured,  the 
conjunctiva  becomes  tumefied,  and  little, white,  very  mobile  worms  can  be  seen  on 
the  surface.  When  they  are  laid  in  the  nasal  cavities  the  pain  is  more  intense 
and  the  frontal  headache  becomes  insupportable,  sleep  impossible,  and  there  is 
a  continual  serous  emission  from  the  nostrils.  When  the  deposition  has  taken 
place  on  the  lips,  the  inflammation  goes  down  to  the  throat,  swallowing  becomes 
very  difficult  and  painful,  and  there  is  vomiting  which  brings  up  small  larvae. 
The  treatment  used  by  the  natives  is  to  remove  the  larvae  from  the  eye  with 
a  bit  of  linen,  to  smoke  into  the  nostrils,  to  gargle  the  throat  with  tobacco 
•water. 

Of  the  true  flesh  flies,  the  widespread  European  Sarcophaga  carnaria  L. 
and  its  close  allies,  many  of  which  have  been  mistaken  for  it,  have  this  habit  of 
occasionally  depositing  living  larvae  in  wounds  or  openings.  One  of  these, 
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S.  sarracenice  Riley,  is  illustrated  in  fig.  223.  Thus,  although  S.  carnaria 
is  said  by  the  experts  not  to  occur  in  America,  it  has  been  recorded  as  causing 
both  nasal  and  aural  myiasis.  This  species  and  its  allies  are  frequently  recorded 
as  having  deposited  their  larva?  in  uncared-for  sores  and  in  the  nose,  ear,  and  eye, 
as  well  as  in  the  vagina  of  the  human  female,  especially  when  diseased  conditions 
prevail  and  there  is  an  offensive  discharge. 

The  European  analogue  of  the  American  screw- worm  fly  is  W ohlfahrtia 
magnified  Schiner,  a  large  Sarcophagid  fly,  to  which  there  are  very  many 


Fig.  223.  The  flesh  fly,  Sarcophaga  sarracenice.  Original  retouched 

photo  by  W.  N.  Dovener. 

references  in  European  literature.  In  the  records  of  this  species  it  is  quite 
likely  that  certain  other  forms  have  been  confounded  with  it,  and  diagnoses  made 
from  the  larva?  alone  have,  at  least  in  some  instances,  proved  to  be  Lucilia 
nobilis  Meig.  or  some  related  Muscid.  The  W ohlfahrtia  is  rather  common 
throughout  the  more  northern  parts  of  Europe.  It  has  been  especially  studied 
in  Russia.  There  are  many  cases  on  record  in  which  it  has  caused  nasal,  aural, 
and  optical  myiasis,  and  the  infestation  of  wounds  by  its  larva?  has  often  been 
noticed  in  the  Russian  Army  and  at  the  front  during  the  late  world  war. 

It  is  believed  by  Portschinsky  that  this  species,  unlike  the  screw-worm  fly, 
attacks  only  living  animals ;  but  this  seems  to  the  writers  very  unlikely  and  at 
least  to  offer  a  field  for  further  careful  investigation. 
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Other  cases  of  this  general  nature  have  to  do  with  certain  blow-flies,  such  as 
Calliphora  erythrocepkala  (one  of  the  bluebottle  flies)  and  its  close  allies  ;  but 
there  have  been  also  quite  accidental  cases  from  time  to  time,  such  as  the  one 
recorded  by  Austen  (1912),  of  myiasis  of  the  nose  of  several  weeks’  duration,  due 
to  the  common  cheese  maggot  (larvie  of  Piophila  casei),  and  the  same  writer 
records  a  case  of  myiasis  of  the  external  auditory  meatus,  causing  deafness  and 
pain,  due  to  the  larvae  of  one  of  the  Syrphid  flies. 

LARViE  LIVING  IN  THE  SUBCUTANEOUS  TISSUE. 

As  with  other  species  mentioned  in  this  section,  flies  of  this  class  are  normally 
parasites  of  other  animals,  both  wild  and  domestic,  and  they  are  really  adven¬ 
titious  as  regards  man.  This,  of  course,  accounts  for 
the  continued  existence  of  these  species  in  tropical 
America  and  tropical  Africa,  since  the  enormous  majority 
of  the  individuals  that  attack  man  must  be  killed  in  the 
larval  state  and  thus  have  no  chance  to  perpetuate  the 
species. 

The  prevalent  form  in  all  of  tropical  America  is 
an  CEstrid,  and  in  the  literature  has  been  known  as 
Dermatobia  hominis  L.,  D.  cyaniventris  Macquart,  and 
D.  noxialis  Goudot  (fig.  224),  the  larva  being  known  in 
the  Guianas  as  the  Ver  macaque  and  in  Mexico  as  the 
V er  moyocuil. 

The  adult  fly  is  a  large  species,  grey  and  steel-blue, 
almost  naked,  with  yellow  face  and  pale  brown  wings. 

It  is  from  14-17  mm.  long. 

Its  larvae  are  found  in  subcutaneous  tissue  of  cattle, 
dogs,  monkeys,  and  other  animals.  It  is  said  that  the 
hides  of  cattle  in  parts  of  South  America  are  sometimes 
riddled  to  worthlessness  by  the  perforations  made  by 
these  larvae,  although  it  is  probable  that  this  damage 
is  confused  with  that  of  the  true  cattle  bots,  or  c  warbles  ’, 
of  the  genus  Hypoderma. 

The  adult  flies  live  in  wooded  regions,  especially  in 
the  margins  of  woods  which  border  grazing  lands,  and 
people  inhabiting  these  regions  often  become  infested 
by  the  larvae.  The  eggs  of  the  flies  are  white  in  colour,  and  have  a  viscous 
pedicle,  and  it  was  supposed  that  they  were  laid  upon  branches  of  trees 
and  became  attached  to  the  skin  of  man  or  animals  brushing  against  the 
shrubbery  to  which  they  were  attached.  Others  claimed  that  the  eggs 
were  laid  directly  on  the  vertebrate  host  by  the  adult  fly.  Recently,  however, 
mosquitoes  have  been  found  with  these  eggs  attached  to  them,  usually 
to  the  venter  of  the  mosquito’s  abdomen  in  such  a  way  that  when  the 
mosquito  sucks  the  blood  of  a  vertebrate  the  hatching  end  of  the  egg  is 
nearest  the  skin  of  the  victim.  It  appears  that  the  fully  matured  first-stage 
larva  of  the  fly  remains  within  the  egg  until  the  mosquito  has  found  a  host, 
the  warmth  given  off  by  the  vertebrate  acting  as  a  stimulus  to  the  waiting 
larva.  Gonzales-Rincones  of  Venezuela  (1912)  holds  this  view.  Rafael  Morales 
of  Guatemala  City  (1914)  holds  similar  views,  and  has  reared  the  adult  flies 
from  eggs  so  attached.  It  is  possible  that  all  three  methods  of  oviposition 
may  occur,  but  this  subject  demands  further  investigation.  There  is  further 


Fig.  224.  Larva  of 
Dermatobia  noxialis 
(hominis).  (After 
Ward.) 
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a  belief  that  the  eggs  are  deposited  upon  clothes  of  human  beings  and  do  not 
hatch  for  a  day  or  so. 

A  late  paper  by  Dunn  (1918)  brings  out  a  very  interesting  new  possibility  or 
probability  concerning  means  of  infection  by  Dermatobia  larvae.  He  records 
five  instances  in  Panama  where  Dermatobia  larvae  were  found  at  the  point  of 
a  tick  attachment  after  the  tick  had  been  removed.  One  of  these  instances  was 


Fig.  225.  Mosquito  (J anthinosoma  lutzii  Tlieo.)  bearing  the  eggs  of  Derma- 
tobia  noxialis  ( hominis )  on  the  under  surface  of  abdomen.  Original  drawing, 
lent  by  Dr.  L.  Sambon,  from  specimen  in  the  Museum  of  the  Wellcome  Bureau 
of  Tropical  Research. 

on  the  back  of  the  hand,  which  of  course  does  not  preclude  the  possibility  of 
oviposition  by  adult  Dermatobia  at  this  point,  the  fly  being  attracted  possibly 
by  the  tick  puncture  ;  but  the  other  four  were  on  parts  of  the  body  protected  by 
clothing — two  on  the  upper  left  side  of  the  abdomen  at  a  point  above  the  belt 
line  ;  one  on  the  abdomen  midway  between  the  groin  and  umbilicus,  well  below 
the  belt  line  ;  and  the  fourth  on  the  left  side  of  the  back  above  the  belt  line. 
All  occurred  on  one  individual  (Doctor  Clark),  who  slept  under  a  mosquito-net 
and  was  protected  while  bathing.  Although  none  of  the  five  ticks  were  pre- 
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served,  Dunn  thinks  the  conclusion  cannot  be  avoided  that  they  carried  Derma- 
tobia  eggs,  which  hatched  about  the  time  of  attachment,  the  larvae  penetrating 
the  skin  at  that  point. 

Exact  observations  on  the  growth  of  the  larva  beneath  the  skin  have  been 
made  by  Busck  (1912).  Although  several  times  attacked,  only  once  did  the 
attack  occur  upon  a  portion  of  his  body  (the  upper  arm)  where  he  could  observe 
it  with  ease.  The  observations  were  made  at  Cabima,  Panama,  and  the  larva 
was  first  noticed  on  May  29  ;  one  cast  larval  skin  was  pushed  through  the  open¬ 
ing  on  July  19  ;  on  September  9  the  larva  reached  full  growth  and  left  the  arm, 
posterior  end  first.  It  was  24  mm.  long  and  10  mm.  in  diameter.  Placed  in 
a  jar  of  wet  sand,  it  burrowed  down,  pupated,  and  the  fly  issued  October  23. 


Fig.  226.  The  Tumbu-fly  ( Cordylobici  anthropophaga  Griinberg).  Female. 

x  6.  (After  Austen.) 


The  larva,  even  when  large,  did  not  cause  much  pain  if  not  interfered  with,  but 
the  constantly  exuding  faeces  of  the  larva  necessitated  a  bandage  so  as  to  avoid 
the  soiling  of  underclothing  and  bed  linen.  Towards  maturity,  the  larva 
increased  the  aperture,  but  its  final  egress  caused  more  relief  than  pain.  Busck 
noticed  that  while  infested  he  was  dull  and  sleepy  and  required  from  three  to 
five  hours  more  sleep  daily.  When  the  larva  issued,  the  desire  for  sleep  stopped, 
and  he  returned  to  normal  habits.  This  single  observation  is  insufficient  for 
generalization,  but  he  suggests  that  possibly  these  larvae  produce  some  virus 
which  has  a  quieting  effect  upon  its  host.  Ability  to  quiet  the  host  during 
incubation,  he  thinks,  would  be  of  distinct  advantage  to  the  species. 

The  larva  is  of  a  pyriform  shape,  and  each  segment  is  furnished  with  chitinous 
hooks  which  enable  it  to  retain  its  position.  In  removing  these  larvae,  Busck 
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states  there  is  no  need  of  a  knife  and  bloodshed,  but  if  the  aperture  be  softened 
and  somewhat  enlarged  by  the  insertion  of  a  pair  of  thin  forceps  the  larva  may 
be  removed  by  pressure.  It  should  be  remembered  that  the  thin  end  is  toward 
the  surface  of  the  skin,  and  that  the  pressure  should  be  applied  well  below  the 
swelled  part,  otherwise  the  larva  would  be  pressed  farther  in.  The  natives  apply 
tobacco  juice  or  tobacco  ashes  to  the  infested  spot,  or  tie  a  piece  of  fat  tightly 
over  the  entrance.  The  use  of  an  antiseptic  is  indicated. 

In  Africa  the  so-called  Tumbu-fly  ( Cordylobia  anthropophaga  Grtinberg 
(figs.  226  and  227),  although  belonging  to  a  different  family  from  the  so-called 
human  bot  of  the  Americas  which  we  have  just  considered,  works  in  much  the 

same  way  and  produces  the  same  results.  Just  as  in 
the  former  species,  this  fly  attacks  dogs,  monkeys,  rats 
and  other  vertebrates  in  addition  to  man.  It  has  a 
broad  range  in  Africa,  occurring  in  the  Transvaal,  Sudan, 
and  Senegal. 

The  adult  fly  is  brown  in  colour,  about  13  mm. 
long;  the  thorax  has  indistinct  dusky  stripes,  and  the 
abdomen  is  pale  brown  with  two  dusky  bands. 

It  is  supposed  to  lay  its  eggs  on  the  ground,  in  huts, 
or  directly  upon  the  skin  and  hair,  clothing  and  bed 
linen ;  but  the  larva,  as  indicated  with  Dermatobia , 
burrows  under  the  skin  and  becomes  stationary.  An 
opening  in  the  skin  is  left,  through  which  the  larva 
breathes.  Parasitism  by  this  species  seems  more  abun¬ 
dant  in  Africa  than  by  Dermatobia  in  the  Americas, 
and  there  are  records  in  which  twenty  or  thirty  maggots 
have  been  taken  from  the  scalp  of  a  child  under  six 
months  old.  The  infected  spot  soon  looks  like  an 
inflamed  boil,  and  the  contained  larva  is  a  fat,  white 
maggot  which  reaches  a  length  of  12  mm.  or  more  when 
full  grown.  It  is  pear-shaped,  with  the  head  at  the 
smaller  end,  and  the  body  is  covered  with  minute,  dark 
brown,  curved  spines.  Development  is  rapid,  and  the 
larva  issues  and  falls  to  the  ground  to  pupate.  Scrupu¬ 
lous  cleanliness  is  the  best  preventive  measure. 

There  are  frequent  references  in  the  literature  to 

\  V/O/  lu/n/i/mz  U'/H'/t'/  n  i  •  i  •  ill  71  7  «  7  TTT  -1  -1  i  •  i 

Grunbercr).  Ventral  view.  a  ay  which  is  called  Bengalia  depressa  Walker,  which 
x  6.  (After  Austen.)  has  exactly  the  habits  described  above,  and  which  is 

said  to  occur  in  Natal,  Rhodesia,  Uganda,  and  British 
Central  Africa.  It  seems,  however,  that  these  statements  have  all  been  based 
upon  a  misdetermination,  and  that  the  accounts  relate  to  the  Tumbu-fly,  the 
true  habits  of  Bengalia  depressa,  according  to  Austen,  not  being  known. 

The  so-called  ox  bot  of  Europe  ( Hypoderma  bovis  De  Geer)  and  the  corre¬ 
sponding  American  species  ( Hypoderma  lineata  De  Villiers),  both  abundant  and 
injurious  subcutaneous  parasites  of  cattle,  occasionally  affect  human  beings, 
and  in  several  instances  have  been  noted  to  migrate  under  the  skin  and  even  to 
enter  the  eye.  The  larva  in  these  cases  is  not  pyriform  as  with  Dermatobia  and 
Cordylobia,  but  elongate-fusiform,  and  is  not  noticeably  spiny.  In  a  case 
reported  by  Riley  and  Howard  (1890)  the  swelling  was  first  noticed  near  the 
sternal  end  of  the  right  clavicle,  and  in  five  months  had  travelled  up  and  down 
the  chest  in  front  and  over  one  side  of  the  back,  never  crossing  the  median  line, 


Fig.  227.  Full-grown 
larva  of  the  Tumbu-fly 
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then  up  behind  the  ear  to  the  cheek  and  to  the  lower  eyelid,  then  down  to  the 
cheek  where  it  was  extracted  full  grown.  Hewitt  (1914)  and  others  have 
reported  similar  cases. 


LARViE  PASSING  THROUGH  THE  ALIMENTARY  CANAL. 

Very  many  instances  of  the  passage  of  fly  larvae,  and  even  of  the  larvae  of 
other  insects,  through  the  alimentary  canal  are  recorded  in  medical  literature, 
this  type  of  accidental  parasitism  being  termed  internal  myiasis.  Every  year 
in  fact,  larvae  presumably  having  been  passed  in  this  way,  come  to  the  Bureau 
of  Entomology  in  Washington  from  practising  physicians,  State  boards  of  health, 
and  from  the  U.  S.  Public  Health  Service.  While  in  certain  of  these  cases  the 
observer  or  the  patient  has  been  deceived,  owing  to  the  fact  that  many  flies  lay 
living  larvae  almost  immediately  upon  freshly  voided  excreta,  there  are  still  very 
many  species  of  insects  whose  larvae  pass  in  a  living  condition  through  the 
alimentary  canal  of  human  beings.  None  of  these,  however,  can  in  any  way  be 
considered  as  a  true  parasite.  Such  larvae  have  been  accidentally  ingested  in  un¬ 
cooked  or  spoiled  food  and  have  successfully  resisted  the  action  of  the  secretions 
of  the  digestive  tract.  Indeed,  it  is  obvious  that  large  numbers  of  dipterous 
larvae  must  be  swallowed  by  careless  persons  each  year,  and  without  serious 
consequences.  Blow-flies  will  deposit  their  eggs  even  upon  cooked  meats,  and 
other  flies  lay  their  eggs  upon  over-ripe  fruit  and  vegetables,  so  that  larvae  of 
very  diverse  character  gain  entrance  to  the  alimentary  canal.  At  the  request  of 
one  of  us,  Banks  (1912)  prej^ared  a  paper  entitled  ‘  The  Structure  of  Certain 
Dipterous  Larvae  with  Particular  Reference  to  those  in  Human  Foods  ’,  in  order 
to  facilitate  the  ready  identification  of  larvae  found  in  these  cases  of  internal 
myiasis,  and  this  paper  should  be  consulted.  A  very  rough  method  of  differentia¬ 
tion,  however,  may  be  gained  from  the  following  table  : 


SYNOPSIS  OF  THE  GROUPS 


1. 


2. 


3. 


4. 


5. 


6. 


8. 


9. 


.  Fannia 
.  2 
.  3 

.  4 

Drosophila 
Piophila 


Body  with  lateral  and  dorsal  spinose  processes  (see  text  figs.  216-7) 

Body  without  such  processes  ....... 

Body  ending  in  two  fleshy  processes  ;  rather  small  species . 

Body  truncate  or  broadly  rounded  at  end  .... 

Processes  bearing  the  stigmal  plates  ;  body  about  5  mm.  long  . 

Processes  not  bearing  the  stigmal  plates  ;  body  10  mm.  in  length  or  longer  . 

But  one  great  hook  ;  posterior  stigmal  plates  with  winding  slits  ;  no  distinct 

lateral  fusiform  areas  ;  tip  of  body  with  few  if  any  conical  processes  .  Muscinae 

With  two  great  hooks  ;  slits  in  the  stigmal  plate  not  sinuous  .  .  .  .  .5 

No  tubercles  above  anal  area  ;  no  distinct  processes  around  stigmal  field  .  .  .6 

Distinct  tubercles  above  anal  area  ;  often  processes  around  stigmal  field  ; 

lateral  fusiform  areas  usually  distinct  ........  7 

Stigmal  plates  on  black  tubercles  ;  lateral  fusiform  areas  distinct  .  .  .  Ortalidae 

Stigmal  plates  barely  if  at  all  elevated  ;  lateral  fusiform  areas  indistinct  ; 

stigmal  plates  often  contiguous  or  nearly  so  ;  slits  long  and  subparallel .  Trypetidae 
Slits  in  stigmal  plates  rather  short,  and  arranged  radiately .  .  .  .  .  .8 

Slits  slender,  and  subparallel  to  each  other  ........  9 

Two  tubercles  above  anal  area ;  stigmal  field  with  distinct  processes  around  it.  Anthomyiidae 
Four  or  more  tubercles  above  anal  area  ;  slits  of  stigmal  plates  usually  pointed 

at  one  end  ............  Muscina 

A  button  to  each  stigmal  plate  ;  slits  rather  transverse  to  body  .  .  .  Callipliorinae 

No  button  to  stigmal  plates,  slits  of  one  plate  subparallel  to  those  in  opposite 


plate  ;  plates  at  bottom  of  a  pit 


Sarcopliagidae 


Dexler  (1916)  carried  on  observations  in  two  of  the  biggest  meat  markets  in 
Vienna  on  the  kinds  of  flies  which  visit  markets  and  lay  their  eggs  upon  .exposed 
meat.  Among  the  flies  found  to  have  this  habit  were  naturally  nearly  all 
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of  the  species  whose  larvae  have  been  found  in  cases  of  internal  myiasis.  The 
custom  of  eating  raw  meat  is  more  prevalent  among  the  Germans  than  among 
other  European  peoples.  Since  Cao  has  shown  the  persistence  of  pathogenic 
organisms  in  fly  larvae,  the  possibilities  of  disease  transmission  in  this  way 
become  evident. 

Ordinarily  this  more  or  less  accidental  myiasis  of  the  alimentary  tract  is 
harmless,  but  there  are  occasionally  rather  serious  disturbances — pains  in  the 
abdomen,  vomiting,  diarrhoea,  and  intestinal  bleeding  may  occur.  In  some 
eases,  where  there  is  vertigo,  the  absorption  of  toxic  substances  from  these 
larvae,  especially  when  they  occur  in  considerable  numbers,  is  suspected.  These 
symptoms  are  more  apt  to  occur  where  the  larvae  ingested  are  those  of  Fannia  or 
Piophila  (cheese  maggot)  than  with  others.  There  are  instances  recorded 
where  the  larvae  have  injured  the  lining  membranes  of  the  stomach  and  intestines 
to  some  extent,  and  possibly  appendicitis  may  have  been  caused  in  some 
instances  by  Fannia  larvae.  It  is  on  record  that  the  larvae  of  the  common 
house-fly,  in  one  case  in  the  Philippines,  did  considerable  damage  to  the 
walls  of  the  stomach,  and  twenty  or  thirty  maggots  were  removed  by  means 
of  the  stomach  pump.  The  usual  remedies  for  intestinal  worms  should  free 
the  patient  from  any  of  the  fly  larvae  occurring  in  such  cases,  but,  of  course, 
prevention  by  avoiding  the  use  of  food  substances  apt  to  be  infested  is  the 
best  course. 

Although  the  following  aspect  of  this  subject  does  not  come  directly  under 
the  myiasis  classification  which  we  have  adopted,  it  should  be  mentioned. 
Myiasis  of  the  urinary  tract  is  rare,  and  the  records  are  concerned  practically 
entirely  with  the  little  flies  found  commonly  about  latrines  and  which  are  now 
placed  in  the  genus  Fannia  (formerly  Iiomalomyia).  Chevrel  (1909)  made 
a  careful  analysis  of  all  reported  cases  of  this  kind,  twenty  in  number,  six  of 
which  he  regarded  as  authentic,  ten  probable,  and  four  doubtful.  He  adds  one 
case  which  came  under  his  own  observation.  Fannia  scalaris  Fabr.,  a  species 
common  to  Europe  and  North  America  and  of  wide  distribution,  is  the  species 
involved.  Chevrel  thinks  that,  while  the  eggs  may  be  carried  into  urinary 
passages  by  sounds  and  catheters  or  by  water  used  for  irrigating,  they  are 
generally  deposited  by  the  adult  flies  about  the  meatus  urinarius  under  favour¬ 
able  conditions,  sometimes  attracted  by  gonorrhoeal  or  other  albuminoid  dis¬ 
charge.  The  young  larvae,  on  hatching,  pass  into  the  urethra  and  on  into  the 
bladder.  King  (1914)  has  reported  one  of  the  latest  cases  in  which  a  Virginia 
farmer  passed  larvae  of  Fannia  scalaris  with  his  urine  on  several  occasions  in 
October.  Contamination  in  this  case  probably  took  place  while  the  patient  was 
seated  at  stool,  the  flies  being  attracted  by  the  presence  of  a  slight  urethral 
discharge.  Larvae  were  passed  ten  days  apart,  indicating  possibly  that  they 
were  from  different  infections.  From  the  patient’s  sensations,  the  larvae  had 
evidently  penetrated  the  prostatic  urethra. 

In  certain  of  these  cases  the  possibility  of  pseudoparasitism  should  not  be 
overlooked.  Many  cases  are  on  record  where  it  has  been  shown  that  neurotic 
females  especially  have  placed  foreign  objects,  sometimes  dipterous  larvae  and 
even  angle-worms,  in  their  genital  and  other  openings. 

LARV-ffi  SUCKING  BLOOD  THROUGH  PUNCTURES  IN  THE  SKIN. 

Although  there  are  many  biting  adult  flies,  blood-sucking  larvae  are  scarce. 
Those  known  belong  to  the  Muscid  group  named  the  Calliphorinae,  and  the 
blood-sucking  habit  of  the  larvae  seems  to  have  been,  from  the  evolutionary 
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point  of  view,  of  recent  acquisition.  For  the  most  part  the  species  which  have 
this  habit  are  found  in  the  customary  sleeping-places  of  certain  smooth-skinned 
animals  in  Africa,  such  as  the  wart-hog,  and,  in  other  parts  of  the  world,  in  the 
nests  of  young  birds.  Gradually  an  African  species,  Auchmeromyia  luteola 
Fabr.  (fig.  228),  seems  to  have  acquired  the 
habit  of  feeding  upon  the  blood  of  certain  of 
the  non-nomadic  African  tribes  of  the  Negro 
and  Bantu  races,  and  to  be  spread  through¬ 
out  tropical  Africa  south  of  the  Sahara 
Desert.  It  apparently  does  not  occur  in  the 
country  inhabited  by  the  Berbers  and  the 
Arabs.  The  habit  as  it  at  present  exists  is 
evidently  an  evolutionary  phase  which  may 
result  in  a  permanent  parasitic  type.  The 
adult  fly,  looking  much  like  a  blow-fly,  dirty 
yellowish  brown  in  colour,  inhabits  shady 
places  and  feeds  upon  rotting  fruit,  and  is 
attracted  to  the  excrement  about  the  native 
huts.  The  larva,  known  in  the  English 
literature  as  the  Congo  floor  maggot,  was  first 
described  by  Lelean  in  1904,  and  the  habits 
were  afterwards  worked  out  by  Dutton, 

Todd,  and  Christy  (1904).  The  fullest  account 
is  that  by  Roubaud  (1913),  who  studied  the 
insect  at  several  points  in  Africa  during 
several  years.  The  eggs  are  laid  preferably 
in  cracks  in  the  packed  earth  of  the  floor  of 
native  huts,  and  from  thirty  to  eighty  eggs 
are  thus  laid  singly.  These  hatch  in  a  few 
days,  and  the  larvae  remain  beneath  the 
surface  of  the  ground,  issuing  to  suck  the 
blood  of  any  naked  native  lying  upon  the 
floor  during  the  night.  They  cannot  pene¬ 
trate  clothing. 

The  sucking  is  conducted  in  a  curious 
way.  The  head  segment  is  retracted,  and 
the  lips  of  the  second  segment  form  a  kind 
of  sucking  disk  attaching  the  larva  firmly  to 
the  skin  of  its  host.  The  curved  hooks  of 
this  segment  scarify  the  skin  and  draw  blood 
which  is  absorbed  by  the  maggot.  It  soon 
becomes  reddish  in  colour  from  the  tint  of 
the  blood  absorbed,  although  naturally  dirty 
white  and  wrinkled  in  appearance. 

The  bite  is  not  irritating,  and  as  many  as  twenty  larvae  biting  the  same 
subject  will  usually  produce  no  inflammation.  The  natives  collect  them  by 
digging  in  cracks  under  sleeping  mats  with  their  knives.  The  larvae  moult  twice 
•and  pupate  in  from  fifteen  days  to  two  and  a  half  months,  the  time  being  ex¬ 
tended  according  to  the  amount  of  food  they  are  able  to  get.  They  may  exist 
without  food  for  nearly  a  month.  The  pupal  stage  occupies  about  eleven  days, 
and  the  adult  reaches  sexual  maturity  about  two  weeks  after  emergence. 


Fig.  228.  Larva  of  Auchmeromyia 
luteola.  Drawn  by  Harry  Bradford. 
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Apart  from  the  measure  of  ridding  the  soil  of  the  maggots  by  hand,  or  where 
possible  destroying  them  with  petroleum,  the  best  preventive  is  to  sleep  on  beds 
or  upon  very  thick  mats  raised  a  few  inches  above  the  soil. 


REFERENCES. 

1.  Banks,  Nathan  (1912).  The  structure  of  certain  dipterous  larvae,  with  particular  reference 

to  those  in  human  foods.  Tech.  Series  No.  22,  Bureau  of  Entom.,  U.S,  Dept.  Agric., 
January  10,  1912,  pp.  44. 

2.  Foreman,  F.  W.,  and  Graham-Smith,  G.  S.  (1917).  Investigations  on  the  prevention 

of  nuisances  arising  from  flies  and  putrefaction,  Journal  of  Hygiene,  XVI,  No.  2,  October, 
1917,  pp.  8-224  with  5  plates. 

3.  Graham-Smith,  G.  S.  (1914).  Flies  in  Relation  to  Disease  ...  Non-bloodsucking  Flies.  Cam¬ 

bridge  University  Press,  390  pp. 

4.  Hewitt,  C.  G.  (1914).  The  House  Fly,  etc.,  Cambridge  University  Press.  (Myiasis  on 

pp.  307-8.) 

5.  Patton,  W.  S.,  and  Cragg,  F.  W.  (1913).  A  Text-hook  of  Medical  Entomology. 

0.  Roubaud,  E.  (1913).  Recherches  sur  les  Auchmeromyies,  Calliphorines  a  larves  succuses 
de  sang  de  l’Afrique  tropicale.  Bull,  scient.  de  la  France  et  de  la  Belgique,  Vol.  XLVII, 
pp.  105-202. 

7.  Roubaud,  E.  (1918).  Le  role  des  mouches  dans  la  dispersion  des  amibes  dysenteriques 

et  autres  protozoaires  intestinaux.  Bull.  Soc.  Path.  Exot.,  Vol.  XI,  No.  3,  pp.  166-71- 

8.  Scott,  J.  R.  (1917).  Studies  upon  the  common  house-fly  ( Musca  domestica  Linn.).  Journ. 

Med.  Res.,  Vol.  XXXVII  (n.s.  Vol.  XXXII),  whole  No.  164,  pp.  1-119. 


CHAPTER  21 

THE  BLOOD  SUCKING  MUSCIDiE 

BY 

LL.  LLOYD 

D.Sc.  Captain,  Royal  Army  Medical  Corps  (T.F.). 

AND 

WALTER  SCOTT  PATTON 

M.B.,  Cli.B.,  Edinburgh.  F.E.S.  Major,  Indian  Medical  Service  (retired).  Lecturer  on  Medical 

Entomology,  Edinburgh  University. 

INTRODUCTION. 

The  blood-sucking  Muscids  consist  of  a  small  group  of  closely  related  species 
which  belong  to  the  family  Muscidse.  The  blood-sucking  habit,  though 
uncommon  in  this  family,  is  nevertheless  exhibited  by  some  of  its  simplest 
members,  the  species  of  the  genus  Musca,  popularly  known  as  house-flies, 
which  in  tropical  countries  at  least,  may  often  be  taken  distended  with  blood 
obtained  from  the  bazaar  meat  shops.  Although  the  true  house-flies  subsist 
on  a  mixed  diet,  they  show  a  distinct  liking  for  shed  blood,  serous  and  pustular 
discharge,  and  in  this  way  come  to  play  an  important  part  in  disseminating 
disease  germs.  Among  the  more  specialized  members  of  the  group,  the  prefer¬ 
ence  for  blood  has  played  such  an  important  part  in  their  economy,  that  in  the 
process  of  time  the  simple  Musca-like  proboscis  has  become  strengthened  and 
provided  with  a  cutting  apparatus  capable  of  piercing  the  toughest  hide. 
Though  most  of  the  true  blood-sucking  forms  rarely  attack  man,  Stomoxys 
calcitrans,  the  stable-fly,  is  a  good  example  of  a  species  which  exhibits 
a  liking  for  human  blood  ;  a  liking  which  becomes  definitely  established  in  one 
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of  the  species  of  tsetse-fly,  Glossina  palpalis ,  one  of  the  most  specialized  members 
of  the  group.  This  liking  for  human  blood  on  the  part  of  the  tsetse-flies  has 
resulted  in  the  transference  of  flagellates,  Trypanosoma  gambiense  and  T.  rhode- 
siense,  usually  parasitic  in  the  blood  of  certain  game  animals  in  Africa,  to  man, 
in  whom  they  produce  the  fatal  disease  known  as  sleeping  sickness  (Vol.  II). 
Although  the  blood-sucking  Muscidae  only  form  a  small  group  of  the  large 
family  of  Muscid  Diptera,  they  certainly  include  some  of  the  most  important 
flies  which  concern  man. 

Definition  and  limits  of  the  group. 

The  Muscidae  may  be  defined  as  follows  :  small,  to  rather  large,  greyish 
black,  hairy  but  not  spiny  flies,  with  thoracic  bands.  The  arista  is,  as  a  rule, 
plumed  on  both  sides  and  always  to  the  tip.  The  eyes  are  more  or  less  contigu¬ 
ous  in  the  male  and  widely  separated  in  the  female.  The  first  posterior  cell  is 


Fig.  229.  Proboscis  of  Musca  nebulo,  diagramatic  side  view.  (After  Patton 
and  Cragg.)  The  rostrum  is  the  portion  above  (i.  e.,  to  the  right  of)  and  including 
x,  the  buccal  cavity  ;  the  haustellum  is  the  portion  between  x  and  x',  the  discal 
sclerite  ;  fu,  fulcrum  ;  ph,  pharynx  ;  sld,  salivary  duct ;  m,  mentum  ;  lep, 
labrum  epipharynx ;  hy,  hypo  pharynx ;  lg,  labial  gutter ;  la,  labellum ; 
pm,  pseudotracheal  membrane  ;  p,  palpus. 

closed  or  nearly  so,  except  in  some  of  the  blood-sucking  species  ;  and  the  fourth 
vein  often  has  a  rounded  bend. 

The  Tachinidae  may  be  distinguished  by  the  bare  arista  and  the  more  or  less 
heavily  bristled  abdomen  ;  the  Sarcophagidae,  or  flesh-flies,  by  their  grey  or 
silvery  tessellated  appearance,  by  the  fourth  vein  ending  before  the  apex  of 
the  wing,  and  by  the  arista  being  plumed  for  about  half  its  length  on  both  sides  ; 
the  Calliphoridae.  or  blow-flies,  by  their  metallic  or  yellow  coloration,  and  the 
more  Sarcopliaga- like  arista. 

The  study  of  the  blood-sucking  Muscidae  is  best  approached  from  the  stand¬ 
point  of  the  evolutions  of  the  proboscis  from  the  simplest  type  found  in  Musca 
to  the  highly  developed  proboscis  of  Glossina ,  and  in  this  way  the  limits  and 
systematic  position  of  the  groups  will  be  clearly  established.  This  study  will 
be  facilitated  by  a  short  reference  to  the  structure  of  the  proboscis  of  Musca . 

It  will  be  remembered  that  the  proboscis  of  Musca  (fig.  229)  is  cylindrical 
.  in  shape  and  blunt  at  the  end  ;  it  consists  of  the  rostrum,  the  haustellum,  and 
the  labella.  The  rostrum  is  attached  to  the  margins  of  the  epistomal  orifice, 
and  when  at  rest,  passes  back  into  the  head  cavity  ;  the  palps  are  attached  to 
its  anterior  surface,  and  it  contains  the  fulcrum,  pharynx,  salivary  duct,  air  sacs, 
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and  muscles.  The  haustellum  consists  of  the  labrum,  epipharynx  and  hypo- 
pharynx,  which  together  form  the  sucking-tube,  and  the  labium  in  which  the 
tube  is  concealed  ;  in  the  wall  of  the  labium  there  is  a  large  chitinous  plate, 
the  mentum.  The  labella  are  two  oval  lobes  attached  to  the  labium  and 
containing  the  pseudotracheal  membrane,  by  means  of  whose  channels  the  fly 
absorbs  its  food.  The  prestomal  teeth,  arranged  in  three  rows,  and  in  this  case 
very  delicate  structures,  lie  between  the  terminations  of  the  channels  at  the 
margin  of  the  prestomium. 

It  can  be  readily  understood  that  a  fly  armed  with  such  a  proboscis  is 
incapable  of  piercing,  or  even  scratching,  the  skin  to  obtain  blood.  Musca 
domestica  and  its  allies  are  by  habit  domestic  insects  and  can  readily  obtain 
shed  blood  from  meat  shops  and  slaughter  houses,  and  can  thus  satisfy  their  tastes. 
The  haematophagous  species  of  Musca ,  on  the  other  hand,  are  wild  insects,  and 
as  they  are  armed  with  proboscides  similar  to  those  of  the  domestic  species, 
have  to  obtain  blood,  their  chief  food,  in  another  way.  Some  have  perforce  to 
follow  and  wait  upon  the  true  biting  flies,  and  to  suck  up  what  is  left  when  these 
have  satisfied  themselves  on  their  meal  of  blood  ;  others  are  more  aggressive 
and  attack  a  biting  fly  as  soon  as  it  commences  to  suck  blood  and  force  it  to 
withdraw  its  proboscis,  when  they  suck  up  the  blood  which  wells  up  from  the 
wound.  The  species  also  feed  on  serous  discharges  from  wounds,  abrasions, 
and  the  eyes  ;  they  are  necessarily  intermittent  feeders,  and  the  male  behaves 
in  the  same  way  as  the  female. 

In  this  group  are  included  such  species  as  Musca  autumnalis  De  Geer, 
M.  larvipara  Portchinsky,  M.  pattoni  Austen,  M.  bezzii  Patton  &  Cragg, 
M.  gibsoni  Patton  &  Cragg,  M.  convexifrons  Thompson,  M.  humilis  ( angusti - 
frons  Thompson,  eutineata  Bigot)  Wied,  and  M.  nigrithorax  Stein  ;  and  many 
others  whose  habits  have  not  yet  been  studied. 

A  closer  observation  of  the  habits  of  these  interesting  species  of  Musca 
suggests  that  some  of  them  use  their  prestomal  teeth  to  scratch  away  a 
partially  organized  blood  clot,  and  in  this  way  obtain  some  blood  or  serous 
fluid  from  a  wound.  An  examination  of  the  proboscides  supports  this  view, 
for  already,  in  at  least  one  of  the  species  mentioned  above,  the  prestomal  teeth 
are  reduced  in  number,  there  being  only  one  instead  of  three  rows  as  in  Musca 
domestica  ;  and  this  is  one  of  the  earliest  changes  towards  the  extremely  efficient 
scratching  proboscis  of  Philcematomyia  crassirostris  Stein.  The  study  of  the 
secretions  of  the  salivary  glands  of  Musca  nebulo  Fabr.,  M.  convexifrons  Thompson, 
M.  pattoni  Austen,  Philcematomyia  crassirostris  Stein,  and  Stomoxys  calcitrans 
L.,  brings  out  the  interesting  facts  that  in  a  typical  domestic  species  like 
nebulo,  and  a  haematophagous  species  like  convexifrons  there  is  no  anticoagulin 
in  the  salivary  secretion  ;  on  the  other  hand  the  salivary  secretion  of  Musca 
pattoni  Austen  contains  a  feeble  anticoagulin  which,  in  the  case  of  Philcema¬ 
tomyia  crassirostris ,  is  the  most  important  constituent.  A  moment’s  consideration 
of  the  method  of  feeding  of  this  fly  will  at  once  explain  the  necessity  for  this 
anticoagulin.  Ph.  crassirostris  can  only  obtain  blood  by  scratching  the  skin 
of  its  host,  and  in  order  to  suck  up  the  blood,  it  must  be  kept  fluid  enough  to 
pass  up  the  pseudotracheal  channels.  This  can  only  be  accomplished  by  the 
blood  remaining  fluid,  and  an  anticoagulin  must  be  mixed  with  it  as  it  exudes 
from  the  scratched  surface.  The  salivary  secretion  of  Stomoxys  calcitrans, 
however,  does  not  contain  any  anticoagulin,  for  this  type  of  proboscis  pierces 
the  skin  and  the  blood  is  not  sucked  up  through  delicate  channels.  The  mesen- 
teron  of  Ph.  crassirostris  contains  a  powerful  coagulin  of  unknown  function, 
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but  possibly  to  counteract  the  anticoagulin  in  the  salivary  secretion.  This 
coagulin  is  first  found  as  a  constituent  of  the  mesenteron  in  M.  convexifrons, 
where  it  is  fairly  potent,  and  it  is  very  marked  in  M.  pattoni,  and  still  present 
in  S.  calcitrans. 

In  the  genus  Philcematomyia  the  proboscis  (fig.  230)  is  essentially  a  scratching 
organ,  and  the  three  known  species  exhibit  in  this  respect  separate  and  distinct 
specialization  towards  the  piercing  proboscis  ;  like  that  of  Musca,  it  is  completely 
retractile.  In  Ph.  lineata  the  nearest  link  to  the  hsematophagous  species  of 
Musca ,  the  prestomal  teeth  are  reduced  in  number,  there  being  only  four  on 
each  side,  and  each  tooth  is  thickened  and  attached  by  an  expanded  base. 
The  hypopharynx,  though  closely  resembling  that  of  Musca,  is  separated  from 
the  labial  gutter,  stamping  the  species  as  a  true  blood-sucking  fly.  But  the 
separation  of  the  discal  sclerite  into  two  parts  represents  the  most  important 
advance  in  specialization,  an  advance  which  is  shown  to  a  marked  degree  in 


Fig.  230.  Proboscis  of  Philcematomyia  crassirostris.  (After  Patton  and  Cragg.) 
ds,  discal  sclerite  ;  other  lettering  as  in  fig.  229. 

the  other  two  members  of  the  genus.  In  the  proboscides  of  Ph.  gurneyi  Patton 
&  Cragg,  and  in  Ph.  crassirostris,  the  prestomal  teeth  are  enormously  thickened, 
and  between  there  is  now  a  complicated  interdental  armature  ;  the  discal 
sclerite  is  much  thicker  and  is  now  differentiated  into  two  parts.  The  labial 
gutter  is  keeled  for  the  attachment  of  powerful  muscles.  In  short,  the  proboscis  is 
eminently  adapted  for  scraping  and  scratching  the  skin  and  is  a  most  efficient  organ. 

In  the  Stomoxydinse,  in  which  are  included  Stygeromyia  Austen.  Hcematobia 
Audinet  Saville,  Hcematobosca  Bezzi,  Bdellolarynx  Austen,  Stomoxys  Geoffry 
and  Lyperosia  Rondani,  the  proboscis  is  a  piercing  organ  but  constructed  on 
the  same  plan  as  that  of  Musca.  The  apparent  gap  between  Philcematomyia 
and  the  nearest  link  of  the  Stomoxydinse  seems  perhaps  a  wide  one,  but  it  is 
difficult  to  picture  any  structure  exhibiting  more  gradual  change  from  the 
scratching  to  the  piercing  proboscis  ;  in  the  act  of  scratching  the  teeth  must 
enter  the  skin. 

In  the  Stomoxydinse  there  is,  however,  a  marked  change  ;  the  haustellum 
is  greatly  elongated  and,  as  it  cannot  be  concealed,  may  even  project  beyond 
.the  head  ;  the  rostrum,  on  the  other  hand,  is  reduced  in  size.  The  buccal  cavity 
is  altered  to  form  a  duct  with  a  wide  lumen.  The  mentum  is  spindle-shaped 
and  expanded  at  its  upper  end  to  form  the  so-called  4  bulb  ’,  the  prominent 
swelling  at  the  base  of  the  proboscis  just  below  the  head.  The  labella  are 
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reduced  to  small  oval  lobes  and  the  pseudotracheal  membrane,  though  distinctly 
recognizable  in  Stygeromyia,  Hcematobia,  and  Bdellolarynx,  has  almost  dis¬ 
appeared.  The  teeth  and  interdental  armature,  on  the  other  hand,  are  greatly 
increased  in  size  and  now  come  to  form  a  much  more  complicated  cutting 
apparatus.  Stygeromyia  shows  the  more  Musca-Mke  proboscis,  intermediate 
forms  are  Hcematobia ,  Bdellolarynx,  and  Hcematobosca,  while  Stomoxys  and 
Lyperosia  possess  more  complicated  proboscides  and,  in  other  respects  too, 
come  nearest  to  Glossina. 

In  all  these  forms  the  discal  sclerite  is  modified  and  reduced  until  in  Glossina 
it  has  disappeared  altogether.  In  many  other  ways  the  proboscis  of  Glossina 
shows  the  highest  development  as  regards  its  structure  and  as  a  piercing  organ, 
and  as  such  possesses  a  very  complicated  cutting  apparatus.  A  study  of  this 
type  of  proboscis  throws  light  on  the  peculiar  retractile  and  concealed  proboscis 
of  the  Pupipara,  when  the  ground  plan  is  essentially  that  of  Musca.  The  pupi- 
parous  proboscis  has  become  adapted  to  the  peculiar  habits  of  the  species,  most 
of  which  live  among  the  hairs  or  feathers  of  their  hosts,  and  under  these  con¬ 
ditions  a  projecting  proboscis  would  obstruct  and  hinder  rapid  movement. 

This  short  review  of  the  structure  of  the  proboscis  in  the  group  gives  the 
best  clue  to  their  origin  and  present  limits,  for  it  shows  that  they  have  originated 
from  a  Musca-\ike  ancestor,  oviparous  in  habit,  the  type  of  which  is  to  be  seen 
to-day  in  the  genus  Musca. 

In  the  process  of  time  one  of  the  pseudotracheal  rings,  due  to  constant 
friction  in  the  endeavour  to  obtain  blood,  has  developed  into  blade-like  teeth,  and 
as  these  have  come  to  be  used  to  scrape  away  clots  and  scabs,  they  have  become 
efficient  cutting  organs.  More  perfect  adaptation  of  the  scraping  proboscis  has 
led  to  a  piercing  one  of  complicated  structure,  present  in  the  majority  of  the 
species  to-day  ;  and  the  adoption  of  a  louse-like  parasitic  habit  has  finally 
evolved  the  retractile,  though  still  Musca-like,  piercing  proboscis  of  the  Pupipara. 
Early  in  the  group  the  blood-sucking  habit  has  developed  the  larviparous  forms 
Musca  larvipara  and  Musca  bezzii,  where  the  larva  is  deposited  at  an  early  stage 
of  its  growth,  and  though  most  of  the  members  are  oviparous,  the  larviparous 
habit  reaches  its  highest  development  in  the  genus  Glossina  and  the  Pupipara. 

Key  to  the  genera  of  blood-sucking  Muscidse. 

Small  to  large-sized  greyish  black  or  yellowish  to  dark  brown  flies,  with  two 
or  more  black  thoracic  bands,  the  majority  armed  with  a  well-marked  projecting 
proboscis. 

1.  Proboscis  completely  retractile,  capable  of  being  flexed  back  under 
the  head  and  concealed  ;  haustellum  not  increased  in  length  as 
compared  to  the  rostrum  ;  mentum  not  reinforced  with  chitin  ; 
prestomal  teeth  numerous  and  arranged  in  one  to  three  rows  ; 
pseudotracheal  membrane  present  and  functional  (fig.  229)  Musca  L. 

Proboscis  completely  retractile  and  capable  of  being  flexed  back 
under  the  head  and  partially  concealed  ;  haustellum  increased 
in  length  as  compared  to  rostrum  ;  mentum  strongly  reinforced 
with  chitin,  and  visible  ;  hypopharynx  free  from  labial  gutter, 
not  partially  free  as  in  Musca  ;  prestomal  teeth  not  numerous, 
and  arranged  in  one  row  on  each  side,  teeth  thickened  and 
elongated  ;  pseudotracheal  membrane  present  and  functional 
(figs.  230  and  231).  .....  Bhiloematomyia  Aust. 

Proboscis  not,  or  only  partially  retractile  ;  haustellum  elongated, 
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3. 


forming  a  more  or  less  conspicuous  projection  in  front  of  head  ; 
mentuni  greatly  thickened  and  forming  the  4  bulb  ’ ;  prestomal 
teeth  wider  and  stronger,  and  interdental  armature  more  com¬ 
plicated  ;  labella  reduced  and  pseudotracheal  membrane  either 
absent  or  represented  by  traces  .  .  .  .  .  .  .  2 

Arista  with  simple  bristles  on  both  sides  .  .  .  .  .  .5 

Arista  with  simple  bristles  only  on  its  upper  surface  .  .  .  .3 

Arista  with  branched  bristles  on  its  upper  surface  .  Glossina  Wied. 
Palpi  slender,  shorter  than  proboscis  and  completely  concealed  when 
proboscis  at  rest  ;  proboscis  projecting  well  beyond  head 
(fig.  236)  ........  Stomoxys  Geoff. 

Palpi  more  or  less  club-shaped,  as  long  or  longer  than  proboscis, 
and  ends  visible  when  proboscis  at  rest  ;  proboscis  moderately 
long  ............  4 


4.  Palpi  club-shaped,  as  long  as  proboscis  and  curved  upwards.  Pro¬ 

boscis  short  and  rather  blunt  ;  labella  distinct ;  first  posterior 
cell  narrowed  (figs.  232  and  233).  Medium  sized  robust  flies  of 
crepuscular  habits  ......  Stygeromyia  Aust. 

Palpi  straight  and  feebly  club-shaped,  longer  than  proboscis  and 
appearing  to  adhere  to  it.  Proboscis  long  and  pointed  with  very 
rudimentary  labella  ;  first  posterior  cell  widely  open  (figs.  238 
and  239).  Small  flies  with  slender  bodies  .  .  Lyyerosia  Rond. 

5.  Palpi  as  long  as  proboscis  and  feebly  club-shaped.  Arista  with  six 

to  seven  bristles  above  and  one  to  two  below.  Fourth  longitu¬ 
dinal  vein  strongly  curved  and  first  posterior  cell  narrowly  open . 

Hcematobosca  Bezzi 

Fourth  longitudinal  vein  feebly  curved  and  first  posterior  cell  widely  open .  6 

6.  Arista  with  five  to  eight  bristles  above  and  three  to  four  below 

(figs.  234  and  235).  Marked  sexual  dimorphism,  legs  in  male 
reddish  yellow  in  colour.  European  and  Oriental 

Hcematobia  Audinet-Saville 

Arista  with  eleven  long  bristles  on  its  upper  surface  and  five  on  its 
lower.  No  marked  sexual  dimorphism.  Oriental  species 

Bdellolarynx  Aust. 

DESCRIPTION  OF  GENERA  AND  SPECIES. 


Musca  L.  The  genus  Musca  includes  two  groups  of  species  with  very 
distinct  habits  ;  the  one  the  true  house  and  bazaar  flies  with  Musca  clomestica 
as  the  type  (p.  422)  and  the  other  containing  the  haematophagous  species  with 
Musca  autumnalis  de  Geer  ( ^corvina  Fabr.)  as  the  type.  The  latter,  whose 
habits  have  been  noted  above,  are  mainly  found  in  the  field,  around  stable 
yards,  and  cowsheds,  in  company  with  the  true  biting  flies  ;  nearly  all  are 
oviparous  and  lay  their  eggs  in  cow-dung.  They  are  only  of  interest  to  the 
veterinary  officer. 

Philsematomyia  Austen.  The  genus  Philcematomyia  contains  three  species 
which  closely  resemble  Musca.  They  can,  however,  be  distinguished  by 
examining  the  proboscis  either  with  a  lens  or  after  mounting  it  on  a  slide. 
Philcematomyia  crassirostris  Stein,  the  commonest  species,  is  a  small  yellowish 
grey  fly  with  four  brown  thoracic  bands.  It  is  widely  distributed  in  the  Palae- 
arctic,  Oriental,  and  Ethiopian  regions  ;  it  feeds  almost  exclusively  on  bovines 
and  equines,  and  only  very  occasionally  attacks  man. 

Stygeromyia  Austen.  The  flies  belonging  to  this  genus  can  be  readily 


454 


ENTOMOLOGY 


recognized  by  noting  whether  the  arista  is  only  plumed  on  its  upper  surface 
(fig.  232) ;  by  the  short  rather  solid  proboscis  and  well-marked  though  small 
labella  and  club-shaped  palps  ;  by  the  marked  curvature  of  the  fourth  vein 
and  the  narrowly  opened  first  posterior  cell  (fig.  233). 

The  three  known  species  are  small  but  un¬ 
common  flies  and  are  crepuscular  in  habit  ; 
S.  woosnammi  Austen,  was  caught  biting  man  in 
B.E.  Africa. 

Hsematobia  Audinet-Saville,  Hsematobosca 
Bezzi,  and  Bdellolarynx  Austen.  The  biting  Mus- 
cids  belonging  to  these  genera  can  be  distinguished 
from  each  other  by  paying  particular  attention 
to  the  shape  of  the  first  posterior  cell  and 
the  number  of  bristles  on  the  arista.  All  the  species 
attack  bovines  and  equines  and,  as  a  rule,  only  bite 
man  when  he  is  in  the  vicinity  of  these  animals 
(figs.  234  and  235)  ( Hcematobia  stimulans  is  illus¬ 
trated  in  fig.  240). 

Stomoxys  Geoffry.  The  species  of  this  genus 
are  medium  sized  greyish  or  greyish  black  rather 
Muscci-\\ke  flies,  with  somewhat  ovoid  abdomens 
showing  spots  or  stripes,  and  with  a  well-marked 
projecting  proboscis  ;  the  arista  is  only  plumed 
on  its  upper  surface  (fig.  236) ;  the  first  posterior 
cell  is  broadly  open  (fig.  237).  The  species,  some 
twenty  in  number,  are  to  be  found  in  all  the 
zoological  regions,  the  type  species  Stomoxys  cal- 
citrans  having  a  world-wide  distribution. 

Stomoxys  calcitrans  L.  (fig.  241).  Thorax 
yellowish  to  whitish  grey,  with  four  dark  longi¬ 
tudinal  bands.  Abdomen  yellowish  grey  with 
a  short  dark  stripe  on  second  and  third  segments, 
circular  dark  spots  of  varying  size  on  the  same 
segments,  and  a  small  transverse  band  or  spot 
on  fourth  segment. 


Fig.  231.  Head  of  female 
Philcematomyia  crassirostris 
in  profile,  showing  proboscis 
when  at  rest.  Note  the  heavily 
chitinized  mentum.  (After 
Austen.) 
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Fig.  232.  Head  of  Slygero- 
myia  maculosa  Austen  in  pro¬ 
file  to  show  arista,  proboscis, 
and  palps.  (After  Patton.) 


Fig.  233.  Wing  of  Stygeromyia 
maculosa.  (After  Patton.) 


Although  all  the  species  of  the  genus  attack  bovines  and  equines,  S.  calcitrans 
is  a  true  human  pest.  During  the  late  campaign  in  Mesopotamia  this  fly  was 
very  troublesome,  coming  into  tents  and  huts  and  biting  the  occupants  ;  it 
also  came  on  board  the  river  steamers.  Its  bite  is  sharp  and  painful  ;  the 
proboscis  can  easily  pass  through  thick  hose  and  even  cloth. 


Fig.  234.  Head  of  Hcematobia  stimulans 
in  profile  ;  note  arista  and  palps. 


Fig.  235.  Wing  of  Hcematobia  stimulans. 


Fig.  236.  Head  of  Stomoxys  calcitrans 
in  profile  ;  note  arista  and  small  hidden 
palps. 


Fig.  237.  Wing  of  Stomoxys  calcitrans. 


Fig.  238.  Head  of  Lyperosia  irritans 
in  profile  ;  note  arista  and  palps. 


Fig. [239.  Wing  of  Lyperosia  irritans. 
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Bionomics  of  Stomoxys  calcitrans. 

Like  most  of  the  Stomoxydime,  S.  calcitrans  lays  its  eggs  either  singly  or  in 
small  batches  of  from  two  to  three  eggs.  Each  egg  measures  about  -^5  inch  (1  mm.) 
in  length,  is  creamy  white  in  colour,  curved  on  one  border  and  straight  on  the 
other,  which  has  the  usual  Muscid  egg  furrow.  The  mature  larva  measures 
from  11  to  13  mm.,  and  is  of  a  creamy  colour,  somewhat  smoother  than  most 
Muscid  larvae.  The  anterior  spiracles  have  five  finger-like  processes,  and  the 
posterior  spiracles  are  circular,  not  kidney  shaped  as  in  the  other  Muscids. 
The  stigmal  slits  are  moderately  convoluted.  Larval  growth  is  somewhat  slow 
as  compared  to  that  of  others  of  the  group.  The  puparium  is  mahogany  brown 


in  colour  and  is  of  the  typical  barrel  shape  characteristic  of  the  Cyclorraphic 
Diptera.  The  life-cycle  is  completed  in  from  10  to  21  days,  depending  on  the 
temperature  and  food-supply  of  the  larva. 

The  favourite  breeding-grounds  of  this  species  are  stable  litter,  especially 
when  saturated  with  urine  ;  decaying  vegetation,  such  as  garden  and  kitchen 
refuse,  especially  when  containing  tea  leaves  ;  fermenting  straw  ;  soil  containing 
decaying  vegetable  matter  ;  along  banks  of  streams,  rivers,  etc.  Oviposition 
takes  place  to  a  small  extent  in  pure  horse  manure,  the  favourite  breeding- 
ground  of  Stygeromyia  and  Bdellolarynx,  but  never  in  cow-dung.  In  the 
States  it  has  been  noted  that  straw  stacks,  chiefly  oat  straw,  in  which  the  straws 
are  softer  and  there  are  more  leaves,  form  excellent  breeding-places.  In  the 
spring  the  heat  produces  fermentation  and  provides  suitable  food  for  the  larva. 

Relation  to  disease.  Stomoxys  calcitrans  has  been  suspected  of  carrying 
the  germs  of  infantile  paralysis  and  pellagra,  but  this  is  doubtful  (Vol.  III). 

Control.  Destroying  or  rendering  unsuitable  the  breeding-places  is  the 
best  and  only  certain  means  of  controlling  Stoinoxys.  Stable  litter,  straw  and 
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Fig.  241.  Stomoxys  calcitrans,  female. 


Fig.  242.  Lyperosia  irr itans,  female. 

vegetable  refuse  should  not  be  stacked  until  it  is  first  thoroughly  dried,  and 
then  it  should  be  protected  from  rain.  Burning  is  the  best  means  of  disposing 
of  rotten  straw.  Manure  stacks  which  contain  a  large  quantity  of  bed  litter 
should  be  regularly  scattered  and  not  allowed  to  accumulate.  Repellants  are 
not  of  much  use. 
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Lyperosia  Rond.  The  species  of  this  genus,  the  nearest  allies  to  Glossina , 
are  small  yellowish  grey  to  dark  grey  flies  with  elongated  abdomens  and  with 
few  or  no  markings.  The  palpi  are  stout,  broad,  and  about  as  long  as  the 
proboscis  (fig.  238)  ;  the  arista  is  dorsally  bristled.  The  first  posterior  cell  is 
broadly  open  (fig.  239).  The  stigmal  plates  of  the  larva  are  closer  together  than 
in  most  of  the  Stomoxydinse  and  the  breathing  slits  are  narrow  and  convoluted 
as  in  the  larva  of  Musca. 

These  flies  are  of  no  medical  importance  as  they  only  attack  bovines,  biting 
on  the  neck  and  shoulders.  Lyperosia  irritans  L.  (fig.  242)  is  known  as  the 
‘  horn-fly  ’  in  the  States  on  account  of  its  habit  of  collecting  at  the  base  of 
the  horn. 


Fig.  243.  Proboscis  of  Glossina  morsitans.  (After  Patton  and  Cragg.)  The 
palpi  ensheath  the  proboscis  above  when  the  fly  is  not  feeding,  p.,  palps  ; 
lep.,  labrum  epipharynx  ;  hy.,  hypopharynx  ;  b.,  bulb. 


Glossina  Wied.  The  tsetse-flies  are  narrow-bodied,  elongated  insects  of 
a  yellowish  to  dark  brown  or  black  colour,  and  vary  in  length  from  6-13-5  mm. 
The  thorax  and  abdomen  may  be  marked  with  inconspicuous  stripes  or  spots. 
The  palpi  are  as  long  as  the  proboscis  to  which  they  are  closely  applied  (fig.  243). 
The  arista  is  feathered  with  branched  bristles  on  its  upper  surface  only.  The 
fourth  longitudinal  vein  bends  up  to  reach  the  margin  of  the  wing  some  distance 
before  the  apex,  and  the  first  posterior  cell  is  narrowly  open  (fig.  244). 

Austen’s  table  for  the  determination  of  groups  and  species  of  Glossina.1 

1.  Hind  tarsi  entirely  dark  brown,  blackish  brown,  or  black  above,  or 
at  least  all  joints  more  or  less  dark  ;  in  G.  tachinoides  Westwood 
the  extreme  tips  of  the  first  three  joints  and  the  extreme  bases  of 
the  second  and  third  joints  are  buff,  and  a  larger  or  smaller  area 
at  base  of  first  joint  is  also  paler  than  remainder  of  joint, 
especially  in  the  female  ....  Glossina  palpalis  group 

1  For  NewsteacFs  scheme  of  classification  of  Glossina  based  on  the  structure  of  the  male 
genital  armature  reference  should  be  made  to  Bull.  Ent.  Res.,  Vol.  II. 
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Hind  tarsi  not  entirely  dark  brown,  blackish  brown,  or  black  above, 
but  either  last  two  joints  above  so  coloured,  and  thus  forming  a 
conspicuous  contrast  with  remaining  joints,  which  are  entirely 
pale,  or  last  two  joints,  viewed  from  above,  conspicuously 
darker  than  first  two  or  first  three  joints  .  .  .  .  .2 

2.  Upper  surface  of  abdomen  distinctly  banded,  i.  e  ground  colour 

pale  (drab,  grey,  buff,  or  ochraceous  buff),  marked  with  very 
conspicuous  dark  brown  or  clove  brown  transverse  bands, 
interrupted  with  median  line  .  .  .  Glossina  morsitans  group 

Upper  surface  of  abdomen  not  so  banded  (i.  e.  abdominal  markings 

not  consisting  of  interrupted  dark  bands  on  a  pale  ground)  .  .  3 

3.  Wings  fairly  dark  (dull  sepia  coloured)  palpi  (except  in  G.  tabani- 

formis  Westw.)  long  and  slender  .  .  .  Glossina  fusca  group 

Wings  pale  (pale  isabella-coloured  or  light  drab),  palpi  short 

Glossina  brevipalpis  group 

Glossina  palpalis  group. 

1.  Dorsum  of  abdomen  ochraceous  buff  or  buff  ;  third  and  following 

segments  exhibiting  sharply  defined  dark  brown  or  clove  brown 
interrupted  transverse  bands  ....  tachinoides  Westw. 
Dorsum  of  abdomen  not  so  marked  .  .  .  .  .  .  .2 

2.  Third  joint  of  antennae  pale  (cream  buff  to  ochraceous  buff),  clothed 

with  long  and  fine  hair,  forming  a  conspicuous  fringe  on  front 

and  hind  margins  ......  pallicera  Bigot 

Third  joint  of  antennae  entirely  dark  (mouse  grey)  except  at  extreme 
base  on  outer  side,  and  without  a  conspicuous  fringe  of  long  and 
fine  hair  ...........  3 

3.  Dorsal  surface  of  abdomen  dark  sepia  brown  ;  median  paler  area  on 

second  segment  broad,  and  more  or  less  quadrate  or  irregular  in 
outline  ;  hypopygium  of  male  buff  or  ochraceous  buff  caliginea  Aust. 
Dorsal  surface  of  abdomen  blackish  brown  ;  median  paler  area 
cuneate  (i.  e.  triangular  in  outline)  ;  hypopygium  of  male  grey 

palpalis  Rob.  Desv. 

Glossina  morsitans  group. 

1.  Last  two  joints  of  front  and  middle  tarsi  with  sharply  defined,  clove 

brown  or  black  tips  .........  2 

Last  two  joints  of  front  and  middle  tarsi  without  sharply  defined, 
clove  brown  or  black  tips  (front  and  middle  tarsi  either  entirely 
pale  or.  at  most,  last  two  joints  of  front  tarsi  faintly  brownish 
at  the  tips,  and  last  joint  and  distal  half  of  penultimate  joint  of 
middle  tarsi  light  brown — never  so  dark  as  to  form  a  sharp 
contrast  with  the  remaining  joints  .  .  .  pallidipes  Aust. 

2.  Third  joint  of  antenna)  with  a  distinct  fringe  of  fine  hair  on  front 

margin  ;  dark  brown  or  clove  brown  bands  on  abdominal 
segments  extending  close  to  hind  margins  (i.  e.  pale  ground 
colour,  apart  from  the  median  interspace,  confined  to  a  very 
narrow  hind  border)  .  .  .  .  ...  longipalpis  Wied. 

Third  joint  of  antennae  without  a  distinct  fringe  of  fine  hair  on  front 
*  margin  ;  dark  brown  or  clove  brown  bands  on  abdominal 

segments,  not  extending  close  to  hind  margins  .  .  morsitans  Westw. 

Glossina  fusca  group. 

1.  Third  joint  of  antennae  fringed  with  fine  hair  on  anterior  and 
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posterior  margins  ;  fringe  on  anterior  margin  conspicuous  under 
a  hand  lens  magnifying  15  diameters  (nominal)  when  head  is 
viewed  in  profile.  .  .  .  .  .  .  .  .  .  2 

Third  joint  of  antennae  with  fringe  of  fine  hair  on  anterior  margin 
so  short  as  to  be  scarcely  noticeable  under  a  hand  lens  magnifying 
15  diameters  (nominal)  when  head  is  viewed  in  profile  (longest 
hairs  in  fringe  in  length  not  exceeding  one-sixth  of  width  of 
third  joint)  ;  palpi  long  and  slender  .  .  .  .  .  .3 

2.  Longest  hairs  in  fringe  on  front  margin  of  third  joint  of  antennae, 

in  length  equal  to  from  one-fourth  to  one-third  (not  exceeding 
one-third)  of  width  of  third  joint ;  palpi  of  moderate  length 

tabaniformis  Westw. 

Longest  hairs  in  fringe  on  front  margin  of  third  joint  of  antennae 
in  length  equal  to  from  one-half  to  three-fourths  of  width  of 
third  joint  ;  palpi  noticeably  long  and  slender  .  nigrofusca  Newst. 

3.  Pleurae  drab,  grey,  or  isabella  coloured,  hind  coxae  buff  or  greyish 

buff  ..........  fusca  Walk. 

Pleurae  dark  grey,  hind  coxae  mouse  grey  .  .  .  fuscipleuris  Aust. 

Glossina  brevipalpis  group. 

1.  Dorsum  of  thorax  with  four  sharply  defined,  dark  brown,  more  or  less 

oval  or  elongate  spots,  arranged  in  a  parallelogram,  two  in  front 
of  and  two  behind  the  transverse  suture  ;  proboscis  bulb  with 
a  sharply  defined  brown  or  dark  brown  tip  .  .  longipennis  Costi. 

Dorsum  of  thorax  without  such  spots  ;  proboscis  bulb  not  brown 

or  dark  brown  at  the  tip  ........  2 

2.  Wings  with  upper,  thickened  portions  of  anterior  transverse  vein 

much  darker  in  colour  than  adjacent  veins  and  thus  standing  out 
conspicuously  against  the  rest  of  the  wing  .  .  brevipalpis  Newst. 

Wings  with  upper  thickened  portion  of  anterior  transverse  vein  not 
much  darker  in  colour  than  adjacent  veins,  and  thus  not  standing 
out  conspicuously  against  the  rest  of  the  wings  (wings  practically 
unicolourous)  .......  medicorum  Aust. 

Glossina  palpalis  Rob.  Desv.  (Plate  XIX.)  a  dark  medium-sized  species 
with  brown  stripes  on  the  bluish  grey  to  olive  grey  thorax.  Abdomen  dark 
brown,  marked  with  pale  and  dark  triangular  areas.  It  is  the  invertebrate  host 
of  Trypanosoma  gambiense,  and  its  distribution  corresponds  to  the  area  in 
which  the  northern  form  of  sleeping  sickness  is  endemic  (Vol.  II). 

Glossina  morsitans  Westwood  (Plate  XX.),  a  light  medium-sized  species 
with  a  light  grey  streaked  thorax.  Abdomen  buff-coloured  with  spots  and 
bands.  It  is  the  invertebrate  host  of  Trypanosoma  rhodesiense  and  T.  brucei. 

[ Glossina  austeni  Newst.,  G.  ziemanni  Grunb.,  and  G.  severini  Newst., 
described  since  the  publication  of  Austen’s  table,  are  not  included  in  the  above 
key.  G.  austeni ,  an  East  African  form  of  which  the  range  is  known  to  extend 
from  Jubaland  (British  East  Africa)  to  Zululand,  is  a  small  species  with  some¬ 
what  pale  scutellum  ;  ochraceous  abdomen,  showing  along  each  lateral  border 
at  least  a  trace  of  dark  transverse  bands,  which  are  widely  interrupted  in  the 
middle  line  ;  and  pale  legs,  except  hind  tarsi  and  extreme  tips  of  the  last  two 
joints  of  the  front  and  middle  pairs  ;  in  the  hind  tarsi  all  joints  may  appear 
uniformly  infuscated  above,  or  the  last  two  joints  may  be  conspicuously  darker 
than  the  rest.  G.  ziemanni  Grtinb.,  at  present  only  known  from  Cameroon, 


PLATE  XIX. 


Glossina  palpalis  Rob.  Desv.  (x  6.)  (After  Austen.  By  permission  of  the 
Trustees  of  the  British  Museum  (Natural  History).) 
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is  10-5  to  11*5  mm.  in  length,  and  deep  blackish  brown  in  colour,  with  all  tarsi 
uniformly  black,  and  very  dark  wings.  In  G.  severini  Newst.,  which  resembles 
G.  fuscipleuris  Aust.,  in  the  colour  of  the  pleurae  and  the  hind  coxae,  and  of 
which  the  type  was  obtained  in  South-East  Belgian  Congo,  the  hind  tarsi 
are  either  uniformly  dark  brown  or  have  the  first  and  second  segments  slightly 
paler  than  the  rest  ;  the  palpi  are  relatively  long  and  stout.  The  length  of 
G.  severini  is  about  10-5  mm.  (E.  E.  A.).] 

The  other  species  can  be  readily  distinguished  by  the  aid  of  Austen’s  key  ; 
as  far  as  is  known  at  present  none  of  them  is  incriminated  in  transmitting 
trypanosomes  to  man. 

GEOGRAPHICAL  DISTRIBUTION  OF  GLOSSINA. 

The  tsetse-flies  are  limited  to  the  Ethiopian  region  where  they  are  very 
widely  distributed,  occurring  in  very  varied  types  of  country.  Austen  gives 
the  following  geographical  limits  for  the  genus  :  4  the  northern  boundary  of 
the  genus  may  be  represented  by  a  line  drawn  from  the  mouth  of  the  Senegal 
River  across  the  middle  of  Lake  Chad  to  the  Nile,  just  south  of  the  twelfth 
parallel  of  north  latitude,  and  thence  to  the  east  coast  at  about  4°  N.  ;  while 
its  southern  limit  may  similarly  be  shown  by  tracing  a  line  from  the  north  of 
the  Cunene  River,  the  southern  boundary  of  Angola,  to  the  north-eastern 
extremity  of  St.  Lucia  Lake  in  Zululand.  The  distribution  of  the  two  most 
important  species,  G.  palpalis  and  G.  morsitans  is  shown  on  the  accompanying 
map  (fig.  245).  Owing  to  our  present  imperfect  knowledge  of  the  distribution 
of  these  species  within  these  areas,  they  can  only  be  considered  to  be  approximate. 

LIFE-HISTORY  AND  BIONOMICS  OF  GLOSSINA. 

Reproduction.  The  tsetse-flies  with  a  few  other  Diptera,  all  of  which  are 
parasitic  on  mammals  and  birds  (except  Brcmla  coeca — parasitic  on  bees),  are 
unique  in  that  they  produce  offspring  potentially  adult.  The  larva  undergoes 
an  intrauterine  development,  and  when  extruded  pupates  without  taking  any 
further  food.  The  insect  therefore  requires  a  particularly  nourishing  diet  and 
finds  this  in  the  form  of  blood.  There  is  no  satisfactory  evidence  that  it  takes 
any  other  form  of  food,  though  it  may  drink  water,  or  perhaps  suck  water  vapour 
into  its  crop.  Several  observers  have  made  statements  which  at  first  sight 
appear  to  indicate  that  vegetable  food  may  be  taken,  but  when  their  evidence 
is  critically  examined  some  vitiating  factor  is  always  found.  For  example, 
one  worker  reported  the  finding  of  vegetable  debris  in  the  guts  of  a  few  G.  palpalis 
out  of  many  dissected,  but  used  in  the  dissection  rain  water  collected  from  the 
roof  of  a  tent,  while  the  bodies  he  described  are  just  of  the  kind  one  would 
expect  to  find  on  a  tent.  If  the  tsetse  whose  habits  are  known  feed  on  plants 
or  fruits  to  even  a  very  small  extent  certain  evidence  of  this  would  have  been 
found  among  the  many  thousands  of  specimens  which  have  been  carefully 
dissected  and  examined  in  trypanosomiasis  research.  Yorke  and  Blacklock 
state:.  4  G.  palpalis  exhibits  a  definite  selective  taste  for  various  fluids  presented 
to  it  under  a  membrane  ;  blood,  red  cells,  and  haemoglobin  solution  being 
much  preferred.  The  attractive  element  in  the  blood  is  the  fraction  of  the 
red  cells  soluble  in  water,  probably  haemoglobin.’ 

The  larvae  develop  one  at  a  time  in  the  uterus  of  the  parent,  feeding  on 
a  milk-like  fluid  secreted  by  special  glands.  The  growth  of  the  larva  occupies 
about  eight  to  twelve  days,  but  there  is  considerable  variation. 

The  tsetse-fly  feeds  rapidly,  obtaining  a  full  meal  in  a  minute  or  so.  The 
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actual  bite  is  often  sharp  and  painful  but  reaction  rarely  follows  it.  Occasionally 
multiplied  biting  causes  a  feeling  of  malaise  in  man. 

Mating.  The  competition  for  the  females  by  the  males  amounts  to  a  perse¬ 
cution.  Coitus  is  the  result  of  capture  apparently  usually  made  on  the  wing. 
In  the  act  the  end  of  the  body  of  the  female  is  trapped  by  the  claspers  of  the 
male.  The  act  is  abnormal  when  the  female  is  pregnant  and  abortion  is  liable 
to  follow  it.  The  females  when  pregnant,  therefore,  hide  away  both  from  the 
males  and  their  enemies,  and  only  issue  out  to  feed,  while  the  males  in  swarms 
accompany  moving  animals  in  the  search  for  mates.  The  consequence  is,  that 
though  the  sexes  are  really  equal  in  number,  the  males  usually  preponderate 
in  a  collection  made  with  the  net.  When  the  accustomed  food  of  the  flies  is 
abundant  the  percentage  of  females  caught  is  low  ;  when  it  is  scarce,  and  they 
are  more  driven  to  feed  on  man,  the  percentage  is  higher.  Thus  in  the  case  of 
G.  morsitans  in  Rhodesia,  at  Nawalia 
where  antelope  were  numerous,  out  of 
5,576  flies  13  per  cent  were  females, 
while  at  Kashitu,  where  antelopes 
were  scarcer,  out  of  2,941  flies  41-5 
per  cent  were  females.  In  the  case  of 
G.  palpalis ,  on  Victoria  Nyanza,  Car¬ 
penter  found  on  Damba  Island, 
where  the  riverine  fauna  of  large 
reptiles  and  birds  was  undisturbed, 

21-4  per  cent  of  females  among  5,000 
flies,  but  on  the  inhabited  mainland 
near  Jinja,  51-5  per  cent  of  females 
among  6,100  flies.  Figures  given  for 
different  localities  by  Bagshawe, 

Kinghorn  and  Montgomery,  Kleine, 

Degen,  and  McConnell  all  confirm  this 
in  the  case  of  G.  palpalis  and  it  is 
probably  true  of  all  species  of  tsetse. 

Fiske  has  recently  published  a  report 
showing  in  great  detail  that  this  is  the 
case  with  G.  palpalis. 

The  larva.  The  larva  (fig.  246  a)  when  freshly  extruded  is  a  cream-coloured 
maggot,  bearing  on  its  last  segment  a  pair  of  prominent  rounded  granular  black 
projections.  Around  their  common  base  is  a  ring  of  striae  and  between  them  a 
deep  pit,  in  the  sides  of  which  open  the  two  breathing  pores.  Newstead  has 
shown  that  the  granulations  are  secondary  stigmata  communicating  with  the 
tracheal  system  of  the  larva,  but  that  they  become  closed  in  the  pupal  state. 
The  anus  is  represented  by  a  tiny  transverse  slit  just  in  front  of  the  base  of  these 
projections  on  the  ventral  surface.  The  head  bears  two  very  small  projections, 
the  antennae,  and  a  small  mouth.  The  larva  is  coated  with  a  slimy  secretion 
which  Lamborn  thinks  protects  it  from  attack  by  ants.  The  larva  of 
G.  morsitans  is  extruded  by  night  and  conceals  itself  before  dawn. 

The  pupa  (fig.  246  b).  The  larva  immediately  burrows  into  the  ground  or  into 
a  crevice.  It  becomes  quiescent  in  an  hour  or  so  and  its  skin  hardens,  passing 
through  successive  stages  of  yellow,  chestnut,  and  clove  brown  colour,  and  may 
finally  become  almost  black.  This  hard  skin  is  the  puparium  and  inside 
it  the  larva  pupates,  the  pupa  itself  being  soft  and  white,  showing  the  various 
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Fig.  246.  Early  stages  of  Glossina  palpalis. 
a.  Larva,  b.  Puparium.  (After  Roubaud.) 
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external  structures  of  the  perfect  fly.  The  pupation  period  varies  with  the 
temperature  very  considerably.  In  the  case  of  G.  morsitans  it  remains  in  the 
pupal  stage  twenty-one  days  at  86°  F.  and  eighty-eight  days  at  62°  F.  The 
puparium  of  this  species  measures  about  6  mm.  in  length  and  3—4  mm.  in 
breadth  and  is  slightly  compressed  dorso-ventrally.  That  of  G.  brevipalpis , 
one  of  the  larger  species,  measures  about  8  mm.  in  length  and  4-4-5  mm.  in 
breadth.  The  puparia  of  the  various  species  may  be  distinguished  by  the  shape 
of  the  tumid  lips  and  of  the  notch  between  them.  The  fly  emerges  at  the  anterior 
end  of  the  puparium. 

Rate  of  increase.  In  the  laboratory  the  flies  are  usually  kept  in  glass  beakers 
covered  by  gauze,  through  which  they  are  allowed  to  feed  on  goats  or  other 
animals  once  daily.  They  are  changed  into  clean  beakers  every  day  or  two. 
They  do  not  usually  breed  well  in  captivity,  frequently  aborting  their  larvae, 
and  after  two  or  three  months  become  crippled  through  wearing  off  the  wings. 
It  is  therefore  difficult  to  give  any  estimate  of  the  number  of  pupae  which  a  fly 
could  produce  in  nature.  Stuhlmann  obtained  eight  larvae  from  an  individual 
G.  brevipalpis  in  a  hundred  days.  What  evidence  there  is  however,  goes  to  show 
that  the  fly  is  long-lived  in  nature,  existing  probably  for  the  greater  part  of  a 
year,  so  that  a  considerably  greater  number  of  larvae  may  be  produced  by  a 
single  fly. 


Morsitans  Group. 

G.  morsitans. 

Haunts.  Of  all  the  species  of  Glossina  this  fly  is  least  restricted  in  its  range 
by  climatic  conditions.  It  inhabits  dry  forests  with  thick  undergrowth,  thin 
deciduous  forests  with  scanty  undergrowth,  savannah  country,  rocky  areas  with 
thin  scrub,  and  long-grassed  plains.  The  only  types  of  country  which  seem 
inhibitory  to  it  are  dense  humid  forests,  swamps,  and  short-grassed  open  plains 
of  large  extent.  It  is  also  often  absent  from  the  immediate  neighbourhood  of 
big  rivers  and  lakes,  but  late  in  the  dry  season  may  be  numerous  there,  and 
may  be  found  even  on  reedy  sandbanks  in  the  streams.  Neave  collected  it 
five  miles  from  water. 

It  does  not  range  continuously  over  all  the  country  which  is  suitable  to  it,  but 
is  found  over  large  areas  and  in  belts  with  more  or  less  well-defined  boundaries. 
Almost  all  observers  agree  that  in  South  Central  Africa  these  fly  areas  are  extend¬ 
ing  year  by  year.  The  distribution  seems  to  vary  little  with  the  seasons  on  the 
high  cool  plateau,  but  in  low  hot  country  there  is  some  concentration  into  the 
shadier  spots  during  the  hottest  part  of  the  year. 

Habits.  The  fly  feeds  under  warm  conditions.  It  commences  to  bite  soon 
after  the  sun  is  up  and  continues  to  do  so  through  the  day  except  in  very  hot 
weather  when  there  may  be  a  few  hours  of  inactivity  during  the  greatest  heat. 
It  not  infrequently  feeds  during  the  night,  and  on  warm  moonlight  nights 
occasionally  attacks  in  swarms.  It  may  be  seen  resting  on  paths  and  on  the 
trunks  of  trees  and  flies  up  to  an  approaching  animal.  The  male  flies  will 
accompany  an  animal  for  very  long  distances,  either  settled  on  it  or  flying  round 
and  round,  even  when  not  hungry.  The  females  feed  at  the  first  opportunity  and 
retire  at  once  to  shelter.  When  motion  ceases  the  flies  leave,  but  an  occasional 
one  comes  up  to  a  standing  animal  and  feeds,  so  that  it  is  not  movement  alone 
which  attracts  them.  Generally  speaking,  however,  the  more  rapid  the  motion 
over  a  definite  piece  of  path  the  more  flies  are  attracted.  In  the  company  of 
man  and  animals  they  cross  open  spaces,  on  which  they  would  not  otherwise 
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venture,  and  enter  villages.  They  do  not  remain  in  the  ordinary  compact 
shadeless  Bantu  village,  but  in  those  which  are  shady  and  composed  of  scattered 
groups  of  huts  they  appear  to  be  quite  at  home.  The  fact  that  it  is  the  male 
flies  which  accompany  and  not  the  females  shows  why  the  spread  of  the  fly  is 
not  more  rapid.  Usually  a  stream  marks  the  limit  of  a  fly  belt  and  at  such 
a  place  both  man  and  wild  animals  generally  linger  sufficiently  long  for  the 
female  flies  to  feed  and  depart.  When  movement  recommences,  being  replete, 
they  are  not  attracted.  Lamborn’s  experiments  show  that  male  flies  are  able  to 
traverse  at  least  ten  miles  of  bush,  returning  to  the  locality  from  whence  they 
were  brought,  apparently  on  their  own  initiative,  and  Jack  suggests  that  the 
females  may  also  have  a  4  homing  instinct  \ 

Relation  to  game.  Where  large  mammals  exist  in  numbers  they  undoubtedly 
form  the  main  food-supply  of  the  insect.  There  are,  however,  areas  in  which 
such  are  very  scarce  indeed,  and  yet  the  fly  appears  to  be  extremely  numerous. 
The  numbers  seen  are  illusory,  the  hunger  of  the  fly  giving  a  false  impression. 
As  this  point  is  very  important,  a  table  is  given  below  which  compares  two 
widely  separated  areas  similar  in  all  respects  of  climate,  vegetation,  altitude, 
and  geological  formation,  and  differing  only  in  the  amount  of  game.  In  the 
area  with  less  game  the  female  flies  came  nearly  twice  as  freely  to  man,  but 
judging  by  the  pupae  collected,  the  numbers  of  fly  actually  present  were  less 
than  a  quarter  of  those  in  the  area  in  which  large  mammals  were  more  numerous. 
That  the  seasons  are  not  the  same  is  an  unimportant  factor.  The  numbers  of 
flies  fluctuate  more  from  day  to  day  than  from  season  to  season  in  these  two 
areas  which  have  a  sub-tropical  climate  and  where  shade  is  general  except 
for  a  month  or  two  in  the  coldest  weather. 


Locality. 


Ngoa 
Kashitu  . 


Game. 

Period. 

No.  of 
collec¬ 

tions. 

Very  plentiful 

Dec.-July 

79 

Not  ,, 

Oct  .-March 

41 

Living  pupce  and  empty 
o  flies.  puparia. 


No.  per 

No.  per 

collec-  No.  of 

collec¬ 

tor  per  collec- 

tor  per 

Toted. 

elety.  tions. 

Toted. 

day. 

1,315 

4-2  48 

7,485 

31 

1,219 

7*9  26 

934 

7 

No  satisfactory  evidence  has  yet  been  given  that  G.  morsitans  can  support 
itself  where  game  animals  are  totally  absent.  Statements  which  have  been 
made  to  this  effect  have  been  based  on  passage  through  an  area  and  not  on 
residence.  Since  it  is  not  a  riverine  species  it  has  not  the  same  opportunity  of 
feeding  on  the  large  reptiles  that  G.  palpalis  has.  It  will  feed  on  any  vertebrate 
(except  Amphibia)  in  captivity,  but  the  smaller  forest-haunting  lizards  would 
be  dangerous  for  it  to  approach.  It  has  been  seen  feeding  in  nature  on  the 
ground  hornbill,  a  large  bird  common  in  the  fly  country. 

Subsequent  to  the  rinderpest  epizootic  about  1896  in  South  Central  Africa 
it  was  found  that  G.  morsitans  had  disappeared  from  many  large  areas  and 
had  become  much  restricted  in  its  range.  This  was  assumed  to  be  connected 
with  the  death  of  the  animals  affected,  especially  buffalo.  A  few  years  later 
Stevenson  Hamilton  studied  conditions  in  the  eastern  Transvaal  where  tsetse 
had  disappeared  entirely  and  states  that  many  large  mammals,  including 
some  buffalo,  survived  in  the  centre  of  the  old  fly  country.  Certainly  more 
survived  than  are  to  be  found  in  some  areas  of  the  country  over  which  the  fly 
ranges  to-day.  It  is  this  statement  and  fact  that  have  made  it  so  difficult  to 
believe  that  the  rinderpest  alone  was  responsible  for  the  disappearance  of  the 
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fly.  The  evidence  has  recently  been  reviewed  by  Jack  and  Duke  and  the 
former  comes  to  the  conclusion  that  the  rinderpest  alone  was  responsible,  while 
the  latter  adds  another  possible  factor  which  he  thinks  possibly  played  a  part 
in  a  similar  morsitans  reduction  in  recent  years.  In  1917  the  rinderpest  again 
spread  beyond  its  endemic  areas  into  various  localities  including  the  Masindi 
morsitans  belt  in  Uganda.  Duke,  who  knew  this  belt  well,  examined  it  in  the 
following  year  and  found  G.  morsitans  very  much  reduced  in  numbers.  He 
concludes  that  the  reduction  bf  the  fly  was  due  to  the  sudden  decrease  in  its 
food-supply,  at  the  time  when  food  was  most  difficult  to  find,  followed  by  an 
unusually  thorough  burning  of  the  grass  at  the  end  of  the  year  owing  to  a 
drought.  A  third  factor  which  may  have  played  a  part  was  that  during  Decem¬ 
ber  1916  and  the  first  two  months  of  1917,  the  normal  dry  season,  an  unusual 
amount  of  rain  fell  (12-6  inches  as  against  5-8,  6-8,  and  4-2  inches  in  the  two 
preceding  and  the  following  dry  seasons  respectively),  and  it  is  well  known  that 
this  fly  flourishes  best  in  countries  where  the  dry  season  is  definite  and 
prolonged. 

A  possible  explanation  of  these  reductions  in  numbers  may  be  found  by 
combining  the  conclusions  of  various  workers  and  by  drawing  an  analogy 
from  Fiske’s  writings  on  the  bionomics  of  G.  palpalis.  Shircore  (confirmed 
by  Jack  and  Fiske)  speaks  of  primary  centres  in  the  morsitans  belts,  i.  e.  spots 
where  the  fly  congregates  in  the  hot  dry  season  and  where  suitable  food  and 
shade  with  permanent  water  are  to  be  found.  These  would  be  the  places  where 
the  large  mammals  would  be  gathered  and,  consequently,  where  the  fly  would 
breed  most  freely.  These  centres  may  exist  even  where  they  are  not  apparent, 
since  the  fly  being  well  fed  in  them  would  not  be  aggressive  towards  man. 
From  these  the  fly  radiates  out  in  all  directions,  especially  when  shade  is  abundant 
and  the  game  is  more  scattered.  -  It  would  be  at  these  centres  that  the  rinder¬ 
pest  would  strike  most  hardly,  since  the  animals  are  congested  there,  and  it  is 
highly  probable  that  the  animals  would  desert  them  when  numerous  deaths 
occurred,  just  as  the  buffalo  migrated  before  the  disease  at  Masindi  (Duke). 
If  such  a  thing  happened  in  the  breeding  season  of  the  fly  the  heart  would  be  cut 
out  of  the  fly  belt  and  the  whole  of  it  might  disappear. 

The  question  is  an  exceedingly  difficult  one  and  the  controversy  has  been 
marked  by  some  bitterness  owing  to  the  attitude  of  those  who  would  preserve 
the  wild  fauna  intact  at  whatever  cost.  The  final  answer  lies  in  the  future 
when  a  trained  observer  may  have  the  opportunity  of  watching  the  whole 
passage  of  rinderpest  through  a  fly  belt,  or  some  determined  effort  at  game 
destruction  in  such  a  place. 

Spread.  What  are  the  factors  favouring  the  steady  spread  of  the  fly  at 
present  ?  In  some  parts  game  has  increased  and  in  others  decreased,  and  in 
both  cases  instances  of  spread  could  be  given.  Since  the  Luang wa  Valley,  where 
there  has  never  been  much  traffic,  was  closed  to  ordinary  travellers  and  sport 
in  1910,  there  has  been  little  movement  of  people  or  shooting  there,  but  the  fly 
continues  to  spread.  This  spread  would  therefore  not  appear  to  be  due,  in 
general,  to  either  the  increased  movement  of  development  or  the  increased 
restlessness  of  the  larger  mammals,  though  these  may  have  played  their  parts 
in  places.  The  most  probable  explanation  is  that  the  climatic  conditions  in 
this  region  exactly  suit  the  fly  at  present  and  food  is  plentiful.  Unless  the 
insect  receives  some  natural  or  artificial  check  it  appears  destined  to  overrun 
the  whole  of  the  dry  forest  land  of  South  Central  Africa. 

Breeding-places.  The  breeding-places  of  this  tsetse  were  first  discovered  by 
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Jack  in  Southern  Rhodesia.  Subsequently  much  work  has  been  done  on  them  in 
Northern  Rhodesia  and  Nyasaland,  and  the  distribution  of  the  pupae  is  tolerably 
understood.  Pupae  have  been  found  in  the  following  situations  :  in  hollows  in 
trees,  under  fallen  trees  slightly  raised,  in  the  burrows  of  animals,  in  holes  in 
termite  mounds,  under  overhanging  rocks,  among  shingle  in  the  little  crevices 
which  form  the  commencement  of  flood  streams,  and  in  large  numbers  in  the 
sandy  beds  of  dry  streams  with  overhanging  banks  (Lloyd)  (figs.  247  and  248). 
The  only  point  in  which  all  these  places  agree,  is  that  over  and  above  each  is 
some  relatively  dark  spot  in  which  the  pregnant  fly  can  hide.  Usually  the  pupae 


Fig.  247.  A  typical  breeding-place  of  G.  morsitans,  below  the  slightly  raised 
prone  trunk,  in  close  proximity  to  a  path.  (After  Lloyd.) 


lie  just  below  the  surface  of  the  ground  or  an  inch  or  so  deep  in  sand,  but 
occasionally  they  are  found  fully  exposed  on  a  hard  surface.  Wherever  the 
pupae  are  taken  in  numbers  there  is  always  in  the  immediate  neighbourhood 
some  special  attraction  to  large  animals,  such  as  a  ford  over  a  stream,  a  mud 
wallow,  a  game  or  native  path,  a  water  hole,  or  a  salt  lick.  Breeding  spots 
containing  one  or  two  pupae  are  found  scattered  throughout  the  fty  area,  but 
the  vast  bulk  of  them  are  thus  localized. 

Breeding  season.  In  Rhodesia  and  Nyasaland  the  fly  does  not  appear  to 
.  breed  at  all  freely  in  nature  during  the  rainy  season.  At  low  altitudes  it  com¬ 
mences  to  do  so  shortly  after  the  rains  have  ceased,  but  on  the  high  plateau  breed¬ 
ing  does  not  commence  until  the  end  of  the  cold  weather  which  follows  in  the 
two  months  after  the  rains.  Breeding  then  continues  to  the  commencement 
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of  the  rainy  season.  A  very  few  pupae  may  be  found  at  other  times,  but  the 
number  is  negligible. 

G.  pallidipes  and  G.  longipalpis  resemble  G.  morsitans  in  their  habits  so  far 
as  these  are  known,  with  the  exception  that  they  favour  a  slightly  denser  type 
of  vegetation  and  a  rather  more  humid  climate. 

Effect  on  native  population.  The  grave  importance  of  G.  morsitans  as  a  bar 
to  settlement  in  South  Central  Africa  is  not  generally  realized.  As  is  well  known, 
wherever  it  extends  its  range,  cattle  and  sheep  disappear,  while  in  the  low  hot 
valleys  even  the  hardier  goat  is  exterminated.  It  is  certain  that  this  has  a  very 
serious  effect  on  the  native  population.  Mrs.  E.  Smith  of  Namwala  (Kafue), 


Fig.  248.  Shady  stream  bed  in  the  Luangwa  Valley,  N.  Rhodesia.  In  the 
sand  at  this  spot  150  pupae  of  G.  movsitans  were  taken,  13  per  cent  beino1  para¬ 
sitized  by  Mutilla  glossince.  (After  Lloyd.) 


North  Rhodesia,  who  has  a  unique  and  intimate  knowledge  of  the  women  of  these 
parts,  brought  to  the  notice  of  one  of  us  the  difference  in  the  infant  mortality 
in  the  tsetse-free  and  the  infested  country.  South  of  the  Kafue  River,  where 
theic  is  no  tsetse,  the  natives  own  large  herds  of  cattle  and  their  diet  is  largely 
curds  .  Hcie  the  infant  mortality  is  negligible.  North  of  the  river,  where 
there  is  much  tsetse  and  no  cattle,  the  infant  mortality  (chiefly  from  intestinal 
diseases)  is  appalling,  a  woman  only  rearing  two  or  three  children  out  of  eight 
oi  ten.  kins,  Mrs.  Smith  attributes  to  the  diet  of  coarse  meal  porridge  given 
to  the  children  before  they  are  old  enough  to  assimilate  solid  food.^  These 
statements  arc  supported  by  observation.  In  the  cattle  country  the  population 
is  dense,  the  physique  of  the  natives  excellent,  while  the  healthy-looking 
children  compare  very  favourably  with  those  of  an  English  village.'  In  the 
infested  country  the  villages  are  small  and  the  population  scanty,  while  the 
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relatively  few  children  seen  are  mainly  thin  and  miserable  looking.  The  same 
state  of  affairs  is  found  when  the  cattle-owning  Barotze  people  of  the  Upper 
Zambezi  are  compared  with  the  surrounding  tribes  of  the  infested  country. 
While  taking  a  census  in  the  heavily  infested  Luangwa  Valley  the  Native 
Commissioners  calculate  on  a  basis  of  two-and-a-half  natives  to  the  hut,  and 
this  means  an  average  of  little  more  than  one  child  to  the  adult  woman.  It  is, 
therefore,  possible  that  G.  morsitans  may  reduce  a  tribe  almost  to  the  point 
of  extinction  though  the  sleeping  sickness  it  conveys  plays  a  relatively  small 
part  in  the  reduction. 

Palpalis  Group. 

G.  palpalis  is  far  more  restricted  in  its  haunts  than  is  G.  morsitans ,  being 
usually  confined  to  the  banks  of  streams  and  lakes.  It  is  entirely  dependent 
on  a  moist  atmosphere  and  its  habitat  in  West  Africa  is  thus  defined  by  Simpson. 
It  ‘  exists  wherever  the  rainfall  is  great,  where  the  dry  season  is  not  of  long 
duration,  where  the  vegetation  is  dense,  and  always  along  the  basins  of  rivers  ’. 
In  very  humid  weather  it  is  sometimes  found  in  savannah  country.  Fiske, 
however,  shows  that  its  requirements  are  :  (1)  Massive  shade  where  it  rests 
when  inactive  and  shelters  from  storms  ;  (2)  Light  shade  for  flight  and  to  cover 
its  breeding-places  ;  (3)  A  breeding  spot  of  sand  or  gravel  or  dry  vegetable 
debris  ;  (4)  Regular  and  suitable  food-supply.  It  is  mainly  a  riparian  species 
because  this  combination  of  factors  is  rarely  found  away  from  streams  or  lakes, 
but  when  they  are  so  situated  there  the  fly  may  also  be  established.  He  found 
a  colony  with  a  definite  nucleus  about  a  mile  from  open  water  and  apparently 
unconnected  with  the  shore  belts  of  fly.  Neave  thinks  that  the  sporadic  nature 
of  its  occurrence  on  the  Upper  Nile  indicates  a  climate  which  is  becoming 
unsuited  to  it,  since  the  cover  is  often  scanty,  and  the  clearing  of  the  bush 
against  it  yields  remarkably  good  results.  McConnell  states  that  it  is  often 
found  on  rocky  promontories  in  Victoria  Nyanza  where  the  cover  consists  of 
stunted  bushes  and  tufts  of  grass.  Unlike  G.  ?norsitans  it  has  a  well-marked 
seasonal  distribution,  since  during  the  dry  season  it  leaves  the  small  water¬ 
courses  as  they  dry  up,  returning  only  when  the  streams  begin  again  to  flow. 

.In  spite  of  its  love  of  shady  places  it  is  rarely  seen  except  when  the  sun  is 
shining,  and  it  is  also  inactive  on  very  hot  afternoons.  It  is  greatly  attracted 
to  moving  objects  and  Neale  relates  that  in  a  belt  of  this  fly  in  Nigeria  he  was 
able  to  walk  without  seeing  any,  but  directly  he  commenced  to  cycle  he  collected 
a  large  swarm.  It  does  not  follow  far  from  shade,  nor  does  it  appear  to  leave 
the  shade  often  in  search  of  food.  Simpson  records  that  it  flew  100  yards  to  a 
moving  barge. 

Its  habits  place  it  among  a  riverine  fauna  in  which  bulk  largely  monitor 
lizards  and  crocodiles,  and  from  these  it  obtains  most  of  its  food  when  undis¬ 
turbed  by  man.  Bruce,  Carpenter,  Duke,  and  Fiske  all  agree  on  this.  Fiske 
states  that  in  order  of  preference  its  most  favoured  hosts  are  crocodile, 
Varanus,  Situtunga,  and  hippopotamus,  and  that  it  rarely  forms  a  following 
swarm  about  any  host  which  is  not  complacent  under  attack.  On  Damba 
Island  in  Victoria  Nyanza,  Carpenter  found  by  dissection  of  the  flies  that  where 
blood  was  recognizable,  in  84-8  per  cent  of  the  cases  it  was  non-mammalian, 
and  in  nearly  all  these  reptilian.  In  other  localities  the  proportion  of  non¬ 
mammalian  blood  has  been  found  to  be  lower  than  this,  but  it  is  always  high 
compared  with  the  results  of  similar  findings  in  the  case  of  G.  morsitans. 
Colonies  of  these  flies  sometimes  become  very  closely  associated  with  man  by 
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collecting  round  the  bathing  and  fishing  places.  It  is  for  this  reason  that 
the  palpalis-hovne  sleeping  sickness  becomes  so  readily  epidemic. 

The  pupae  of  this  tsetse  were  first  found  by  Bagshawe.  Bruce  thus  describes 
a  prolific  breeding  ground  :  4  The  breeding  ground  on  Damba  Island  ...  is 
formed  of  coarse  sand  and  pebbles.  It  is  four  or  five  feet  above  the  level  of  the 
lake,  and  the  bush  comes  to  within  a  few  yards  of  the  water’s  edge.  The  pupae 
are  found,  as  a  rule,  an  inch  or  two  below  the  surface  of  the  sand  at  or  near  the 
edge  of  the  belt  of  vegetation.’  On  an  island  in  the  Lualaba  River  Bequaert 
found  a  breeding  spot  which  yielded  sixty  to  eighty  pupae  a  visit  through  the 
dry  season.  It  was  a  patch  of  sand  at  high-water  mark,  about  a  square  metre 
in  extent  and  densely  shaded.  In  Sierra  Leone,  Yorke  and  Blacklock  found 
large  numbers  of  the  puparia  on  the  ground  below  the  overhanging  petioles 
of  oil  palms,  in  some  cases  four  hundred  yards  from  water.  The  pupae  have 
also  been  found  in  hollows  of  trees  and  in  the  axils  of  banana  leaves.  The  fly 
probably  breeds  throughout  the  year. 

G.  tachinoides,  G.  pallicera ,  and  G.  caliginea  are  all  denizens  of  dense  damp 
forests  and  are  dependent  on  the  proximity  of  permanent  water. 

G.  austeni  haunts  thickly  forested  country  with  a  moderate  degree  of 
humidity. 

Fusca  Group. 

Little  is  known  of  the  detailed  bionomics  of  any  of  the  species  of  this  group. 
Like  the  other  large  tsetse  they  are  crepuscular  in  habit.  G.  tabaniformis  and 
G.  nigrofusca  are  both  river-haunting  flies,  while  G.  fusca  is  a  denizen  of  the 
tropical  rain  forests.  Kinghorn  records  the  last  named  as  biting  on  pitch  black 
rainy  nights.  Of  G.  fuscipleuris  nothing  is  yet  known. 

Brevipalpis  Group. 

G.  brevipalpis ,  while  it  requires  a  considerable  degree  of  dense  shade,  is  more 
independent  of  moisture  than  is  G.  palpalis.  It  is  found  among  the  thick 
undergrowth  in  hot  country  which  becomes  very  wet  during  the  rains,  but  it 
does  not  forsake  its  haunts  when  the  streams  dry  up.  It  is  commonly  seen 
about  paths  traversing  these  thickets  for  an  hour  or  so  about  sunset  and  for 
a  short  time  after  sunrise  on  warm  mornings.  At  other  times  of  the  day  it 
may  be  found  hiding  in  crevices  of  bark,  under  low  branches,  and  on  trees  sur¬ 
rounded  by  creepers  (Davey).  It  always  flies  very  close  to  the  ground,  taking  short 
flights  from  spot  to  spot,  after  the  manner  of  a  tiger  beetle.  Schwetz  states 
that  Europeans  wearing  boots,  puttees,  and  breeches,  are  very  rarely  bitten 
by  it.  Females  are  seldom  caught  in  the  vesperal  flights,  and  there  are  a  number 
of  obscure  points  in  the  habits  of  this  fly.  Lamborn  found  large  numbers  of  the 
puparia  under  low  dense  vegetation, at  a  place  well  sheltered  by  large  trees.  The 
spot  was  one  where  antelope  would  loiter  before  passing  to  the  feeding  ground. 

G.  longipalpis  is,  according  to  Neave,  a  desert  haunting  species  of  crepuscular 
habits,  rather  avoiding  than  otherwise  the  proximity  of  water. 

Of  G.  medicorum  nothing  seems  to  have  been  recorded. 

Insect  Parasites  of  Tsetse. 

A  number  of  hymenopterous  and  dipterous  parasites  of  the  pupae  of  Glossina 
have  been  described.  Of  these,  by  far  the  most  important  is  Mutilla  gl  os  since 
Turn.,  a  small  wasp,  which  was  discovered  by  the  late  Lieut.  R.  A.  F.  Emin  son  as 
a  parasite  of  G.  morsitans  on  the  Kafue  River  in  Northern  Rhodesia.  He  found 


THE  BLOOD-SUCKING  MUSCIDiE 


471 


that  about  10  per  cent  of  the  pupa;  collected  were  destroyed  by  this  insect. 
It  is  now  known  to  be  widely  distributed  in  Northern  Rhodesia  and  Nyasaland, 
and  to  sometimes  take  a  very  heavy  toll  of  the  tsetse,  so  that  all  other  enemies, 
predaceous  or  parasitic,  fall  into  insignificance  beside  it.  The  female  Mutilla 
is  wingless,  the  male  winged.  They  are  robust  insects,  very  amenable  to 
captivity,  and  Lamborn  has  succeeded  in  breeding  them.  A  single  egg  is  laid 
in  the  tsetse  pupa,  apparently  at  any  stage  of  its  development.  The  parasitic 
grub  eats  up  the  entire  contents  of  the  puparium  and  then  spins  inside  it  a 
papery  cocoon  in  which  it  pupates.  There  are  at  least  two  generations  of  the 
parasite  during  the  breeding  season  of  the  fly.  Lamborn  has  been  able  to  cause 
it  to  parasitize  the  pupae  of  G.  brevipalpis.  Perhaps  the  most  important  point 
about  this  insect  is  that  it  has  not  been  recorded  from  the  pupae  of  G.  palpalis. 
Should  it  be  found  that  it  is  able  to  live  under  the  humid  conditions  which 
this  fly  frequents,  an  attempt  to  introduce  it  into  a  palpalis  belt  would  be 
worth  while.  The  restricted  haunts  of  this  fly  would  place  it  more  at  the  mercy 
of  this  successful  insect  than  G.  morsitans  with  its  wide  range  could  ever  be.1 

A  second  species,  M.  benefactrix  Turn.,  has  also  been  discovered  by  Lamborn 
to  be  parasitic  in  the  pupae  of  G.  morsitans  in  Nyasaland. 

Prophylaxis. 

The  bites  of  the  flies  may  be  to  some  extent  avoided  by  wearing  stout  clothing 
and  puttees,  and  by  having  a  young  native  always  in  attendance  with  a  fly 
switch.  White  clothing  is  less  attractive  to  the  flies  than  khaki.  Beechwood 
creosote  on  the  garments  repels  them  to  some  extent.  Travelling  by  night 
instead  of  by  day  is  a  partial  protection  against  the  diurnal  species. 

Trapping  the  flies,  by  means  of  black  cloths  smeared  with  bird-lime  and 
worn  on  the  backs  of  native  workmen,  was  found  effective  for  G.  palpalis  in 
the  limited  area  of  the  island  of  Principe.  The  fly  was  exterminated  there  by 
this  means,  combined  with  clearing  and  the  destruction  of  the  wild  pigs.  No 
form  of  trap  has  been  found  effective  on  the  mainland,  and  bird-limed  cloth 
has  been  proved  useless  for  G.  morsitans. 

Carpenter  has  succeeded  in  trapping  considerable  numbers  of  the  pup  re  of 
G.  palpalis  by  means  of  artificial  shelters  on  the  islands  in  Victoria  Nyanza,  and 
this  method  of  check  is  not  without  some  promise  of  success  for  those  species 
whose  haunts  are  limited.  Though  the  pupre  of  G.  morsitans  can  of  course  be 
trapped  similarly  the  labour  of  eliminating  the  natural  breeding-places  could 
not  be  carried  out  over  areas  sufficiently  large  to  be  useful  in  the  thinly 
populated  country. 

Clearing  is  useful  against  the  species  which  haunt  the  dense  humid  forests. 
All  bushes,  small  trees,  creepers,  and  low  branches  must  be  eliminated.  Big 
trees  with  straight  clean  trunks  need  not  be  destroyed  (Hodges,  Moiser,  and 
others).  All  vegetation  cut  must  be  burnt  as  soon  as  possible.  According  to 
Simpson  the  clearing  should  extend  at  least  two  hundred  yards  on  each  side  of 
the  ford  or  other  place  which  it  is  hoped  to  protect. 

As  regards  G.  morsitans ,  the  only  recommendation  which  can  be  advised  as 
certainly  beneficial,  is  that  the  villages  should  be  large,  compact,  shadeless,  and 
surrounded  by  gardens.  Two  villages  should  not  be  allowed  on  the  opposite 
banks  of  dry  shady  stream  beds.  In  this  way  the  population  will  avoid  coming 
into  close  relationship  with  colonies  of  the  fly,  and  though  sporadic  cases  of 
sleeping  sickness  may  occur  they  should  not  give  rise  to  epidemics.  Clearings 

1  Blit  Lamborn  thinks  that  in  one  locality  in  Nyasaland  G.  morsitans  is  being  exterminated 
by  its  parasites,  especially  M.  glossince.  Bull.  Ent.  Res.,  Vol.  XI,  1920. 
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Figs.  249,  250.  Ford  of  the  River  Yei,  30  miles  on  Sudan  side  of  the  Congo 
boundary  ;  on  main  route  of  ivory  porters  from  the  Congo  to  Uganda  ;  the 
centre  of  the  sleeping  sickness  area  in  the  Lado  Enclave  where  the  segregation 
camp  was  formed.  Before  and  after  clearing  against  G.  j)alj)alis.  Though 
effective  such  a  clearing  is  unnecessary  and  costly  in  upkeep.  Low  scrub 
quickly  grows  up  and  the  fallen  tree  trunks  then  form  ideal  breeding-places  for 
the  insect.  The  straight  tall  trees  need  not  be  cut  down.  It  is  only  essential 
to  cut  out  and  burn  all  undergrowth  and  low  branches.  (Photos  by  R.  J.  C. 
Thompson.) 
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along  roads  have  not  proved  of  benefit,  and  to  make  such  effective  and  keep 
them  so,  is  too  costly  a  procedure  to  consider,  but  Marshall  thinks  that  an 
investigation  should  be  carried  out  which  would  show  exactly  what  type  of 
clearing  is  necessary  :  i.  e.  whether  straight  trees  may  be  left  standing  and 
only  low  scrub  eliminated. 

The  possibility  of  rendering  G.  morsitans  harmless  by  destroying  the  large 
mammals,  the  natural  reservoir  of  the  trypanosomes,  is  discussed  elsewhere 
(Vol.  II).  It  is  not  certain  whether  such  a  proceeding  would  be  followed  by  the 
disappearance  of  the  fly,  but  a  final  opinion  cannot  be  given  at  present  on 
this  point. 

THE  PUPIPARA. 

This  group  of  the  Cyclorraphic  Diptera  represents  the  highest  development 
of  the  order  and  consists  of  small  to  medium-sized  flies  with  leathery  integument 


Fig.  251.  Ilippobosca  mciculata,  female. 


and  concealed  proboscides  built  on  the  same  plan  as  that  of  Musca.  Except 
Braula  cceca,  parasitic  on  bees,  all  the  species  are  blood-sucking  ectoparasites 
of  vertebrates.  All  are  larviparous  and  therefore  misnamed  Pupipara,  for  the 
mature  larva  must  be  born  before  it  can  pupate.  The  larviparous  Muscids, 
including  Glossma,  link  this  group  up  with  the  Muscidre. 

All  the  known  species  included  in  three  families,  Nycteribiidse  (on  bats), 
Streblidae  (on  bats),  andHippoboscidre  (on  mammals  and  birds)  exhibit  structural 
modifications  adapted  to  their  habits.  Their  bodies  are  bug-like,  compressed 
dorso-ventrally,  their  proboscides  are  concealed  and  their  antennae  reduced, 
adaptations  which  facilitate  rapid  movement  among  the  hairs  and  feathers  of 
their  hosts.  The  wings  may  be  rudimentary  or  entirely  wanting  as  in  Melo- 
phagus  ovinus,  the  well-known  sheep  ked.  The  legs,  on  the  other  hand,  are 
highly  developed,  and  are  armed  with  denticulated  and  spurred  claws  for  clinging 
to  their  hosts.  Hippobosca  maculata  Leach,  a  typical  species  of  the  genus 
Ilippobosca ,  is  illustrated  in  fig.  251.  The  Hippoboscids  and  their  allies 
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only  annoy  man  when  in  the  vicinity  of  their  hosts,  especially  when  the  latter 
are  dead. 
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DEFINITION. 

Zool.  Ord,  Siphonaptera  (Aphaniptera). 

The  fleas  are  small  laterally  compressed  wingless  insects  with  piercing  and 
sucking  mouth  parts.  The  body  is  heavily  chitinized  and  the  thoracic  segments 
are  distinct  rings.  In  many  species  the  hind  pair  of  legs  are  very  powerful 
and  adapted  for  jumping.  Eyes  may  be  present  or  absent,  and  the  antennae 
are  three-jointed  and  embedded  in  grooves  when  at  rest.  There  is  a  complete 
metamorphosis,  the  larva  being  caterpillar-like  and  the  pupa  quiescent. 

They  are  active  parasites  of  mammals  and  birds.  About  150  species  have 
been  described  and  most  of  these  are  associated  with  particular  hosts  but  some 
will  feed  on  any  warm-blooded  animal. 

The  numerous  bristles  which  are  studded  at  various  places  on  the  head, 
thorax,  abdomen,  and  legs  are  all  inclined  backwards,  and  aid  the  flea,  it  is 
said,  in  its  progress  and  stability  between  the  hairs  of  its  host. 

STRUCTURE  AND  LIFE-HISTORY. 

The  abdomen  is  broadly  joined  to  the  thorax,  and  is  the  largest  and  most 
conspicuous  part  of  the  body  of  a  flea.  It  is  made  up  of  ten  segments  of  which 
not  more  than  nine  are  plainly  visible.  The  horny  plates  that  cover  the  dorsal 
side  are  known  as  tergites  and  those  that  cover  the  ventral  side  as  sternites. 

The  thorax  always  consists  of  three  free  segments. 

The  head  is  roughly  conical  in  shape,  with  a  wide  cheek,  or  gena,  and  is 
fixed  by  the  whole  posterior  part  to  the  thorax.  Along  the  edge  of  the  cheek 
a  striking  comb  of  chitinous  teeth  is  found  in  many  species,  while  other  combs 
are  also  sometimes  found  on  the  thorax  and  abdomen.  Eyes  may  be  present 
or  absent.  When  present  the  eyes  of  fleas  are  of  the  type  known  as  ocelli, 
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and  not  of  the  ‘  compound  ’  or  multiple  facetted  type  of  eye  usual  in  the 
higher  insects.  The  eyes  of  the  flea  are  probably  not  capable  of  true  vision 
and  only  register  light  and  darkness,  so  that  the  insect  may  escape  from  light 
and  probable  danger,  to  darkness  and  safety. 


Fig.  252.  External  anatomy  of  flea  ( Ctenocephalus ),  with  nomenclature 
used  in  classification  tables.  (Partly  after  Patton  and  Cragg.) 


1.  Antenna. 

2.  Antennal  groove. 

3.  Eye. 

4.  Head. 

5.  Genal  comb. 

6.  Epipharynx.  (Labrum.) 

7.  Mandible. 

8.  Maxillary  palp. 

9.  Labial  palp. 

10.  Maxilla. 

11.  Coxa. 

12.  Trochanter. 


13.  Femur. 

14.  Tibia. 

15.  Tarsal  joints,  1  to  5. 

16.  Claw. 

17.  Thorax,  segments  1  to  3. 

18.  Thoracic  comb. 

19.  Abdominal  tergites. 

20.  Antipygidial  bristle. 

21.  Pygidium. 

22.  Spiracle. 

23.  Abdominal  sternites. 


The  fleas  that  are  without  eyes,  it  is  thought,  have  lost  these  organs  through 
adaptation  to  the  environment  of  the  host  :  disuse  of  an  organ  rapidly  leading 
to  degeneration.  Moles  living  in  perpetual  darkness  have  fleas  that  are  eyeless. 
Also  all  bat  fleas  are  without  eyes.  In  eyeless  fleas  there  is  usually  a  bristle, 
heavily  pigmented  at  its  base,  that  marks  the  site  of  the  absent  eye. 

Above  and  slightly  behind  the  eyes  are  the  antennae.  These,  when  at  rest, 
lie  in  grooves  in  the  head,  and  are  not  conspicuous  when  in  this  position.  They 
are  capable  of  erection,  however,  and  if  examined  under  a  lens  will  be  found  to 
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differ  remarkably  among  the  different  species.  The  antennae  of  fleas  are  composed 
of  three  joints,  the  third  or  terminal  joint  being  oval  and  more  or  less  annulated. 

The  mouth  parts  consist  of  six  different  structures  which  it  is  necessary  to 
describe  in  some  detail.  These  structures  are  known  as  (i)  the  maxillae,  (ii)  the 
maxillary  palpi,  (iii)  the  labium,  (iv)  the  labial  palpi,  (v)  the  mandibles,  and 
(vi)  the  labrum.  (See  fig.  253.) 

The  maxillae.  Two  triangular  plates  on  the  lower  side  of  the  flea’s  head,  one 
on  each  side.  They  are  placed  some  distance  from  the  mouth  proper.  Their 
function  seems  to  be  to  separate  the  hairs  of  the  host,  and  enable  the  flea  to 
reach  the  bare  skin. 


Fig.  253.  Head  and  mouth  parts  of  Pulex  irritans. 
e.  =  eye;  mx.  p.  =  maxillary  palps  ;  md.  =  mandibles  ;  mx.  =  maxillae  ;  cx.  =  coxa; 

lbr-ep.  =  labrum  epipharynx  ;  lp.  =  labial  palpi. 

The  maxillary  palpi.  A  pair  of  hairy  jointed  tactile  organs,  arising  from  the 
base  of  the  maxilla.  These  are  sense  organs  or  ‘  feelers  ’.  In  all  fleas  they  are 
composed  of  four  joints. 

The  labium  and  labial  palpi.  The  labium  may  be  thought  of  as  the  lower  lip 
of  the  flea.  It  is  elongated  and  divides  into  two  long  branches — the  labial  palpi. 
The  labium  and  labial  palpi  ensheathe  and  protect  the  actual  piercing  organs, 
which  are : 

(a)  The  labrum  (epipharynx).  This  may  be  regarded  as  the  upper  lip  of  the  flea. 
It  is  a  long  sharp  grooved  needle-shaped  instrument,  barbed  and  pointed  at  the  end. 

(b)  The  mandibles.  A  pair  of  sharp  lancet-shaped  instruments,  with  the 
edges  serrated.  They  make  the  puncture  in  the  skin  together  with  the  labrum 
and  interlock  with  it  to  form  a  tube  up  which  the  blood  is  sucked. 

The  act  of  biting  is  accomplished  as  follows  :  the  flea  having  selected  the 
site  of  puncture,  moves  the  mouth  parts  forward,  raises  its  abdomen,  and  by 
the  action  of  the  middle  and  foremost  legs  drives  its  head  downwards  forcing 
the  labrum  and  mandibles  into  the  skin.  As  these  two  organs  enter  the  skin  the 
labial  palpi  which  ensheathe  them  divide  and  lie  out  on  the  skin  at  right  angles 
to  the  head,  one  on  each  side. 
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If  we  visualize  a  flea  in  this  position  in  the  act  of  biting  we  can  advantageously 
go  on  to  describe  the  way  the  blood  of  the  victim  is  taken  up,  and  also  the 
internal  anatomy  and  process  of  digestion.  Imagine  then  a  flea*  with  its  head 
downwards  and  the  mandibles  and  labrum  forming  a  tube  driven  into  the  skin. 
Within  the  head  of  the  flea  this  tube  opens  into  what  is  the  mouth  proper,  or 
the  anterior  end  of  the  alimentary  canal.  Just  behind  the  mouth  a  dilata¬ 
tion  of  the  canal  occurs  called  the  pharynx.  To  the  upper  walls  of  the 
pharynx  powerful  muscles  are  attached  which  are  used  to  cause  a  rhythmic 
dilation  and  contraction  of  the  pharynx  while  the  insect  is  feeding.  This  action 
causes  the  blood  to  be  pumped  up  from  the  wound,  and  pumped  down  the 
oesophagus  into  the  stomach.  But  it  does  something  else  in  addition. 

On  each  side  of  the  stomach  there  are  a  pair  of  tubular  glands,  the  ducts  of 
each  pair  anastomosing  to  form  two  common  ducts.  These  are  the  salivary 
glands,  and  the  two  salivary  ducts  run  forward  and  open  into  the  pharynx, 
or,  as  it  is  better  termed,  the  pharyngeal  pump,  and  this  organ  injects  the 
salivary  fluid  into  the  wound. 
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Fig.  254.  Internal  anatomy  of  flea. 


1.  Pharyngeal  pump. 

2.  Pharyngeal  muscles. 

3.  Salivary  glands. 

4.  Proventriculus. 


5.  Stomach. 

6.  Malphigian  tubules. 

7.  Rectum. 

8.  Rectal  glands. 


Following  the  course  of  the  ingested  blood,  it  passes  from  the  pharyngeal 
pump  down  the  oesophagus.  At  the  lower  end  of  the  oesophagus,  close  to 
the  stomach,  there  is  another  dilatation  of  the  alimentary  canal,  known  as  the 
proventriculus.  Within  this  organ  are  a  multitude  of  chitinous  finger-like 
processes  tapering  towards  their  extremities.  These  form  an  effective  valve 
and  prevent  the  return  of  fluids  from  the  stomach.  This  valvular  arrangement 
in  the  proventriculus  has  been  very  carefully  studied  in  connexion  with  plague 
investigations,  as  it  was  thought  that  fleas  might  carry  infection  by  regurgitation 
of  the  plague-infected  blood  from  the  stomach  when  they  fed  on  healthy  persons. 
However,  experiment  has  shown  that  the  valve  in  the  proventriculus  is  apparently 
quite  effective  in  preventing  a  return  of  fluids  from  the  stomach. 

The  proventriculus  opens  directly  into  the  flea’s  stomach,  which  is  a  pear- 
shaped  organ  situated  in  the  middle  of  the  abdomen,  and  held  in  place  partly  by 
muscles  and  partly  by  the  tracheal  air  tubes.  It  has  been  shown  that  the  blood 
capacity  of  an  average  sized  flea’s  stomach  is  about  0-5  of  a  cubic  millimetre. 

The  blood  is  partially  digested  in  the  stomach  and  then  passes  into  the 
intestine,  which  in  the  flea  is  a  simple  straight  tube  terminating  in  the  rectum. 
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At  the  termination  of  the  gut  are  six  small  glands,  termed  the  rectal  glands, 
whose  function  is  not  definitely  known,  but  is  probably  connected  with  the  final 
digestion  of  blood  in  the  intestine. 

The  only  other  organs  that  we  need  consider  here  are  the  Malpighian  or 
urinary  tubules.  These  are  four  thread-like  tubes  which  are  closed  at  their 
outer  ends,  but  open  into  the  rectum.  They  lie  free  within  the  abdomen,  and 
filter  out  from  the  body  fluids  the  wraste  materials  which  are  excreted  via  the 
rectum  and  anus. 

When  a  flea  is  replete  the  stomach  is  engorged  and  the  abdomen  so  dis¬ 
tended  that  the  colour  of  the  blood  shows  through  its  wall.  The  flea  then 
gives  a  sharp  jerk  and  the  mouth  parts  are  suddenly  withdrawn  from  the 
victim’s  skin. 

Fleas  at  the  commencement  of  a  meal  of  blood  will  often  be^observed  to 
discharge  a  few  drops  of  the  ingested  blood  per  anum.  After  the  first  few  drops 


Fig.  255.  Eggs  of  flea.  (After  Bacot.  From  the  Journ.  of  Hygiene.) 

(Photo  by  Tonge.) 


of  pure  blood  have  been  passed  (note  in  this  connexion  what  is  said  about  the 
food  of  the  larvae)  the  blood  in  the  stomach  seems  to  undergo  a  rapid  con¬ 
centration  process  and  at  short  intervals  a  drop  of  clear  serum-like  fluid  is 
evacuated. 

Respiration  in  fleas  takes  place  on  the  typical  insect  system — by  means  of 
stigmata  and  tracheal  tubes.  Air  is  taken  into  the  body  and  passes  out  from 
it  by  openings  in  the  chitinous  body  wall  called  stigmata.  From  these  main 
air  tubes  pass  into  the  body  and  form  numerous  secondary  branches,  which  in 
turn  branch  again  and  again  until  an  astounding  network  of  tubes  is  formed. 
The  air  passes  in  and  out  by  diffusion,  helped  by  the  pumping  action  produced 
by  the  contraction  of  the  body  muscles. 

Each  of  the  three  thoracic  segments  bear  a  pair  of  stigmata,  as  do  also  the 
second  to  eighth  abdominal  segments.  These  may  be  seen  situated  in  slight 
depressions  on  the  upper  aspect  of  the  segments. 

Life-history.  Fleas  are  bi-sexual.  The  males  are  somewhat  smaller  and 
more  bristly  than  the  females  and  the  females  have  a  longer  and  more  oval 
abdomen  than  the  males.  Both  sexes  are  blood-suckers.  Fleas  are  temporary 
parasites,  that  is  to  say,  they  do  not  spend  their  whole  life  on  their  hosts,  and 
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individual  fleas  may  pass  from  one  host  to  another  in  search  of  food.  The 
fertilized  female  lays  from  one  to  five  eggs  at  a  time,  and  if  the  temperature  and 
climate  permit  she  is  able  to  lay  all  the  year  round. 

The  eggs  of  the  majority  of  species  are  free,  and  fall  on  the  ground  or  the 
floors  of  the  nests  and  sleeping-places  of  the  hosts.  They  are  oval,  white  and 
somewhat  translucent,  with  a  smooth  texture  (fig.  255).  The  eggs  of  some 
bat  fleas  are  however  attached  to  the  host. 

The  egg  hatches  in  a  few  days  and  a  minute  footless  caterpillar-like  larva 
composed  of  thirteen  segments  emerges  (figs.  256  and  257).  This  larva  is  thinly 
clothed  with  long  hairs,  and  has,  when  it  first  emerges  from  the  egg  and  before 
the  first  moult  takes  place,  a  remarkable  chisel-like  apparatus  on  its  head 
which  serves  to  break  the  egg-shell  and  liberate  the  larva.  This  apparatus  is  in 
consequence  known  as  the  egg-breaker.  At  the  posterior  end  of  the  abdomen 
are  two  strong  recurved  chitinous  structures  called  caudal  stylets.  These  prop 
up  its  body  and  aid  it  in  progression.  The  larva  is  active,  and  lives  on  any 
organic  matter  found  in  dust.  It  has  biting  mouth  parts,  and  it  can  break  up 
and  digest  a  wide  range  of  organic  substances.  Apparently,  however,  one 


Fig.  256.  Flea  larva.  1,  Head  ;  2,  antennce  ;  3,  egg-breaker  ; 

4,  caudal  stylets. 

of  the  chief  foods  of  the  larvre  is  the  dried  blood  that  has  been  discharged 
per  anum  when  the  adult  is  feeding.  These  drops  of  blood  discharged  by 
the  adult  flea  often  fall  where  the  larvae  are  living,  and  dry  into  small  black 
particles  which  are  eaten  by  them. 

The  larval  state  lasts  in  hot  weather  from  ten  to  fourteen  days,  and  during 
development  the  larva  moults  twice.  In  cold  weather  its  growth  is  very  much 
delayed. 

When  the  larva  is  fully  grown  it  spins  a  small  cocoon  (fig.  258)  by  means 
of  silk  glands  in  its  head  ;  in  this  it  pupates.  The  silk  pupa  cases  are  generally 
covered  with  small  gritty  particles,  which  render  them  less  conspicuous.  The 
pupa  (fig.  259)  does  not  feed,  and  while  at  rest  within  the  cocoon  the  larval 
tissues  are  broken  down,  and  the  flea  itself  develops.  This  process  takes  a 
further  ten  to  fourteen  days  (the  time  depending,  as  in  all  the  stages  of  the 
life-history,  upon  the  weather  and  temperature),  and  then  the  perfect  and 
fully  grown  insect  emerges.  Bacot  has  shown  that  in  the  case  of  C.  fasciatus, 
the  pupal  condition  may  last  from  eight  days  under  favourable  conditions  to 
as  long  as  six  hundred  days  when  the  conditions  are  unfavourable. 

The  length  of  life  of  adult  fleas  would  seem  to  be  about  a  fortnight  in  the 
majority  of  cases  when  the  weather  is  warm,  but  with  colder  weather  fleas  live 
longer.  Under  the  most  favourable  conditions  that  could  be  devised  Bacot  has 
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succeeded  in  keeping  fleas  alive  for  ninety-five  days,  but  none  survived  longer 
than  this  period.  Removed  from  their  host  fleas  may  live  for  several  days,  if 
they  are  in  the  dark,  and  surrounded  by  a  warm  damp  atmosphere. 


Fig.  257.  Larva  of  flea  Fig.  258.  Pupae  of  flea,  showing  gritty  particles  attached  to 

in  natural  environment.  pupal  case.  (After  Bacot.  From  the  Journ.  of  Hygiene.) 
(After  Bacot.  From  the  (Photo  by  Tonge.) 

Journ.  of  Hygiene.) 

(Photo  by  Tonge.) 


Fig.  259.  Pupae  of  flea  removed  from  pupal  cases.  (After  Bacot.  From  the 

Journ.  of  Hygiene.)  (Photo  by  Tonge.) 


SPECIES  OF  IMPORTANCE  TO  MAN. 

Fleas  are  divided  into  two  families  : 

Pulicidse.  Fleas  not  having  their  thoracic  segments  fore-shortened  or  telescoped 
into  one  another  ;  first  and  second  leg  joints  (coxje  and  femora)  much 
enlarged. 

Sarcopsyllidae.  Fleas  having  their  thoracic  segments  fore-shortened  or  telescoped 
into  one  another  ;  first  and  second  leg  joints  (coxa;  and  femora)  not 
enlarged. 
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(i)  Fleas  of  known  importance  to  man. 

Pulicidae. 

Pulex  irritans  (the  ‘  human  ’  flea),  (fig.  260.) 

Xenopsylla  cheopis  (the  oriental  rat  flea  or  plague  flea),  (fig.  261.) 
Ceratophyllus  fasciatus  (the  European  rat  flea),  (fig.  264.) 
Ctenocephalus  canis  (the  common  dog  flea),  (fig.  263  (a).) 
Ctenocephalus  felps  (the  common  cat  flea),  (fig.  26&  ( b ).) 


Fig.  260.  Pulex  irritans,  male,  ^  and  female,  $.  (After  Castellani 

and  Chalmers.) 


Fig.  261.  Xenopsylla  cheopis  :  head 
and  thorax.  (After  Alcock.) 


Fig.  262.  Ctenocephalus  canis  :  head 
and  thorax.  (After  Alcock.) 


Sarcopsyllidse. 

Dermatophilus  penetrans  (the  Jigger,  Chigger,  or  Chigoe  flea),  (fig.  265.) 


(ii)  Fleas  of  possible  importance  to  man. 

Pulicidse. 

Ceratophyllus  anisus  (the  common  rat  flea  in  Japan). 
Hoplopsyllus  anomalus  (North  American  rat  flea). 
Ctenophthalmus  wgyrtes  (European  rat  flea). 

Ctenopsylla  musculi  (rats  and  mice  in  many  parts  of  the  world). 
Hystricopsylla  tripectinata  (rats  and  mice). 

Pygiopsylla  ahalce  (Australian  rat  flea). 

Chiastopsylla  rossi  (South  African  rat  flea). 

TROPICS  i  I  j 
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Neopsylla  bidentatiformis  (Russian  rat  flea). 

Pulex  pallipes  (rats  and  man). 

Sarcopsyllidse. 

Echidnophaga  gallinacea  (fowl  flea). 

Pulex  irritans  L.  (fig.  260).  This  is  the  human  flea.  It  will  attack  other 
animals  including  the  rat.  Its  principal  specific  characters  are  as  follows.  The 
labial  palpi  are  long  and  are  composed  of  three  segments.  There  is  no  transverse 
belt  of  bristles  on  the  head.  Each  abdominal  segment  has  only  one  belt  of 


(Note  difference  in  shape.) 


Fig.  264.  Cercitophyllus  fasciatus  : 
head  and  thorax.  (After  Alcock.) 


Fig,  265.  Dermatophilus  penetrans. 


bristles.  The  hind  coxa  (first  joint  of  the  last  pair  of  legs)  has  numerous  teeth 
on  the  inner  side  arranged  in  an  irregular  row.  Distribution,  cosmopolitan. 

Xenopsylla  cheopis  Roth.  (fig.  261).  The  common  rat  flea  of  the  tropics, 
known  also  as  the  plague  flea,  as  it  is  the  chief  vector  of  this  disease ;  differs 
very  slightly  from  Pulex ,  but  may  be  recognized  by  an  irregular  V-shaped 
chitinous  thickening  to  be  seen  on  the  lateral  aspect  of  the  first  (coxal)  joints  of 
the  second  pair  of  legs.  Distribution,  tropics  and  sub-tropics. 

Ctenocephalus  canis  Kolenati  (fig.  263  (a)  ).  The  common  flea  of  dogs, 
but  it  will  also  attack  rats  and  man.  This  flea  has  two  combs,  one  on  the  thorax 
and  one  on  the  lower  side  of  the  head.  The  latter  comb  has  its  teeth  arranged 
in  a  longitudinal  row.  Distribution,  cosmopolitan. 

Ctenocephalus  felis  Bouche.  Distinguished  from  C.  canis  by  the  shape 
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of  the  head  and  the  characters  of  the  teeth  in  the  head-comb  (cf.  figs.  263  (a) 
and  ( b )). 

Ceratophyllus  fasciatus  Curtis  (fig.  264).  The  common  European  rat  flea 
which  will  also  attack  man  and  other  animals.  This  flea  has  but  one  comb, 
which  is  situated  on  the  thorax,  comprised  of  from  eighteen  to  twenty  teeth. 
Distribution,  cosmopolitan. 

Dermatophilus  penetrans  Guerin  (fig.  265).  The  female  when  fertilized 
bores  her  way  into  the  skin  around  the  toes  or  fingers,  and  when  the  eggs  are 
mature  forms  an  inflamed  cyst  in  the  skin  about  the  size  of  a  small  pea. 

Preparation  of  specimens.  For  the  identification  of  the  different  species 
and  genera,  specimens  should  be  dehydrated  in  alcohol,  cleared  in  oil  of  cloves, 
oil  of  cedar,  or  xylol,  and  mounted  as  microscopical  objects  in  Canada 
balsam.  An  excellent  method  of  preparation  is  to  place  the  specimens  directly 
into  pure  liquid  phenol  until  they  are  transparent.  They  should  then  be  trans¬ 
ferred  to  Canada  balsam  in  a  small  tube,  until  by  diffusion  the  phenol  has  been 
displaced,  when  they  can  be  mounted  in  the  usual  way. 

Large  and  heavily  chitinized  specimens  may  need  treatment  in  a  weak 
solution  of  KOH  (5-10  per  cent)  before  dehydration  and  clearing  are  attempted. 
Fleas  that  have  shrivelled  up  by  drying  should  be  immersed  in  hydrogen  peroxide, 
in  which  liquid  they  will  be  found  to  soften  and  expand. 


CLASSIFICATION 

The  following  is  Rothschild’s  table  for  the  identification  of  the  more 
important  genera.  For  a  graphic  explanation  of  the  nomenclature  used, 
consult  fig.  252. 

Family  :  Sarcopsyllidse  (Chiggers). 

The  members  of  this  family  are  not  confined  to  one  host.  Three  genera  are 
known  and  are  tabulated  as  follows  : 

a.  Hind  coxa  without  a  patch  of  spines  on  the  inside. 

a1.  Hind  femur  simple  .  .  .  .  .  .1.  Dermatophilus . 

b1.  Hind  femur  with  a  large  tooth-like  projection  near 

the  base  ........  2.  Hectopsylla. 

b.  Hind  coxa  with  a  patch  of  short  spines  on  the  inside  .  3.  Echidnophaga. 

Family  :  Pulicidae  (true  fleas). 

Section  1.  Club  of  antennae  distinctly  segmented  only  on  the  hind  side. 


a.  No  comb  on  head  and  thorax. 

a1.  The  internal  incrassation,  which  extends  from  the 
insertion  of  the  mid  coxa  into  the  thorax,  joins  the 
anterior  edge  of  the  mesosternite 
b1.  This  incrassation  joins  the  upper  edge  of  the  meso¬ 
sternite  ........ 

b.  With  a  comb  on  the  pronotum  only  .... 

c.  With  a  comb  on  the  pronotum  and  at  the  lower  edge  of 

the  head  ........ 


Pulex. 

Xenopsylla. 
Hoplopsyllus . 

Ctenocephalus. 
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a. 


Section  2.  Club  of  antennae  distinctly  segmented  all  round. 
Eye  developed. 


Cer  at  ophy  llus. 

Pygiopsylla. 

Chiastopsylla. 


a1.  No  comb  on  head. 

a2.  Pygidium  not  projecting  backwards ;  frons  with  tubercle 
b2.  Pygidium  strongly  convex,  projecting  backwards  ;  frons 
without  tubercle  ....... 

b1.  Two  spines  at  angle  of  gena  .  .  .  . 

b.  Eye  vestigial  or  absent. 
a1.  Abdomen  without  comb. 

a2.  Hind  edge  of  tibiae  with  about  eight  short  and  several 
long  bristles,  which  do  not  form  a  comb. 
a3.  Fifth  segment  in  fore  and  mid  tarsi  with  five,  and  in 
hind  tarsus  with  four  lateral  bristles  . 
b 3.  Fifth  segment  in  fore  and  mid  tarsi  with  four,  and  in 
hind  tarsus  with  three  lateral  bristles,  there  being  an 
additional  pair  of  bristles  in  all  the  tarsi  on  the 
ventral  surface  in  between  the  first  pair  .  Ctenophtkalmus. 
b2.  Hind  edge  of  tibiae  with  about  twelve  short  and  three 

long  bristles,  the  short  ones  forming  a  kind  of  comb  .  Ctenopsylla. 
b1.  Abdomen  with  at  least  one  comb  .  .  .  Hystrichopsylla . 


Neopsylla. 


BIONOMICS. 


Fleas  breed  best  in  dusty  and  dirty  places,  on  thick  neglected  carpets, 
on  plush  upholstered  furniture,  in  feather  mattresses,  the  kennels  and  sleeping 
places  of  animals,  bird-nests,  and  in  the  burrows  of  wild  animals.  A  paradise 
for  the  human  fleas  is  found  in  badly  kept  4  picture  palaces  ’,  where  the  warmth 
and  semi-darkness  give  a  delightfully  protective  environment  to  the  insects, 
where  larval  food  can  be  found  in  abundance  on  the  dirty  floors,  carpets,  and 
upholstered  seats,  and  where  massed  humanity  with  attention  rivetted  to 
the  screen  is  the  happy  hunting-ground  of  the  adult  flea  which  here  doubt¬ 
less  finds  it  may  throw  caution  to  the  winds  and  indulge  its  hearty  appetite 
in  full. 

An  interesting  fact  in  connexion  with  the  feeding  habits  of  fleas  is  that 
certain  people  seem  to  be  immune  from  attack.  Fleas  will  wander  over  the 
skin  of  such  persons  but  for  some  reason  refrain  from  biting. 

It  must  be  remembered  that  while  different  species  of  fleas  have  particular 
hosts,  they  will  attack  any  warm-blooded  animal  if  food  is  scarce.  Mammalian 
fleas  have  often  been  found  on  birds.  Pulex  irritans,  whose  particular  host  is  man, 
has  been  found  on  dogs,  cats,  rats,  mice,  foxes,  jackals,  pole-cats,  and  caracals 
in  South  Africa,  on  a  lynx  in  North  America,  and  sometimes  on  birds.  This 
flea  is  commonly  found  on  badgers  in  England. 

It  seems  probable  that  if  fleas  are  unable  to  obtain  the  blood  of  vertebrates 
they  may  attack  other  creatures.  The  experiments  of  Dampf  lend  support 
to  this  view.  This  investigator  introduced  a  number  of  common  bird  fleas 
(Ceratophyllus  gallince)  into  a  cage  containing  some  hairy  caterpillars,  and 
observed  that  several  fleas  of  both  sexes  made  excursions  amongst  the  hairy 
coats,  and  rapidly  settled  down  to  bite.  The  caterpillars  in  evident  discomfort 
and  annoyance  wriggled  and  squirmed  violently  while  being  attacked.  It  has 
also  been  recorded  that  fleas  have  been  observed  to  prey  and  feed  freely  on  the 
larvae  of  a  certain  small  Lepidopteron,  which  was  living  on  dried  peas,  and  also 
on  flies  that  were  weak  and  incapable  of  flight. 
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In  the  tropics  it  has  often  been  observed  that  certain  rooms  that  have  been 
shut  up  for  some  days  are  found  to  be  infested  with  fleas  in  prodigious 
numbers.  This  is  probably  to  be  accounted  for  by  the  fact  that  ideal  and 
undisturbed  breeding  conditions  have  been  set  up.  The  adults  may  have  found 
rats  and  mice  on  which  to  feed  and  in  the  dusty  and  undisturbed  rooms  the 
larvae  have  developed  rapidly,  until  the  rooms  are  literally  overrun  with  the 
insects.  However,  when  the  rooms  have  been  opened  up  it  has  also  been  noticed 
that  the  swarms  of  adult  fleas  are  so  starved  that  they  have  not  enough  vitality 
remaining  to  bite.  The  probable  explanation  of  this  is  that  there  has  been  a 
food-supply  sufficient  to  nourish  the  parent  fleas  and  to  allow  them  to  lay  large 
numbers  of  eggs,  but  the  food- supply,  if  any,  when  the  offspring  have  attained 
the  adult  condition  has  been  altogether  insufficient  for  so  many  hungry  insects. 

It  seems  certain  that  adult  fleas  cannot  withstand  a  fast  for  much  longer 
than  a  fortnight. 

ASSOCIATION  WITH  DISEASE. 

The  chief  diseases  in  which  fleas  play  a  part  are  : 

(i)  Plague  ( Bacillus  pestis ),  which  is  transmitted  from  rats  suffering  with 
the  disease  to  man  by  the  bites  and  the  faeces  of  fleas  that  have  become 
infected  through  feeding  on  the  rats’  blood  containing  the  plague  bacillus. 
Those  which  have  been  shown  to  transmit  infection,  in  order  of  their 
respective  importance,  are  :  X.  cheopis,  C.  fasciatus,  P.  irritans,  and  Hoplo- 
psyllus  annulatus. 

(ii)  Leishmaniasis  ( Leishmania  donovani).  Fleas,  on  fairly  good  presump¬ 
tive  evidence,  are  regarded  as  possible  vectors  of  this  disease  (Vol.  II). 

(iii)  The  trypanosomiasis  of  rats  ( T .  lewisi). 

(iv)  Fleas  act  also  as  the  intermediate  hosts  of  the  developmental  (cysticer- 
coid)  stages  of  certain  tapeworms  of  the  dog  and  cat.  Cats  and  dogs  become 
infested  with  the  tapeworms  by  the  ingestion  of  infected  fleas.  This  probably 
often  happens  when  the  animal  is  licking  itself  or  worrying  at  the  parasites 
with  its  teeth.  Man  may  also  acquire  infection  with  these  tapeworms  by  the 
accidental  ingestion  of  fleas  carrying  the  cysticercus. 

(v)  Dermatophiliasis  due  to  parasitism  by  the  Sarcopsyllidae  ( Dermatophilus 
penetrans  and  its  allies)  (Vol.  III). 

PROPHYLAXIS. 

Rooms  infested  with  fleas  may  be  cleared  of  these  pests  by  dusting  the  floors 
and  furniture  with  pyrethrum  or  other  insect  powder,  or  by  sprinkling  powdered 
naphthalene  on  the  floors  and  furniture,  and  then  closing  the  rooms  for  a  few 
days.  Fumigation  with  sulphur,  bisulphide  of  carbon  vapour,  and  hydrocyanic 
acid  gas  have  been  used,  and  when  the  infestation  is  extensive  these  measures 
are  practical. 

Eucalyptus  oil  is  said  to  be  a  very  excellent  repellant,  and  a  piece  of  camphor 
placed  in  a  bed  will  give  the  occupant  freedom  from  attack  fairly  successfully. 
Zupitza  affirms  that  a  trace  of  iodoform  on  clothing  will  keep  fleas  at  a 
distance,  and  he  advocates  its  use  in  plague  areas  for  this  reason. 

Cunningham’s  experiments  on  the  destruction  of  fleas  and  their  young  stages 
^  by  means  of  sunlight  are  interesting  (see Scientific  Memoirs ,  Gov.  of  India,  No.  40). 
He  found  that  personal  and  bed  clothing  infested  by  fleas  was  speedily  rid 
of  these  parasites  when  placed  in  direct  sunlight,  and  that  the  action  of  the 
direct  rays  was  rapidly  lethal  to  the  fleas,  eggs,  and  larvae. 

For  infested  feather  mattresses  steam  heat  seems  the  best  means  of  sterilization. 

.  I 
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Cleanliness  and  the  prevention  of  the  accumulations  of  dust  are,  however, 
the  best  prophylactics. 

The  chief  natural  enemies  of  fleas  are  certain  Staphylinid  beetles  and  ants. 
The  latter  in  the  tropics,  while  often  constituting  a  pest  in  themselves,  may 
nevertheless  serve  a  useful  purpose  by  devouring  the  larval  and  pupal  stages 
of  the  flea. 

SARCOPSYLLID^. 

The  Sarcopsyllidse  on  account  of  their  fixed  parasitic  mode  of  life  have 
become  somewhat  modified. 

This  is  especially  true  as  regards  the  mouth  parts,  thorax,  and  legs. 

Among  the  Pulicidae,  the  mouth  parts 
when  in  action  are  directed  downwards, 
but  the  mouth  parts  of  the  Sarcopsyllidse 
are  directed  forwards  and  lie  in  line  with 
the  longitudinal  axis  of  the  body.  In  con¬ 
sidering  this  family  we  may  take  the 
notorious  Chigger  flea  ( Dermatophilus  pene¬ 
trans  (fig.  265))  as  an  example. 

Chigger  fleas.  The  mouth  parts  of 
D.  penetrans  conform  to  the  general  type 
of  flea  mouth  parts,  but  the  maxillae  and 
mandibles  are  broader,  heavier,  and  more 
serrated  on  their  edges,  while  the  parts 
that  envelop  these  organs,  the  labium 
and  labial  palpi,  are  weakly  chitinized  and 
quite  soft.  In  the  chigger  and  its  allies, 
the  thoracic  segments  are  telescoped  into 
one  another,  and  thus  the  distance  between 
the  head  and  abdomen  is  considerably 
less  than  in  the  Pulicidse.  The  legs  are  not  nearly  so  well  developed  for 
jumping,  and  the  jumping  powers  of  these  fleas  are  in  consequence  quite  small. 
These  modifications  are  all  in  keeping  with  the  life-history. 

The  males  and  females  attack  man  and  other  animals,  but  the  fertilized 
female,  once  she  attaches  herself  to  the  host,  burrows  beneath  the  skin,  and 
becomes  completely  enveloped.  With  the  forwardly  directed  mouth  parts  the 
insect  penetrates  the  skin  very  much  as  a  tick  does,  and  the  compression  of 
the  thoracic  segments  shortens  the  body  length  as  far  as  possible  and  reduces 
the  risk  of  detachment  by  scratching  on  the  part  of  the  host.  The  parasites 
show  a  predilection  for  the  skin  around  the  toes.  The  fertilized  female  (fig.  266) 
rapidly  burrows  her  way  into  the  skin,  causing  a  transient  irritation,  and 
comes  to  rest  with  the  terminal  segment  of  the  abdomen  just  flush  wTith  the 
outer  skin  surface.  In  this  way  the  insect  is  able  to  obtain  air  through  the  last 
pair  of  abdominal  stigmata,  and  to  discharge  her  ova  when  matured. 

As  the  eggs  develop  her  abdomen  swells  until  it  attains  the  size  of  a  small 
pea.  The  area  on  the  toe  where  the  parasite  lies  is  generally  by  this  time  slightly 
inflamed  and  painful.  The  eggs  are  discharged  singly,  and  fall  to  the  ground 
where  they  undergo  development  after  the  manner  of  all  fleas.  When  the  eggs 
are  laid  the  parent  dies  and  shrivels  up. 

The  chigger  thrives  in  warm,  dry,  sandy  places,  and  breeds  prolifically  in 
dirty  native  huts.  These  parasites  were  a  positive  scourge  among  the  troops  in 


Fig.  266.  Dermatophilus  penetrans. 
Fertilized  female,  distended  with  ova. 
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certain  localities  during  the  recent  campaign  in  East  Africa.  Rain  and  damp 
weather  temporarily  banish  D.  penetrans ,  and  it  seems  only  to  attack  while 
the  weather  is  dry  and  warm,  and  then  to  show  its  greatest  activity  during  the 
early  evening  and  the  hours  of  darkness. 

So  far  little  is  known  about  the  eggs,  larvae,  and  pupae  of  chiggers,  and  as  a 
group  they  are  particularly  deserving  of  study  by  persons  resident  in  the  tropics. 

At  present  fourteen  species  of  Sarcopsyllidae  belonging  to  three  distinct 
genera  are  known,  but  doubtless  many  other  forms  of  this  interesting  family 
remain  to  be  found.  The  chigger  is  a  native  of  Central  and  South  America, 
and  ranges  from  Mexico  to  Northern  Argentina.  It  was  carried  from  there  to 
West  Africa,  and  has  spread  east  across  the  Great  Lakes  to  the  opposite  coast, 
thence  to  India  and  even  to  Madagascar.  It  has  recently  been  reported  to  have 
got  as  far  as  China. 
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CHAPTER  23 

THE  MAKING  OF  ENTOMOLOGICAL  COLLECTIONS 

IN  THE  TROPICS 

BY 

S.  A.  NEAVE 

M.A.,  D.Sc.  Oxford.  F.E.S.,  F.Z.S.,  M.B.O.U.  Assistant  Director  Imperial 

Bureau  of  Entomology,  London. 

Only  those  who  have  personal  experience  of  tropical  conditions  are  likely 
to  realize  that  the  preservation  and  successful  transmission  to  Europe  of  an 
insect,  when  once  collected,  is  often  the  more  laborious  half  of  the  undertaking. 
Before  giving  some  brief  notes  as  to  how  this  may  best  be  done,  it  would  be 
well  to  point  out  that  it  is  very  difficult  for  the  worker  in  the  field  in  out-of-the- 
way  parts  of  the  world  to  develop  any  sustained  interest  in  entomology  without 
being  in  touch  with  those  at  home  who  can  give  him  information  as  to  the 
identification  and  importance  of  his  collections.  An  organization  that  exists 
inter  alia  for  this  very  purpose  is  the  Imperial  Bureau  of  Entomology,  the 
head  office  of  which  is  at  the  British  Museum  (Natural  History),  Cromwell  Road, 
London,  S.W.  7.  The  Director  of  the  Bureau  to  whom  all  parcels  of  specimens 
should  be  addressed  will  always  be  willing  to  identify  collections  of  insects 
*  sent  in  by  medical  officers  and  others  from  any  part  of  the  world.  In  the  same 
way  specimens  may  be  sent  for  identification  to  the  Bureau  of  Entomology, 
United  States,  Department  of  Agriculture,  Washington,  D.C.  In  this  connexion 
collectors  are  asked  to  send  large  series  of  insects,  especially  of  those  that  appear 
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to  have  any  relation  to  disease.  It  frequently  happens  that  an  insect  that  is 
common  in  the  experience  of  the  collector  is  by  no  means  so  in  collections  at 
home.  Large  numbers  of  even  well  known  disease-bearing  insects  are  also 
extremely  valuable,  e.  g.,  the  better  known  Anophelines  and  other  disease¬ 
bearing  mosquitoes  such  as  Aedes  ( Stegomyia )  fasciata,  as  these  are  required  in 
quantities  for  the  use  of  students  at  the  Schools  of  Tropical  Medicine  and 
elsewhere. 

APPARATUS  REQUIRED  AND  GENERAL  INSTRUCTIONS. 

Nets.  The  best  net  for  general  purposes  is  that  known  as  the  ‘  kite  net 
the  frame  of  which  is  in  three  pieces,  the  two  side  pieces  being  of  wood  and  the 
top  of  curved  cane.  This  frame  is  attached  to  the  handle  by  means  of  a  brass  Y. 
The  latter  is  a  vital  portion  of  the  apparatus  as  most  of  the  strain  falls  upon 
it  and  it  is  not  easy  to  replace.  It  should  not  be  soldered.  When  brazed  it  is 
fairly  satisfactory,  but  the  only  Y  that  will  stand  really  hard  wear  is  one  that 
is  bored  out  of  a  solid  piece  of  metal.  The  starched  green  gauze  that  is  usually 
sold  with  such  nets  is  also  unsatisfactory,  and  bags  of  tulle  or  fine  mosquito 
net  are  more  durable,  though  considerably  more  expensive. 

Glass-bottomed  pill-boxes  are  very  useful  for  bringing  home  the  more  fragile 
insects.  The  most  useful  sizes  are  those  of  1,  lj,  lj,  and  2  inches  diameter. 

Brass  chloroform-bottle.  This  may  be  used  for  killing  the  smaller  insects  in 
the  pill-boxes,  in  the  lid  of  which  a  small  hole  should  be  bored  and  through 
which  a  drop  or  two  of  chloroform  can  be  introduced. 

Cyanide  killing-bottles  should  be  made  as  follows  :  Into  a  wide-mouthed 
bottle  put  a  layer  of  plaster  of  Paris  about  §  of  an  inch  (T  cm.)  deep  :  cover 
this  with  powdered  cyanide  of  potassium  mixed  with  rather  more  than  its 
bulk  of  plaster  :  then  add  another  J  inch  (-5  cm.)  layer  of  dry  plaster  and 
cover  the  whole  with  a  similar  layer  of  plaster  mixed  with  water  to  the  con¬ 
sistency  of  cream.  It  is  important  in  the  tropics  not  to  use  more  than  the 
minimum  amount  of  water  required  to  make  the  plaster  set,  and  bottles  made 
up  in  England  often  fail  in  this  respect  when  taken  to  a  hot  and  damp  climate. 
Rubber  corks,  though  expensive,  are  much  the  best  for  cyanide  bottles.  A  large 
glass  tube  in  a  wooden  case  makes  a  convenient  pocket  bottle,  and  can  be 
charged  either  with  cyanide  or  with  a  few  drops  of  chloroform  on  cotton  wool. 

Camel  hair  brushes  (Nos.  1  and  2)  for  catching  and  handling  fleas  and  other 
small  insects. 

Curved  nickel-plated  forceps  for  handling  pinned  insects,  etc. 

Glass  tubes  for  spirit  specimens  in  wooden  cases.  The  corks  should  be 
specially  selected  and  should  be  waxed  to  prevent  the  evaporation  of  the  spirit. 

Store-boxes  for  pinned  insects  should  be  varnished  or  painted  to  prevent 
warping  or  splitting,  and  the  tops  and  bottoms  should  also  be  secured  with  screws. 
Small  boxes  travel  more  safely  in  the  post  than  larger  ones,  but  if  not  strongly 
made,  must  be  enclosed  in  a  larger  and  stouter  case.  Mould  may  be  prevented 
in  store-boxes  by  lightly  smearing  the  inner  surfaces  with  beechwood  creosote. 

Pins.  Generally  speaking,  insects  may  be  sent  more  safely  and  in  larger 
numbers  when  unpinned.  Butterflies,  most  moths,  dragon-flies,  and  a  few 
Hymenoptera  such  as  some  Ichneumonids,  and  Diptera  such  as  Tipulids, 
travel  well  in  triangular  paper  envelopes.  Beetles  and  the  less  hairy  bees  and 
wasps  may  be  packed  in  small  boxes  filled  with  sawdust  mixed  with  a  little 
flake  naphthalene.  Care  should  be  taken  that  the  sawdust  is  well  shaken  down 
and  that  the  boxes  are  quite  full  before  final  transmission.  Any  small  card 
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boxes  with  close  fitting  lids  and  match  boxes  are  suitable  for  this  purpose  and 
may  be  packed  in  tins  for  final  transmission.  Pinning  is,  however,  necessary 
in  the  case  of  certain  insects,  notably  nearly  all  the  Diptera  (see  below).  The 
pins  recommended  are  those  manufactured  by  D.  F.  Taylor  &  Co.  ;  the  short 
No.  20  for  all  Diptera  smaller  than  a  housefly  ;  the  short  No.  10  for  larger  ones 
up  to  the  size  of  a  bluebottle,  while  for  still  larger  insects  the  long  No.  16  may 
be  used.  It  is  better  not  to  stage  any  insects  on  cards  and  then  mount  them 
on  a  longer  pin,  as  unstaged  insects  travel  much  more  securely.  In  inserting 
insects  pinned  with  the  fine  No.  20  pins  into  the  store  box,  the  point  of  the  pin 
and  not  the  head  must  be  seized  with  the  forceps. 

Labels.  It  is  impossible  to  insist  too  strongly  on  the  immense  importance 
of  giving  full  and  accurate  data  for  every  specimen  captured.  Every  label 
should  give  the  following  particulars  :  (1)  name  of  locality;  when  away  from 
civilization,  the  distance  and  compass  bearing  from  the  nearest  recognized 
geographical  feature  should  be  given  as  the  names  of  native  villages  are  difficult 
to  identify  and  their  location  is  not  always  permanent  ;  (2)  altitude  ;  (3)  date — 
thus,  20.  x.  19  ;  (4)  collector’s  name  ;  (5)  any  brief  note  of  interest  such  as 
the  food-plant  or  the  host  in  the  case  of  a  parasite.  Longer  notes  on  habits, 
seasonal  occurrence,  &c.  should  be  kept  in  a  diary  under  a  number  correspond¬ 
ing  with  that  on  the  specimen.  Insects  taken  paired  should  be  carefully 
noted  and  labelled  respectively  ‘  A  ’  in  cop.  with  4  A  1  ’  and  ‘  A  1  ’  in  cop. 
with  4  A  ’. 

Preservation  of  specimens  in  spirit,  etc.  Methylated  spirit,  preferably 
containing  70  per  cent  alcohol,  is  suitable  for  preserving  insects  such  as  fleas, 
bed-bugs,  ticks,  &c.,  but  should  not  be  used  for  those  intended  for  anatomical 
examination  as  it  interferes  with  subsequent  processes  of  staining.  Insect 
material  required  for  delicate  histological  work  should  be  fixed  in  a  mixture 
(preferably  warmed  to  about  40°  C.)  composed  of  a  saturated  solution  of 
mercuric  chloride  (HgCl2)  with  half  its  bulk  of  about  96  per  cent  alcohol  (ordinary 
rectified  spirit)  to  which  about  1  per  cent  of  glacial  acetic  acid  has  been  added. 
Specimens  should  be  fixed  in  this  for  from  3  to  12  hours,  and  as  the  solution  is 
not  very  penetrating  the  larger  insects  should  be  cut  open  at  some  point  that 
will  not  interfere  with  subsequent  examination.  Specimens  thus  fixed  should 
be  washed  with  70  per  cent  alcohol  containing  a  little  iodine  before  preserving 
in  90  per  cent  alcohol.  Another  solution  also  recommended  by  Dr.  H.  E. 
Eltringham  consists  of  :  picric  acid  in  absolute  alcohol  6  parts,  chloroform 
1  part,  formalin  40  per  cent  1  part,  glacial  acetic  acid  0-5  part.  If  the  subsequent 
examination  of  the  insect  involves  cutting  any  hard  ehitin,  the  formalin  should 
be  omitted.  The  material  should  be  fixed  in  this  for  24  hours,  washed  in  two 
or  three  changes  of  90  per  cent  alcohol  and  then  preserved  in  the  same.  This 
solution  is  more  penetrating  than  the  mercury  one,  and  is  especially  recom¬ 
mended  when  it  is  intended  subsequently  to  use  the  combined  eosin  and  methyl 
blue  stain  which  cannot  be  used  after  the  latter. 

Before  transmitting  tubes  containing  spirit  specimens  a  few  crumpled  pieces 
of  tissue  paper  should  be  placed  in  each  to  prevent  the  contents  shaking  about 
in  transit,  and  a  few  drops  of  glycerin  added  to  prevent  the  drying  up  of  the 
specimens  in  the  event  of  the  alcohol  evaporating.  As  already  stated  the 
*  corks  should  be  waxed  ;  in  hot  climates  the  wax  of  a  stearin  candle  will  be 
found  suitable  for  this  purpose.  In  the  case  of  spirit  specimens  it  is  best  to  put 
the  label  inside  the  tube  and  in  this  case  it  must  be  written  with  a  soft  black 
graphite  pencil  or  in  waterproof  ink. 
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THE  COLLECTION  AND  PRESERVATION  OF  DIPTERA. 

Tabanidae  and  large  flies.  Though  the  flies  of  this  family  are  many  of  them 
conspicuous  and  the  females  attract  attention  from  their  blood-sucking  habits, 
the  tropical  species  are  still  far  from  being  completely  known,  more  particularly 
in  the  case  of  the  less  conspicuous  genera  containing  large  numbers  of  species 
such  as  Hcematopota.  Domestic  animals,  especially  the  larger  ones,  are  usually 
more  attractive  to  these  flies  than  man.  Owing  to  their  habits  the  females  are 
comparatively  easy  to  collect,  but  special  steps  are  required  in  the  case  of  the 
males  which  do  not  suck  blood.  These  are  usually  most  numerous  just  before 
the  rainy  season — at  least  in  Africa- — and  can  then  be  found  drinking  at  damp 
mud  and  sand.  They  are  also  attracted  to  flowers.  Little  or  nothing  is  known 
about  the  early  stages  of  the  large  majority  of  this  family.  The  eggs  are  laid 
in  masses  in  reeds,  etc.,  overhanging  mud  or  shallow  water.  The  larvae  are 
to  be  found  in  the  mud  and  sand  at  the  water’s  edge  of  streams  and  ponds,  and 
in  the  case  of  certain  species  in  running  water.  They  are  difficult  to  keep  in 
captivity  owing  to  their  markedly  carnivorous  and  cannibal  habits.  Examples 
of  the  early  stages  are  much  wanted,  especially  of  such  larvae  as  have  been 
identified  by  breeding  ;  they  may  be  preserved  in  spirit  or  preferably  in  the 
mercuric  solution  described  above. 

The  flies  of  this  family  may  be  brought  home  alive  in  glass-bottomed  pill¬ 
boxes  or  killed  at  once  in  cyanide  bottles,  which  should  contain  a  number  of 
pieces  of  soft  crumpled  paper.  They  should  always  be  pinned,  but  if  this  is 
impossible  they  should  be  packed  in  small  c  cushion  ’  envelopes  of  soft  paper 
made  from  rectangular  pieces  from  2  by  2|  inches  (5  by  6-5  cm.)  to  2j  by  3  inches 
(6  by  7-5  cm.).  The  same  methods  should  be  adopted  in  the  ease  of  other  larger 
flies  such  as  Glossina  (tsetse-flies),  Stomoxys  and  other  Muscids,  and  the  curious 
flies  of  the  family  Hippoboscidae.  In  collecting  the  two  former  it  should  be 
remembered  that  certain  species  are  crepuscular  in  their  habits.  Of  the  latter, 
the  species  infesting  mammals  are  many  of  them  comparatively  sluggish  and 
may  be  found  running  about  under  the  coat  of  their  host  after  death.  Those 
infesting  birds  are  on  the  contrary  exceedingly  active  and  usually  leave  their 
host  immediately  it  is  killed. 

Culicidee  and  other  small  or  delicate  flies.  Many  species  of  mosquitoes 
may  be  obtained  during  the  day  in  shady  woods  and  forests  ;  others  frequent 
swampy  ground  and  can  be  obtained  in  numbers  about  sunset.  Examples 
taken  in  the  open  should  be  brought  home  alive  in  glass-bottomed  pill-boxes. 
Mosquitoes  when  in  houses  tend  to  fly  to  the  windows  at  dusk  and  may  then 
be  captured  with  a  pill-box  in  the  bottom  of  which  has  been  placed  a  strip  of 
blotting  paper  soaked  in  chloroform.  This  box  should  be  placed  over  a  mosquito, 
and  the  stupefied  specimen  then  transferred  to  a  killing-bottle.  Some  mosquitoes 
also  collect  by  day  inside  native  huts,  especially  those  with  thatched  roofs. 
In  the  case  of  the  forest  haunting  species,  the  trunks  of  certain  trees  are  often 
attractive  to  mosquitoes,  especially  the  males,  owing  to  the  exudations  of  sap 
upon  which  they  feed.  Mosquitoes  are  easily  reared  from  the  larvae,  and  much 
useful  work  still  remains  to  be  done  in  this  direction.  It  should  be  remembered 
that  many  species  can  breed  in  very  minute  collections  of  water  such  as  may 
be  found  in  the  hoof-marks  of  animals  and  empty  nut-shells.  Other  small  biting 
midges,  such  as  Simulium,  Phlebotomies,  Culicoides,  etc.,  should  also  be  carefully 
collected.  Though  the  adults  are  often  found  long  distances  from  water,  the 
larvae  of  Simulium  occur  only  in  running  streams,  so  far  as  is  at  present  known. 
Phlebotomus  and  Culicoides  may  be  looked  for  in  latrines  and  damp  shady  places. 
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The  members  of  these  genera  are  all  very  minute,  and  examples  should  be 
preserved  in  alcohol  as  well  as  dry. 

For  all  general  purposes,  mosquitoes  are  best  preserved  dry,  and  preferably 
should  be  pinned.  For  this  purpose  the  fine  No.  20  pins  should  be  used.  The 
pin  should  be  thrust  through  the  middle  of  the  thorax  on  the  upper  side,  gently 
pushing  the  insect  two-thirds  of  the  way  up  the  pin  ;  this  may  be  conveniently 
effected  by  pushing  the  pin  through  the  corner  of  a  soft  handkerchief.  About 
half  the  examples  of  a  given  species  should  be  pinned  in  this  way,  the  remainder 
may  be  pinned  through  the  side  of  the  thorax  instead  of  from  above. 

Midges  and  sand-flies  may  be  pinned  in  the  same  manner,  but  in  this  case 
the  majority  should  be  pinned  through  the  side.  It  should  be  remembered 
that  mosquitoes  and  all  small  and  delicate  flies  must  be  dealt  with  as  soon  as 
possible  after  death  as  they  become  dry  and  stiff  very  rapidly  and  are  then 
too  brittle  to  handle.  Where  it  is  not  possible  to  pin  mosquitoes,  they  should 
be  packed  in  the  following  manner,  immediately  after  being  killed.  Take 
a  very  small  piece  of  cotton  wool,  tease  it  out  into  a  very  light  web-like  mass 
and  place  this  in  a  pill-box  so  that  it  fills  about  two-thirds  of  it.  Place  the 
mosquitoes  or  other  small  flies  upon  the  wool,  taking  care  to  distribute  them 
evenly,  and  not  too  closely,  over  its  surface.  A  very  thin  web-like  layer  should 
then  be  placed  over  the  insects  ;  there  must  be  no  pressure  upon  them  and 
plugs  of  cotton  wool  that  have  not  been  properly  teased  out  must  not  be  used. 
There  must  be  only  one  layer  of  insects  in  each  box  and  a  single  drop  of  creosote 
should  be  placed  in  the  lid  of  each. 

Much  still  remains  to  be  done  in  ascertaining  the  relative  degree  of  importance 
of  the  various  species  of  Anopheline  mosquitoes  as  potential  carriers  of  malaria. 
Work  in  the  field  of  the  utmost  value,  involving  the  dissection  and  preservation 
of  the  mosquito  mid-gut  or  stomach,  is  therefore  required.  I  am  indebted  to 
Dr.  J.  H.  Ashworth  of  Edinburgh  for  the  following  description  of  the  best 
method  of  effecting  this. 

The  instruments,  etc.  required  are  :  Two  fine,  round  needles  and  one 
triangular  one  (or  other  small  cutting  blade),  each  mounted  in  a  light  wooden 
handle  ;  pipette  ;  fine  sable  brush  (No.  1)  ;  slides  ;  ether  or  chloroform  ; 
saline  solution  5  per  cent  ;  and  a  mixture  for  preserving  or  4  fixing  ’  the 
organs.  A  convenient  fluid  is  that  known  as  Bles’s  fluid  composed  of  :  70 
per  cent  alcohol  90  parts  ;  strong  formalin  (40  per  cent)  7  parts  ;  glacial  acetic 
acid  3  parts.  This  must  be  freshly  made  up  as  its  fixing  power  deteriorates 
after  a  day  or  two,  especially  in  a  warm  climate. 

After  anaesthetizing  the  mosquito  with  ether  or  chloroform,  lay  it  on  a  slide 
and  brush  the  abdomen  with  5  per  cent  saline  solution,  to  remove  the  scales. 
With  the  triangular  needle  cut  off  the  abdomen  as  close  as  possible  to  the 
thorax,  i.  e.,  along  the  line  I— I,  in  diagram  A,  fig.  267.  Transfer  the  detached 
abdomen,  without  compressing  it,  to  a  clean  slide  on  which  is  placed  one  drop  of 
clean  saline  solution.  Dissect  (preferably  under  a  dissecting  microscope  or  lens) 
as  follows  :  with  a  fine  round  needle  in  each  hand,  place  the  point  of  one  needle 
on  the  seventh  abdominal  segment  close  to  its  hind  margin  and  as  near  the 
dorsal  edge  as  possible  (i.  e.,  at  the  point  marked  1  in  diagram  A),  and  the 
point  of  the  other  needle  on  the  eighth  abdominal  segment  close  to  its  anterior 
margin  and  as  near  the  dorsal  edge  as  possible  (i.  e.,  at  the  point  marked  2 
in  diagram  A)  ;  by  means  of  these  needles  slightly  separate  the  seventh  and 
eighth  segments  along  the  dorsal  portion  of  the  intersegmental  line.  Repeat 
this  operation,  with  the  points  of  the  needles  at  3  and  4  respectively,  so  as 
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to  separate  these  segments  ventrally  along  the  intersegmental  line,  as  shown  in 
diagram  B,  fig.  267.  In  each  case  the  amount  of  separation  is  to  be  very  small  and 
at  the  edges  only  ;  the  eighth  segment  is  not  to  be  detached  from  the  seventh. 
Now  place  the  point  of  one  round  needle  at  5  (diagram  A),  i.  e.,  on  the  very  edge 
of  the  first  abdominal  segment,  and  the  point  of  the  other  needle  at  4.  Keep 
the  needle  at  5  stationary  ;  by  means  of  the  needle  at  4  gradually  draw  the 
eighth  segment  away  from  the  seventh  and  continue  the  gentle  traction  until 
the  gut,  which  should  come  out  attached  to  the  eighth  segment,  is  withdrawn 
from  the  anterior  abdominal  segments.  In  most  cases  the  reproductive  organs 
will  be  withdrawn  along  with  the  gut.  In  the  case  of  mature  females  with 
bulky  ovaries  it  is  sometimes  desirable  to  carry  out  the  separation  one  segment 
further  forward,  i.  e.,  at  the  line  between  the  sixth  and  seventh  abdominal 
segments.  During  the  dissection,  fat-globules  will  be  set  free  from  the  fat-body. 
To  get  rid  of  these  wash  the  dissection  with  two  or  three  drops  of  the  saline 
solution  from  a  fine  pipette.  If  the  wall  of  the  mid-gut  or  stomach  bears  obvious 
cysts,  or  is  believed  to  contain  parasites,  any  blood  which  is  present  in  the 
stomach  should  be  allowed  to  issue  either  through  the  cut,  anterior  end  or 
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Fig.  267.  To  illustrate  the  method  of  dissecting  a  mosquito. 

through  two  punctures  carefully  made  in  the  wall  of  the  widest  part  of  the 
stomach.  The  blood  should  be  washed  away  by  means  of  two  or  three  drops 
of  the  saline  solution  from  a  fine  pipette  before  the  organs  are  preserved. 

Remove  any  excess  of  saline  solution  by  sloping  and  thus  draining  the  slide, 
or  by  means  of  filter  paper  ;  the  dissection  must,  however,  not  be  allowed  to 
dry  and  there  should  be  as  little  delay  as  possible  before  adding  the  4  fixing  ’ 
fluid.  This  fluid  may  be  gently  dropped  on  to  the  preparation  from  a  fine  pipette, 
or  a  succession  of  drops  may  be  allowed  to  run  over  it.  The  fluid  fixes  or 
coagulates  the  protoplasm  and  the  organs  become  white.  The  dissection  should 
be  transferred  as  soon  as  possible  with  plenty  of  the  fixing  fluid  to  a  tube  or 
bottle  which  has  a  well-fitting  cork  or  stopper.  It  will  facilitate  future  examina¬ 
tion  or  sectioning  of  the  stomach  if  this  is  preserved  so  as  to  retain  its  natural 
shape  ;  it  must  be  kept  as  straight  as  possible  and  not  allowed  to  become 
folded.  A  separate  tube  or  bottle  should  be  used  for  the  stomachs  of  each 
species  of  mosquito.  The  dissections  may  be  kept  in  the  fixing  fluid  which 
does  not  require  to  be  renewed,  or  they  may  be  transferred,  after  a  day,  into 
alcohol  of  80  to  90  per  cent. 

Mosquitoes  may  also  be  preserved  in  the  mercury  solution  recommended 
on  p.  489,  and  in  transmitting  such  specimens  the  instructions  there  given 
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should  be  followed,  special  care  being  taken  that  a  close-fitting  plug  of  tissue 
paper  is  inserted  well  down  the  tube  and  that  no  air-bubble  is  present  below  this. 

FLEAS. 

Fleas  are  to  be  found  both  on  birds  and  mammals,  but  as  they  leave  their 
hosts  as  soon  as  they  get  cold,  these  must  be  examined  alive  or  freshly  killed. 
If  the  host  is  small,  it  may  be  placed  in  a  killing  bottle  or  in  a  small  box  or  tin 
containing  a  few  drops  of  chloroform,  benzine,  or  ammonia.  The  dead  or 
stupefied  fleas  can  then  be  transferred  by  means  of  a  small  moistened  brush 
to  the  alcohol  in  the  collecting  tubes. 

In  the  case  of  larger  mammals  and  birds,  fleas  must  be  searched  for  by 
turning  back  the  hair  or  feathers  ;  they  may  be  killed  by  touching  them  with 
a  brush  moistened  with  spirit,  benzine  or  chloroform.  Many  bird  fleas  may 
be  obtained  by  keeping  the  nests,  immediately  the  young  have  left  them,  in 
a  box,  preferably  one  lined  with  white  paper  and  with  a  glass  lid.  Any  fleas  in 
the  nest  may  be  reared  by  slightly  moistening  the  nest  occasionally,  and  mature 
fleas  will  often  continue  to  emerge  from  it  for  six  or  eight  weeks.  The  nests  of 
moles,  rodents,  etc.,  can  be  treated  in  the  same  way.  As  it  is  important  that  the 
name  of  the  host  should  be  accurately  determined,  the  skins  (and  skulls  in  the 
case  of  mammals)  of  the  smaller  hosts  should  be  sent  home  for  identification. 

Burrowing  fleas  such  as  the  4  jigger  5  ( Dermatophilus  'penetrans )  may  be 
found  on  many  kinds  of  birds  and  mammals  ;  they  should  not  be  pulled  out, 
but  wherever  practicable,  the  infested  portion  of  the  skin  should  be  cut  out 
and  preserved  in  spirit  ;  or  they  may  be  killed  in  situ  with  chloroform  and 
carefully  removed. 

Fleas  should  always  be  preserved  in  alcohol,  50  per  cent  rectified  spirit  being 
the  best  for  this  purpose.  Each  tube  should  contain  fleas  from  one  host  only, 
and  large  numbers  of  specimens  should  be  sent,  as  there  are  often  many  species 
on  a  single  host. 

TICKS. 

Ticks  may  be  found  on  all  domesticated  and  a  great  number  of  wild  animals. 
Some  species  are  also  to  be  found  on  birds  (the  head  being  a  favourite  point 
of  attack),  while  others  are  peculiar  to  reptiles  and  batrachians.  Several  species 
attack  man,  especially  in  the  larval  stages  ;  among  the  more  important  human 
ticks  are  the  Argasids  of  the  genus  Ornithodorus.  These  do  not  remain  perman¬ 
ently  attached  to  their  host,  and  must  be  looked  for  in  native  huts,  rest-houses, 
old  camping-grounds,  etc.,  or  in  the  lairs  of  wild  animals.  They  bite  only  at 
night  and  hide  by  day  in  the  dust  on  the  ground,  in  cracks  in  the  floor  or  walls, 
or  in  the  thatch.  Ticks  that  are  attached  to  their  host  require  careful  removal  ; 
they  are  useless  as  specimens  if  the  4  false  head  ’  is  left  embedded  in  the  skin. 
They  are  best  removed  with  a  flat-nosed  forceps,  care  being  taken  to  seize  the 
4  false  head  ’  as  close  as  possible  to  the  skin  of  the  host,  or  they  can  be  induced 
to  let  go  their  hold  by  touching  them  with  a  brush  dipped  in  oil. 

A  large  number  of  all  sizes  of  ticks  from  a  given  host  should  be  sent  home. 
411  the  individuals  from  one  species  of  animal  from  one  locality  and  taken  on 
the  same  day  may  be  placed  in  the  same  tube.  Those  from  different  hosts  or 
distinct  localities  must  be  kept  separate. 

To  kill  ticks  it  is  only  necessary  to  drop  them  into  the  preservative  which 
should  be  either  rectified  spirit  60  to  70  per  cent  or  a  3  per  cent  solution  of 
formalin,  preferably  the  former. 
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BED-BUGS. 

When  a  house  in  the  tropics  is  found  to  be  infested  with  bed-bugs,  the  inside  of 
the  tops  of  all  the  mosquito-nets  should  be  examined  at  once,  as  this  is  a  favourite 
hiding-place  for  these  parasites.  They  may  also  be  obtained,  when  numerous, 
by  spreading  a  broad  ring  of  pyrethrum  powder  round  the  lower  sheet  or  blanket 
on  which  the  sleeper  lies  ;  individuals  that  have  endeavoured  to  attack  him 
during  the  night  will  then  be  found  more  or  less  disabled  in  the  morning. 

Bugs  are  also  to  be  found  in  the  nesting-boxes  in  fowl-houses,  birds’ 
nests,  especially  those  of  swallows,  the  roosting-places  of  bats  and  sometimes 
on  the  bats  themselves.  They  should  never  be  preserved  dry,  but  always  in 
60  to  70  per  cent  spirit  or  3  per  cent  formalin. 

LICE 

The  sucking  lice  (Anoplura)  and  biting  lice  (Mallophaga)  should  be  searched 
for  on  the  feathers  and  hair  of  all  birds  and  mammals  including  aquatic  animals 
such  as  seals  and  whales.  The  eggs,  which  are  laid  on  the  hairs  or  on  the  under¬ 
side  or  base  of  feathers  are  also  of  importance,  and  the  hairs,  etc.,  should  be 
cut  off  and  preserved  with  eggs  adhering  to  them.  All  lice  should  be  preserved 
in  alcohol  in  the  usual  way. 

PACKING  SPECIMENS  FOR  TRANSMISSION. 

In  concluding  this  chapter  a  few  further  notes  on  the  importance  of  careful 

packing  are  necessary.  In  the  first  place  in  transmitting  insects  to  Europe 

from  the  Tropics  care  must  be  taken  that  they  are  absolutely  dry,  especially 

if  sent  in  tins  ;  if  this  is  not  attended  to,  they  will  be  ruined  by  mould  by  the 

time  they  arrive.  The  risk  of  mould  may  be  minimized  by  the  use  of  small 

quantities  of  creosote  as  already  described.  Store-boxes  of  pinned  insects  should 

not  only  have  had  a  little  creosote  smeared  over  the  inner  surfaces  before  the 

insects  are  placed  in  them,  but  some  naphthalene  should  be  melted  in  a  metal 

spoon  and  poured  into  one  of  the  corners.  All  the  pins  should  be  gone  over  with 

the  forceps  to  see  that  they  are  as  firm  as  possible.  It  must  be  remembered 

that  a  single  loose  insect,  especially  if  of  any  size,  will  not  only  become  damaged 

itself,  but  may  do  serious  injury  to  others  in  the  box.  If  considered  stout  enough 

to  travel  without  the  protection  of  an  outer  box,  store-boxes  should  be  well 

covered  with  wadding,  shavings  or  other  soft  material  before  being  wrapped 

in  stout  paper  or,  better  still,  sewn  up  in  canvas.  All  packages  should  have  the 

name  of  both  sender  and  addressee  on  the  package  itself  as  well  as  on  the  label, 

as  the  latter  mav  become  detached  in  transit. 
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CHAPTER  24 

THE  LABORATORY.  CULTURE  MEDIA.  TESTS  FOR 
DIFFERENTIATING  ORGANISMS 


Synopsis:  Introduction,  p.  495;  The  laboratory,  p.  496;  Culture  media,  p.  502; 
Special  tests  for  differentiating  organisms,  p.  521. 


INTRODUCTION. 

The  great  advances  in  tropical  medicine  within  recent  years  have  resulted 
in  a  large  measure  from  the  close  co-operation  between  the  clinician  and  the 
laboratory  worker,  so  that  little  or  no  apology  is  needed  for  justifying  the 
inclusion  in  this  book  of  a  section  dealing  with  laboratory  methods. 

It  cannot  be  claimed  that  such  a  section  will  deal  with  all  the  methods 
employed  in  an  up-to-date  and  well-equipped  Western  laboratory  ;  the  aim 
has  been  rather  to  supply  the  laboratory  worker  in  the  tropics  with  information 
that  will  be  of  practical  value,  and  also  to  include  methods  involving  simple 
technique  which  may  be  of  assistance  to  medical  men  working  in  ‘  out  stations  ’ 
whose  armamentarium  consists  of  a  microscope,  a  few  slides,  and  cover-glasses, 
and  an  equally  small  selection  of  stains. 

The  microscope  is  as  essential  to  the  medical  man  in  the  tropics  as  is  the 
clinical  thermometer  or  the  stethoscope  ;  unfortunately  this  dictum  is  not  fully- 
realized,  diagnoses  of  diseases  being  often  based  entirely  on  the  clinical  picture — 
very  often  with  unfortunate  results  for  the  patient  and  perhaps  the  community. 
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The  difficulties  of  laboratory  work  in  the  tropics  have  only  to  be  experienced 
to  be  appreciated,  consequently  methods  used  in  temperate  climates  may  prove 
quite  unsuitable  and  provide  disappointing  results  when  employed  under  tropical 
conditions.  Modifications  and  improvisations  are  often  necessary  to  suit 
the  conditions  of  temperature  ;  moreover,  the  prevalence  of  dust  and  the 
frequent  contamination  of  cultures  with  mould,  etc.,  require  special  measures 
of  prevention. 

THE  LABORATORY.  In  choosing  the  site  for  a  laboratory  the  first 
essential  is  a  sheltered  position  with  a  good  light ;  a  working  room  should  be 
selected  with  either  a  northern  or  southern  aspect,  according  to  whether  one  is 
north  or  south  of  the  equator,  by  this  means  direct  sunlight  is  avoided.  The 
light  should  be  directed  through  a  window  which  will  also  serve  to  prevent 
the  entrance  of  dust  or  rain.  If  a  room  with  an  eastern  or  western  aspect  must 
be  used  it  is  advisable  to  have  a  low  veranda  outside  the  window. 

Fittings.  The  microscope  table  should  be  steady  and  should  be  placed  a  few 
feet  from  the  window.  Shelves  for  holding  bottles,  reagents,  etc.,  should  be 
fixed  on  the  walls,  and  a  cupboard  with  close-fitting  doors  will  be  found  useful 
for  storing  culture  media. 

If  tap-water  is  not  available  water  should  be  kept  stored  in  a  tank  or  empty 
clean  kerosene  oil  tin  with  a  well-fitting  lid.  The  water  can  be  withdrawn  by 
means  of  a  glass  siphon  tube  with  a  rubber  tubing  and  clamp  attached.  Beneath 
the  tank  a  receptacle  should  be  placed  to  receive  waste  water.  Distilled  water 
should  be  stored  in  large  well-stoppered  bottles  and  a  sufficient  amount  can 
readily  be  withdrawn  for  daily  use. 

Spirit  Bunsen  burners,  of  which  the  4  Primus  ’  is  an  excellent  type,  form 
suitable  substitutes  for  gas,  and  are  useful  for  sterilizing  purposes. 

An  incubator,  heated  by  gas,  oil  lamps,  or  electricity,  for  growing  organisms 
at  37°  C.  (98-6°  F.)  will  be  found  invaluable  ;  the  temperature  of  the  incubator 
being  maintained  by  thermo-regulators.  An  extemporized  incubator  can  be 
made  by  placing  a  biscuit-tin  inside  another  and  filling  the  space  between  with 
water.  A  small  oil  wick  lamp  placed  beneath  the  tins  will  serve  as  a  source  of 
heat,  and  the  temperature  can  be  regulated  by  raising  or  lowering  the  lamp. 

A  thermos  flask  may  also  be  used  as  an  incubator,  the  flask  being  filled  with 
water  at  100°  F.  (37-8°  C.),  the  culture  tubes  being  suspended  by  threads 
attached  to  pins  in  the  cork  of  the  flask. 

In  the  tropics  most  organisms  grow  well  at  4  room  temperature  ’  and  much 
useful  work  can  be  accomplished  without  an  incubator.  Low  temperature 
incubators,  such  as  those  supplied  by  Hearson,  are  useful  for  gelatin  and  other 
cultures,  the  low  temperature  being  maintained  by  water  from  a  chamber 
containing  ice,  a  small  motor,  controlled  by  a  thermostat,  causing  the  water 
to  circulate  through  the  hollow  chamber  containing  the  culture  material. 

A  centrifuge  will  be  found  useful,  especially  for  serum  reaction  work.  It 
may  be  worked  by  hand  or  may  be  driven  by  water  power  from  a  tap  or,  better 
still,  by  electricity.  It  should  be  placed  on  a  firm  base  and  should  be  protected 
by  a  strong  wire  frame  or  cage. 

Microscope.  A  good  microscope  with  a  substage  condenser,  mechanical 
stage,  and  iris  diaphragm,  is  essential.  Many  suitable  types  of  microscopes  are 
on  the  market,  the  choice  should  depend  on  the  conditions  under  which  the 
work  has  to  be  conducted.  Portable  or  travelling  microscopes  are  useful  if 
much  travelling  has  to  be  done.  The  base  of  the  microscope  should  be  strong 
and,  preferably,  of  the  horse-shoe  pattern,  with  heavy  footplates  to  permit  of 
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rigidity.  It  is  an  advantage  to  have  a  mechanical  stage  capable  of  ready 
attachment  or  removal.  A  triple  nose-piece  for  holding  the  different  objectives 
is  also  indispensable. 

The  microscope  tube  is  attached  to  the  upright  in  such  a  manner  as  to  allow 
of  it  being  moved  up  and  down,  parallel  to  the  upright.  The  length  of  the  tube 
is  important,  more  especially  when  the  higher  objectives  are  used,  the  better 
definition  being  obtained  with  a  certain  known  length  of  tube  ;  a  second  or 
draw  tube  within  the  outer  tube  can  be  drawn  out  so  as  to  lengthen  the  tube 
if  necessary.  Two  kinds  of  adjustment  are  used  for  focusing  objects  :  (1)  a 
wide  range  coarse  adjustment  by  means  of  a  rack  and  pinion,  which  brings  the 
object  approximately  into  focus  ;  and  (2)  a  fine  adjustment  of  delicate  movement 
and  small  range. 

The  objectives.  Three  are  commonly  used  :  a  16  mm.  (§  inch),  a  4  mm. 
(-J-  inch),  and  a  2  mm.  inch)  oil  immersion  lens.  In  purchasing  objectives 
it  should  be  stated  that  they  are  required  for  work  in  the  tropics. 

Objectives  are  usually  designated  by  their  equivalent  focal  distance. 
Objectives  frequently  have  their  numerical  aperture  (NA)  marked  on  them. 
Practically  speaking  this  represents  the  relative  proportion  of  the  rays  pro¬ 
ceeding  from  an  object  that  can  enter  the  lens  of  the  objective  and  form  an 
image.  The  greater  the  number  of  rays  the  greater  the  NA,  the  better  the 
definition.  In  using  the  2  mm.  or  inch  lens,  immersion  oil  is  placed  on  the 
slide  or  cover-slip  to  be  examined.  Immersion  oil  having  the  same  refractive 
index  as  glass  does  not  deflect  rays  coming  from  the  object  and  so  prevent  their 
entering  the  objective  as  would  be  the  case  if  a  dry  objective  with  an  intervening 
air  space  were  used.  With  a  dry  objective  a  portion  of  the  rays  would  be  turned 
aside  by  the  difference  in  the  refractive  index  of  air. 

Lenses  when  not  in  use  should  be  kept  in  a  perfectly  dry  stoppered  bottle. 
In  moist  tropical  climates  the  lenses  are  apt  to  deteriorate  and  become  cloudy, 
in  which  case  they  will  require  regrinding. 

Oculars.  A  No.  1  and  a  No.  4  ocular  will  meet  most  requirements,  for 
higher  magnification  a  No.  8  will  prove  serviceable. 

Illumination.  Direct  sunlight  or  very  bright  light  should  be  avoided. 
The  parts  of  the  microscope  concerned  with  illumination  are  the  mirror,  the  sub¬ 
stage  condenser,  and  the  iris  diaphragm. 

The  mirror  has  two  surfaces,  one  plane  and  the  other  concave.  The  plane 
mirror  should  be  used  when  examining  stained  films,  the  condenser  being  properly 
focused  so  as  to  illuminate  the  stained  film,  and  when  possible  the  mirror  should 
be  deflected  so  as  to  receive  the  light  from  a  white  cloud. 

The  concave  mirror  should  be  used  with  artificial  light  or  when  examining 
fresh  unstained  preparations,  the  light  being  almost  shut  off  by  the  iris  diaphragm 
so  as  to  obtain  a  contour  picture. 

If.  daylight  is  not  sufficient,  artificial  light  from  a  lamp  with  a  blue  coloured 
screen,  or  from  a  frosted  incandescent  bulb  is  very  satisfactory.  A  suitable 
screen  for  ordinary  lamplight  can  be  made  by  means  of  a  flask  filled  with  an 
alkaline  solution  of  copper  sulphate. 

Substage  condenser.  This  is  placed  between  the  mirror  and  the  stage  of 
the  microscope.  It  serves  to  collect  the  rays  of  light  from  the  mirror  into  a  cone 
which  can  be  focused  on  to  the  plane  of  the  object. 

Dark-ground  illumination  is  especially  useful  for  the  detection  of  spire- 
nemata  in  material  from  syphilitic  lesions,  and  for  studying  flagellates.  This 
form  of  illumination  requires  a  special  substage  condenser  which  can  be  fitted 
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to  the  microscope,  and  for  illumination  a  small  arc  or  Nernst  lamp,  or  incan¬ 
descent  gas  lamp  is  needed.  If  an  arc  lamp  be  used  a  rheostat  suitable  for  the 
electric  current  employed  is  necessary.  A  specially  constructed  diaphragm  is 
slipped  into  the  inch  objective.  In  dark-ground  illumination  work  it  is 
essential  to  use  clean  thin  slides  and  cover-slips,  and  the  material  to  be  examined 
should  be  thinly  spread  and  free  from  air  bubbles.  Before  focusing  the  object 
to  be  examined  the  substage  condenser  should  be  lowered  and  a  drop  of  cedar 
oil  placed  on  the  under  surface  of  the  slide  opposite  to  the  cover-slip.  The  con¬ 
denser  is  then  raised  till  it  touches  the  drop  of  oil.  Another  drop  of  cedar  oil 
is  then  placed  on  the  upper  surface  of  the  cover-slip  and  the  objective  lowered 
and  focused  in  the  usual  manner.  (See  Vol.  II,  Syphilis). 

Warm  stages.  In  the  tropics  warm  stages  are  scarcely  necessary,  but  if 
required  a  warm  stage  may  be  extemporized  by  using  a  piece  of  copper  plate 
about  the  size  of  the  stage  with  a  strip  projecting  laterally  for  5  or  6  inches. 
The  copper  plate  should  be  perforated  by  a  hole  in  the  centre,  its  under  surface 
being  covered  with  a  piece  of  flannel.  A  flame  from  a  spirit  lamp  impinging  on 
the  under  surface  of  the  lateral  projection,  will  heat  the  plate  to  the  necessary 
temperature.  More  elaborate  warm  stages  heated  by  electricity  or  by  the 
circulation  of  hot  water  can  be  obtained. 

Practical  points  in  the  selection  of  a  microscope.  The  stand  should  be  rigid 
and  the  adjustments,  both  coarse  and  fine,  should  work  smoothly  and  effectively. 
To  carry  out  further  tests  to  prove  the  efficiency  of  the  microscope,  place  a 
stained  blood  film  on  the  stage.  Movement  of  the  film  by  means  of  the  mechani¬ 
cal  stage  should  be  in  one  plane,  and  this  can  be  ascertained  by  examining  the 
film  with  the  different  objectives  and  determining  how  far  the  object  remains 
in  focus.  The  object  examined,  even  with  considerable  movements  of  the 
mechanical  stage,  should  only  be  a  little  out  of  focus.  A  satisfactory  nose-piece 
should  centralize  the  objective  correctly,  otherwise  an  object  in  the  centre  of 
the  field  with  a  low  power  may  not  be  in  the  field  with  a  higher  power  and 
vice  versa.  The  objectives  should  give  good  definition  and  magnification  in  a 
comparatively  flat  field.  If  the  field  is  not  flat  objects  slightly  removed  from 
the  centre  are  blurred,  while  those  at  the  periphery  are  out  of  focus. 

Practical  points  in  the  use  and  care  of  the  microscope.  In  focusing,  it  is 
advisable  to  get  all  the  details  possible  first  with  a  low  power,  bringing  the 
objective  nearer  to  the  object  than  is  necessary,  and  then,  while  looking  down  the 
microscope  to  withdraw  the  objective  by  means  of  the  coarse  adjustment  till 
the  object  is  seen  more  or  less  distinctly.  As  the  ranging  of  the  fine  adjustment 
is  small,  it  should  not  be  used  till  the  object  is  nearly  in  focus.  Before  using  an 
oil  immersion  lens  it  is  advisable  to  examine  the  field  with  a  low  power,  then 
withdraw  the  low  power  and  substitute  for  it  the  oil  immersion  lens  ;  place 
a  drop  of  oil  on  the  object  and  screw  down  the  tube  till  the  lens  just  touches  the 
oil  and  complete  the  focusing  by  means  of  the  fine  adjustment. 

After  use  the  lens  should  be  wiped  with  a  soft  rag  or  silk  handkerchief 
moistened  with  saliva  or  xylol.  Care,  however,  is  necessary  if  xylol  be  employed, 
as  it  is  apt  to  dissolve  the  cement  setting,  causing  the  latter  to  run  over  the 
inner  aspect  of  the  objective  ;  a  final  wiping  of  the  lens  with  a  soft  dry  silk 
handkerchief  will  obviate  this.  Japanese  lens  paper  is  also  useful  for  wiping  off 
the  dust  from  dry  objectives  or  the  immersion  oil  from  the  objective. 

When  not  in  use,  the  microscope  should  be  kept  in  its  case,  or  covered  by 
a  bell  jar  so  as  to  protect  it  from  dust  and  direct  sunlight.  The  parts  should 
not  come  in  contact  with  acids,  alkalis,  and  alcohol  which  will  injure  the  lacquer 
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of  the  instrument.  If  oil  be  used  for  lubricating  the  mechanical  parts,  all  excess 
should  be  wiped  off  to  avoid  the  catching  of  dust  particles. 

Drawing  and  measuring  objects.  A  camera  lucida  or  drawing  camera  will 
be  found  useful  for  drawing  purposes.  For  measurements  a  micrometer  slide 
and  micrometer  eye-piece  will  be  necessary.  The  unit  of  measurement  is 
1  micron  (1  fi)  which  is  equivalent  to  ToVo  millimetre. 

i.  By  the  ocular  micrometer.  A  simple  method  of  measurement  is  by  means 
of  the  ocular  micrometer  which  is  ruled  with  lines  ;  it  is  necessary  to  determine 
the  dimension  of  the  spaces  between  the  lines.  Unscrew  the  top  of  the  ocular 
and  insert  the  ocular  micrometer  so  that  it  rests  on  the  small  diaphragm  in  the 
ocular.  Screw  on  the  top  of  the  ocular.  Now  place  a  slide  with  a  millimetre 
(divided  into  hundredths)  scale  ruled  on  it  on  the  stage  of  the  microscope. 
Focus  so  that  the  scale  on  the  ocular  micrometer  and  the  scale  on  the  stage  will 
appear  at  the  same  time.  Then  ascertain  how  many  divisions  of  the  millimetre 
scale  are  covered  by  the  ocular  micrometer  scale.  Supposing  that  20  divisions 
of  the  ocular  micrometer  cover  8  divisions  of  the  stage  scale  (each  division  of 
the  100  stage  scale  representing  T-§o  millimetre)  this  will  be  T§ q  mm.  or  80//. 
Then  20  divisions  will  represent  80/z  and  each  division  of  the  ocular  micrometer 
will  represent  4//.  Having  determined  the  value  of  the  ocular  micrometer  scale 
for  each  combination  of  lenses  and  a  definite  tube  length  (160  mm.)  the  stage 
scale  is  no  longer  required.  The  tube  length  used  at  the  time  of  standardizing 
must  be  adhered  to  in  subsequent  measurements.  To  measure  an  object  insert 
the  ocular  micrometer  in  the  eye-piece  and  determine  how  many  divisions  of  the 
scale  are  covered  by  the  object  to  be  measured. 

ii.  By  the  camera  lucida.  For  coarse  measurements  of  objects  such  as  enta- 
moebae,  ova,  etc.,  the  camera  lucida  will  be  found  useful.  Attach  to  the  micro¬ 
scope  a  camera  lucida  and  pin  a  piece  of  drawing  paper  on  the  table  on  the  right- 
hand  side  of  the  microscope.  Adjust  the  mirror  and  diaphragm  of  the  camera 
lucida  so  that  the  object  under  the  microscope  and  the  tip  of  the  drawing  pencil 
are  clearly  seen  on  the  paper.  Mark  out  the  dimensions  of  the  object  to  be 
measured  on  the  paper,  then  remove  the  slide  containing  the  object  and  substitute 
a  millimetre  scale  divided  into  hundredths.  Draw  this  scale  at  a  corner  of  the 
paper  and  the  size  of  the  object  can  be  read  off  in  millimetres. 

Dissections.  These  can  be  carried  out  by  the  aid  of  a  dissecting  microscojDe 
or  a  watchmaker’s  lens.  Dissecting  needles  can  be  improvised  by  means  of 
ordinary  needles  ground  down  to  a  fine  point  and  attached  to  a  penholder. 
In  the  dissection  of  insects  a  dark  background  is  often  useful  and  an  improvised 
dissecting  trough  can  be  made  by  filling  a  Petri  or  staining  dish  with  melted 
paraffin  containing  soot  or  lamp  black.  Dissections  can  be  pinned  out  on  the 
paraffin  when  it  is  set. 

The  care  of  glass  slides  and  cover-slips.  Glass  slides  obtained  from  the  maker 
should  be  of  good  quality,  and  for  all-round  work  No.  2  quality  is  recommended. 
Thin  white  slides  are  necessary  for  dark  field  illumination  work. 

Slides  when  obtained  from  the  maker  should  be  placed  in  a  saturated  solution 
of  carbonate  of  soda,  brought  to  the  boil,  then  well  washed  in  running  water  and 
wiped  with  a  soft  linen  rag ;  they  are  then  transferred  to  50  per  cent  sulphuric  acid 
„  for  a  few  minutes,  washed  again  in  running  water,  and  the  excess  of  water  drained 
off ;  the  slides  are  then  placed  in  glass-stoppered  bottles  containing  spirit ;  before 
being  used  the  slides  are  taken  out  of  the  spirit  and  rubbed  with  a  soft  linen  rag. 

To  clean  old  slides,  or  slides  soiled  by  grease  or  balsam,  place  them  in 
a  fluid  composed  of  one  part  of  potassium  bichromate  and  commercial  sulphuric 
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acid  and  ten  parts  of  water  ;  store  in  spirit.  It  should  be  remembered,  however, 
that  the  bichromate  sulphuric  acid  mixture  has  a  corrosive  action. 

An  efficient  and  less  corrosive  method  for  cleaning  slides  and  also  cover- 
glasses  is  to  leave  them  for  twelve  hours  in  an  acetic  acid  alcohol  mixture  (two 
parts  of  glacial  acetic  acid  to  100  parts  of  alcohol).  The  slides  and  cover-glasses 
should  then  be  taken  out  and  dried  over  a  flame  to  remove  every  trace  of  grease, 
and  be  stored  in  spirit. 

Cover-glasses  should  be  of  the  best  quality  and  should  be  especially  thin 
(No.  1)  for  blood  work.  For  dark  field  illumination  work  the  thinnest  cover- 
glasses  are  necessary.  They  are  liable  to  deteriorate  and  become  frosted  in  the 
tropics,  more  especially  if  stored  in  a  dry  condition.  To  obviate  this  they 
should  be  sent  out  packed  in  oil  of  cloves.  The  oil  is  removed  by  placing  them 
for  an  hour  in  1  per  cent  lysol  solution  and  then  transferring  them  to  spirit. 
Before  use  they  should  be  placed  in  a  saturated  carbonate  of  soda  solution, 
brought  to  the  boil,  washed  in  running  water  and  placed  for  6  to  8  hours  in 
50  per  cent  sulphuric  acid,  washed  well  in  water  and  stored  in  spirit  in  wide¬ 
necked  bottles. 

Method  of  cleaning  stained  slides.  Boil  for  1  minute  in  a  solution  consisting 
of  equal  parts  of  6  per  cent  sodium  hydroxide  and  2  per  cent  calcium  carbonate. 
Rinse  in  cold  water  and  wipe. 

Method  of  cleansing  glassware.  Infected  tubes  and  dishes  should  be  placed 
in  some  disinfectant  solution  (e.  g.  1  per  cent  lysol)  and  after  emptying  their 
contents  they  should  be  placed  in  a  1  per  cent  solution  of  washing  soda  and 
boiled  for  at  least  one  hour  ;  they  should  then  be  cleansed  with  a  brush,  rinsed 
in  water  and  placed  in  a  1  per  cent  solution  of  hydrochloric  acid  for  a  few 
minutes,  then  washed  thoroughly  in  water  and  placed  in  test  tube  baskets 
mouth  downwards  ;  when  thoroughly  dry  they  may,  in  the  case  of  test  tubes, 
be  plugged  with  cotton  wool  and  sterilized. 

Alternative  method  of  cleaning  glass  apparatus.  To  remove  grease  or 
oil,  place  in  a  stock  solution  consisting  of  100  grm.  of  caustic  potash  in  100  c.c.  water 
and  methylated  spirit  800  c.c.  Leave  the  greasy  slides  in  the  solution  for 
1  hour  and  then  rinse  in  water.  The  stock  solution  can  be  used  repeatedly.  To 
remove  resinous  material  place  the  glass  for  30  minutes  in  a  solution  of  acetone 
500  c.c.,  methylated  ether  200  c.c.,  benzol  100  c.c. 

Inks  for  writing  on  glass.  These  will  be  found  useful  in  the  tropics  as  a 
substitute  for  labels. 

Black  ink  is  prepared  by  mixing  one  part  of  liquid  Chinese  ink  with  two 
parts  of  sodium  silicate  solution  (water  glass).  White  ink  is  prepared  by 
mixing  one  part  Chinese  white  (water  colour  pigment)  or  barium  sulphate  with 
three  to  four  parts  sodium  silicate  solution. 

Disinfectant  solutions.  Some  disinfectant  solution  should  always  be  kept 
in  a  receptacle  ready  for  immediate  use.  A  1  per  cent  solution  of  lysol,  kept  in 
an  empty  fruit  or  specimen  jar,  will  be  found  useful  for  contaminated  slides 
and  for  disinfecting  faeces  or  sputum,  etc.  A  very  similar  preparation  to  lysol 
can  be  made  by  placing  one  part  of  soft  soap  and  one  part  of  cresol  or  crude 
carbolic  acid  in  a  jar  and  allowing  this  mixture  to  stand  for  twelve  hours  ;  the 
resulting  compound  makes  a  ready  solution  with  water  and  a  5  per  cent  of  it 
will  prove  a  useful  disinfectant  solution. 

Filter  pump.  A  filter  pump  will  be  found  most  useful  for  filtering  cultures. 
For  ordinary  bacteriological  work  Geissler’s  water  exhaust  pump  attached  to 
a  tap  leading  directly  from  the  main  will  be  found  very  serviceable. 
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Capillary  pipettes.  These  are  indispensable  for  laboratory  work  and  can  be 
readily  made  from  glass  tubing  J  inch  bore.  A  Bunsen  flame  will  provide 
sufficient  heat  to  melt  the  glass  and  permit  of  it  being  drawn  into  the  different 
shapes  required.  In  the  case  of  pipettes  it  is  advisable  to  plug  the  wider  end 
with  cotton  wool. 

Rubber  tubing.  Pressure  and  ordinary  tubing  of  different  diameters  will 
prove  useful.  As  rubber  tubing  readily  deteriorates  in  the  tropics  it  is  advisable 
to  preserve  it  in  a  suitable  fluid.  Carbolic  acid  solution  1  in  60,  with  glycerin 
5  per  cent,  will  be  found  serviceable.  A  better  method  is  to  store  the  tubing  in 
bottles  containing  carbon  dioxide  gas.  The  bottles  should  be  fitted  with  corks 
containing  a  central  aperture  sufficiently  wide  to  allow  J  inch  of  the  rubber 
tubing  to  protrude.  The  cork  is  hermetically  sealed  with  melted  paraffin,  and 
when  a  portion  of  tubing  is  required  it  is  only  necessary  to  withdraw  what  is 
wanted  through  the  central  aperture  in  the  cork. 

Platinum  loops.  These  are  indispensable  for  laboratory  work,  a  wire  of 
26  gauge  being  found  most  useful.  A  portion  2  to  2|  inches  can  be  fused  into 
a  glass  rod  heated  to  melting-point  in  a  flame.  It  is  estimated  that  a  platinum 
loop  made  around  a  piece  of  copper  wire,  4  mm.  in  diameter,  will  hold  about 
2  mgm.  of  culture  taken  from  an  agar  slope.  Platinum  loops  are  usually  employed 
for  inoculating  culture  media  and  should  be  sterilized  in  the  flame  of  a  spirit  or 
other  kind  of  lamp  before  and  after  use. 

Swabs.  For  throat  cultures  and  for  culturing  feces,  pus,  or  other  material, 
swabs  will  be  found  very  serviceable.  They  can  be  readily  made  by  flattening 
the  end  of  a  piece  of  copper  wire,  by  means  of  a  hammer,  and  then  twisting  a 
pledget  of  absorbent  cotton  wool  around  the  flattened  end. 

Methods  of  sterilization.  1.  Sterilization  by  dry  heat  :  (a)  Red  heat 
is  used  for  sterilizing  platinum  needles  while  dull  heat  is  useful  for  the 
incidental  sterilization  of  cover-slips,  slides,  and  the  points  of  forceps  ;  ( b )  steri¬ 
lization  by  dry  heat  in  a  hot-air  chamber  is  used  for  glass  tubes,  swabs,  flasks, 
and  petri  dishes,  a  temperature  of  150°  C.  (302°  F.)  for  one  hour  being  sufficient 
to  kill  most  contaminative  organisms.  In  sterilizing  Petri  dishes  by  this  method 
it  is  advisable  to  wrap  the  dishes  in  paper.  After  sterilization  the  temperature 
of  the  hot-air  chamber  should  be  allowed  to  fall  before  the  glassware  is 
removed. 

2.  Sterilization  by  moist  heat  :  (a)  by  boiling,  which,  if  carried  out  for 
a  period  of  five  minutes,  will  kill  ordinary  germs  if  no  spores  be  present.  This 
method  is  often  used  for  sterilizing  instruments,  and  if  the  water  be  boiled  for  some 
minutes  or  carbonate  of  soda  added  before  placing  the  instruments  in  it,  the 
chances  of  rusting  them  will  be  minimized,  (b)  By  steam  at  100°  C.  (212°  F.).  The 
apparatus  generally  employed  is  Koch’s  steam  sterilizer  or  steamer.  It  is  avail¬ 
able  for  the  sterilization  of  all  ordinary  culture  media  ;  the  method  adopted 
is  to  steam  for  20  minutes  on  each  of  three  successive  days.  By  this  method  all 
the  non-spored  forms  of  organisms  are  killed  on  the  first  day ;  but  the  spores  escape. 
The  second  sterilization  kills  the  forms  that  have  developed  from  the  spores,  and 
the  third  kills  any  that  may  have  escaped  destruction  in  the  previous  sterilizations, 
(r)  Sterilization  by  steam  at  high  pressure.  This  is  usually  effected  in  an  auto¬ 
clave  and  the  temperature  employed  is  usually  115°  C.  (239°  F.)  or  120°  C. 

*  (248°  F.),  representing  a  pressure  of  23  lb.  and  30  lb.  to  the  square  inch  respec¬ 
tively.  This  method  is  suitable  for  most  culture  media  with  the  exception  of 
gelatin  (p.  509).  One  exposure  of  media  to  such  temperature  for  20  minutes  is 
sufficient  to  kill  all  organisms  or  spores. 
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In  using  the  autoclave  sufficient  water  must  be  present  to  ensure  the  presence 
of  a  residuum  of  water  when  steam  is  fully  up,  and  after  sterilization  is  completed 
it  is  necessary  to  allow  the  apparatus  to  cool  well  below  100°  C.  before  opening 
it  or  allowing  steam  to  blow  off,  otherwise  the  fluid  media  and  cotton  plugs  will 
be  blown  out  of  the  flasks.  ( d )  Sterilization  by  low  temperature.  It  has  been 
proved  that  most  organisms  in  a  non-spored  form  will  be  killed  by  a  prolonged 
exposure  to  a  temperature  of  57°  C.  (134-6°  F.),  a  fact  which  has  been  taken 
advantage  of  for  the  sterilization  of  blood  serum. 

Weights  and  measures  :  1  gramme  (grm.)  =  15-432  grains. 

1  cubic  centimetre  (c.c.)  =16-9  minims. 

1  litre  =  1,000  c.c.  or  35-2  fluid  ounces. 

1  centimetre  (cm.)  =  0-39  inch. 

1  metre  =  39-37  inches. 

1  grain  =  64-8  milligrammes  (mgm.). 

1  ounce  =  28-3  grammes. 

1  kilo  =  2  lb.  3  oz. 

1  micron  (a)  =  xoVo  millimetre. 


Conversions.  Formula  for  dilution  of  solutions.  Divide  the  strength  of  the 
known  solution  by  the  strength  required  and  subtract  1.  Example  :  to  dilute 

40 

a  solution  from  40  per  cent  to  5  per  cent  the  formula  would  be  —  =  8  —  1  =  7 

5 


of  the  diluting  fluid. 

To  convert  Fahrenheit  temperatures  into  the  Centigrade  scale,  subtract 
32,  multiply  the  remainder  by  5,  and  divide  the  result  by  9. 

To  convert  Centigrade  into  Fahrenheit,  multiply  by  9,  divide  by  5,  and 
add  32. 


CULTURE  MEDIA. 

The  media  in  frequent  use  at  home  prove  serviceable  in  the  tropics,  the 
most  commonly  used  having  as  their  basis  a  watery  extract  of  meat.  Gelatin, 
however,  owing  to  its  low  melting-point,  cannot  be  employed  as  a  culture 
medium  except  in  the  cooler  periods  of  the  year.  When  prepared  it  should  be 
stored  in  an  ice  chamber. 

Preparation.  In  the  preparation  of  media  great  care  is  necessary  in  all 
methods  of  sterilization  employed,  as  the  presence  of  moulds  and  aerial  and 
dust  organisms  is  a  frequent  cause  of  contamination.  In  most  tropical  climates 
moulds  often  develop  on  the  under-surface  of  cotton  plugs,  and  to  obviate  this 
it  may  be  necessary  to  carry  out  a  preliminary  sterilization  of  the  cotton  in  the 
hot-air  chamber  before  employing  it  for  plugging  tubes  containing  culture 
media. 

In  the  hot  seasons  of  the  year,  culture  media  are  very  apt  to  become  dessi- 
cated  owing  to  the  evaporation  of  the  water  of  condensation.  This  can  be  pre¬ 
vented  to  a  great  extent  by  dipping  the  inner  end  of  the  cotton  plug  in  melted 
paraffin  and  after  plugging  the  culture  tube  to  cover  the  outer  end  with  plasti¬ 
cine.  Plasticine  will  be  found  most  useful  in  sealing  the  cotton  plugs  of  test 
tubes.  Media,  when  not  in  use,  should  be  stored  in  cool  dark  cupboards. 

Scales,  weights  and  measures,  enamelled  saucepans,  glass  rods,  porcelain 
bowls,  glass  funnels,  and  filter  paper  are  essential  for  the  preparation  of  media. 
Two  burettes  measured  in  c.c.  are  useful  for  holding  the  standard  solutions 
necessary  for  estimating  and  adjusting  the  reaction  of  media. 
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Indicators.  As  indicators,  phenol-phthalein  0  5  per  cent  in  neutral  methy¬ 
lated  spirit,  and  azolitmin  papers  (made  by  immersing  filter  paper  in  0  1  per  cent 
of  azolitmin  overnight  and  drying),  or  neutral  red  papers  (made  by  soaking 
filter  paper  in  0-02  per  cent  neutral  red  for  three  minutes)  will  be  found  useful. 
Azolitmin  and  neutral  red  papers  are  more  sensitive  than  litmus  paper  for  deter¬ 
mining  the  reaction  of  the  culture  medium.  The  use  of  ordinary  litmus  is 
unsatisfactory  as  many  of  the  organic  acids  do  not  affect  it.  A  0-5  per  cent 
solution  of  phenol-phthalein  in  spirit  is  a  better  indicator.  It  is  colourless  when 
acid  or  neutral,  but  forms  a  brilliant  rose  pink  colour  with  any  free  alkali. 

Of  other  indicators  and  their  reactions  there  may  be  mentioned  :  rosolic 
acid,  which  becomes  yellow  with  acids  and  red  with  alkalis  ;  and  methyl  orange 
which  becomes  orange  red  in  acids  and  yellow  with  alkali.  Thymol-phthalein 
and  cresol  red  are  also  useful  indicators.  (See  also  p.  522.) 

Preparation  of  standard  solutions.  The  solutions  required  are  the  normal  solu¬ 
tions  of  acid  and  alkali.  A  normal  solution  N/l  is  a  solution  of  the  4  equivalent  ’ 
weight  in  grammes  of  the  substance  dissolved  to  a  litre  (1,000  c.c.)  of  solution. 
A  decinormal  solution  N /10  is  one-tenth  of  that  strength  or  one-tenth  of  the 
equivalent  weight  in  grammes  dissolved  in  a  litre  (1,000  c.c.)  of  distilled  water. 
A  centinormal  solution  N/100  is  one-hundredth  of  the  same  weight  dissolved 
in  a  litre  of  distilled  water. 

The  normal  solutions  employed  are  usually  those  of  sodium  hydrate  and 
sulphuric  acid.  The  equivalent  weight  of  sodium  hydrate  (NaOH)  is 
23  +  16  +  1  =  40  ;  whereas  the  equivalent  weight  of  sulphuric  acid  (H2  S04) 
as  it  neutralizes  two  molecules  of  sodium  hydrate  is  J  (2  +  32  +  64)  =  49. 

A  normal  solution  of  sodium  hydrate  is  therefore  40  grammes  dissolved  in 
distilled  water  and  diluted  to  1,000  c.c.;  and  a  normal  solution  of  sulphuric 
acid  will  be  49  grm.  diluted  to  1,000  c.c.  In  titrating  media  it  is  usual  to 
employ  decinormal  solutions. 

The  adjustment  of  the  reaction  of  media.  This  is  necessary  as  the  degree  of 
alkalinity  or  acidity  of  the  culture  media  may  materially  affect  the  growth  of 
organisms. 

The  methods  employed  for  adjusting  the  reaction  of  media  are  largely 
empirical  but  nevertheless  have  proved  satisfactory. 

Eyre  has  suggested  that  the  reaction  of  a  medium  may  be  expressed  by  the 
sign  +  or  —  which  indicates  acid  or  alkaline  respectively  and,  also,  a  number 
to  indicate  the  number  of  c.c.  of  normal  acid  or  alkali  required  to  render  a  litre 
of  the  medium  neutral  to  phenol-phthalein. 

To  DETERMINE  THE  AMOUNT  OF  ALKALINE  SOLUTION  NECESSARY  TO  MAKE  A 
LITRE  OF  THE  MEDIUM  NEUTRAL  TO  PHENOL-PHTHALEIN. 

It  has  been  found  that  an  acidity  of  +5  on  Eyre’s  scale  is  a  favourable  or 
optimum  reaction  for  the  majority  of  pathogenic  organisms.  For  streptococci 
an  acidity  of  —  10  is  usually  necessary.  An  acidity  of  +  5  means  that  the  normal 
soda  added  per  litre  of  the  culture  medium  is  5  e.c.  less  than  that  required  to 
neutralize  it  to  the  phenol-phthalein  end  point. 

For  example,  if  10  c.c.  broth  required  1-5  c.c.  N/10  soda  solution  to  neutralize 
it,  1,000  c.c.  (1  litre)  would  require  150  c.c.  N /10  soda  solution  or  15  c.c.  of  N  soda 
solution.  In  this  case,  to  make  an  acidity  of  +5  Eyre’s  scale  only  10  c.c.  of 
*  N  soda  would  be  added,  leaving  unneutralized  an  acidity  of  5  c.c.  N  soda.  If 
an  acidity  of  — 10  be  required  25  c.c.  N  soda  would  be  added. 

The  method  of  standardizing  is  as  follows  :  The  culture  medium, 
with  all  its  constituents  dissolved,  is  filtered  while  hot  and  placed  in  a  steamer  for 
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45  minutes.  At  the  end  of  that  time  remove  10  c.c.,  place  in  a  porcelain  dish 
and  add  a  few  drops  of  phenol-phthalein  solution.  Heat  the  contents  of  the 
porcelain  dish  to  expel  the  C02  and  run  in  decinormal  soda  solution  from  a 
burette  till  a  faint  permanent  pink  colour  is  obtained.  Read  off  the  amount  of 
decinormal  soda  used  and  repeat  the  process  twice  more,  using  a  fresh  10  c.c. 
of  the  medium  each  time.  Having  noted  the  amount  of  decinormal  soda  used 
in  each  test,  take  the  mean  and  divide  by  10  and  the  figure  obtained  will  repre¬ 
sent  the  amount  of  normal  soda  required  to  neutralize  10  c.c.  of  the  medium. 
Calculate  accordingly  the  amount  of  normal  soda  necessary  to  give  a  litre  its 
optimum  reaction.  A  more  accurate  method  by  the  use  of  special  indicators 
has  been  recently  described  by  McIntosh  and  Smart  ( Lancet ,  October  25,  1919). 

Hydrogen-ion  concentration  method  of  standardizing  media.  This  is  a  more 
accurate  method  for  it  has  been  proved  that  the  true  reaction  of  any  fluid  is 
determined  by  the  amount  of  hydrogen-  or  hydroxyl-ions  present  in  it,  expressed 
symbolically  as  Ph-  It  has  been  shown  that  a  neutral  fluid  is  one  in  which  the 
concentration  of  hydrogen-ions  is  the  same  as  that  of  the  hydroxyl-ions.  Such 
a  fluid  at  21°  C.  is  a  fluid  with  PH  =  7.  If  PH  be  less  than  7,  the  fluid  is  acid  ; 
if  PH  be  greater  than  7  it  is  alkaline.  For  bacteriological  purposes  a  range 
between  Ph  =  7-2  and  PH  =  7-5  is  usually  required.  For  the  accurate  deter¬ 
mination  of  the  hydrogen-ion  concentration  the  hydrogen  electrode  is  used, 
and  for  the  details  of  the  method  it  is  advisable  to  consult  a  paper  by  Barendrecht 
in  the  Biochemical  Journal,  1915. 

A  colorimetric  method  which  gives  accurate  results  has  been  described 
(Special  Report  Series  No.  35,  Medical  Research  Committee)  and  may  be 
quoted  here. 

The  apparatus  necessary  for  preparing  the  standard  tubes  of  definite 
hvdrogen-ion  concentration  is  : 

1.  Standard  burette,  50  c.c.  in  l/10ths. 

2.  Standard  100  c.c.  flasks. 

3.  Tubes  to  contain  the  standard  solutions. 

These  are  made  from  4  cordite  ’  tubes.  ‘  Cordite  tubes  ’  are  specially  selected 

tubes  of  hard  white  glass  which  have  a  uniform  thickness  of  wall  and  external 

diameter.  They  are  used  in  certain  colour  reactions  in  the  routine  testing 

of  cordite.  Test  tubes  of  good  quality  may  also  be  used,  provided  that  a  careful 

selection  is  made,  so  that  they  are  all  of  the  same  measurements.  ‘  Cordite 

tubes  ’  may  be  obtained  from  Baird  &  Tatlock,  Cross  Street,  Hatton  Garden, 

London,  E.C.  They  are  thoroughly  cleaned  by  boiling  with  distilled  water, 

rinsed  out  several  times  with  water,  and  dried  in  the  water  oven.  Thev  are 

•/ 

then  drawn  out  in  the  blow-pipe  flame  about  8  mm.  from  the  sealed  end,  so  that 
a  constriction  is  formed  about  3  mm.  in  diameter  through  which  they  can 
subsequently  be  filled. 

4.  Small  capillary  funnel  made  from  a  test  tube  by  drawing  out  a  neck  less 
than  3  mm.  in  diameter  and  about  15  cm.  long. 

The  solutions  necessary  are:  1.  A  1/5  normal  solution  of  dihydrogen 
potassium  phosphate  containing  phenol  red.  This  is  made  by  weighing  out 
13*616  grms.  of  that  salt  and  dissolving  it  in  about  300  c.c.  of  boiled  distilled 
water.  To  the  solution  is  added  90*6  c.c.  of  a  0*02  per  cent  solution  of  phenol 
red.  The  mixture  is  then  made  up  to  500  c.c.  with  boiled  distilled  water. 

2.  A  N/10  solution  of  sodium  hydroxide.  From  these  two  solutions  the 
following  mixtures  are  made  up  : 
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kh2po4 

N/10  NaOH 

Water  to 

P 

25 

17-80 

100 

6-6 

25 

23-65 

100 

6-8 

25 

29-63 

100 

7-0 

25 

35-00 

100 

7-2 

25 

39-50 

100 

7-4 

25 

42-80 

100 

7-6 

25 

45-20 

100 

7-8 

25 

46-80 

100 

8-0 

This  is  done  by  measuring  out  25  c.e.  of  the  phosphate  solution  with  a  pipette 
into  a  standard  100  c.e.  flask.  The  requisite  amount  of  N/10  sodium  hydroxide 
solution  as  given  in  the  table  is  added  from  a  burette  and  the  volume  of  the 
mixture  made  up  to  100  c.e.  with  distilled  water.  By  means  of  the  capillary 
funnel  the  4  cordite  ’  tubes  are  filled  with  these  solutions. 

The  ‘  cordite  ’  tubes  are  then  filled  with  this  solution,  using  the  small  capillary 
funnel.  It  is  advisable  to  place  a  few  small  crystals  of  thymol  in  the  tubes  to 
prevent  any  bacterial  growth.  The  tubes  are  numbered  and  the  proper  PH  is 
indicated  upon  them  ;  when  sealed  in  the  blow-pipe  they  are  ready  for  use. 
They  should  be  kept  in  the  dark  when  not  in  use. 

The  adjustment  of  the  reaction  of  media.  It  is  usually  desired  to  prepare 
a  medium  which  has  a  reaction  in  the  neighbourhood  of  Ph  =  7  0  to  Pfl  =  7-5. 
Whatever  the  reaction  of  the  medium  may  be  before  it  is  adjusted,  it  is  useful 
to  add  so  much  alkali  in  the  form  of  a  normal  sodium  hydroxide  or  a  normal 
sodium  carbonate  solution  that  a  drop  of  the  medium  on  a  piece  of  coralline 
paper  gives  a  faint  rose  tint.  Coralline  (rosolic  acid)  paper  is  prepared  by  dipping 
thin  filter  paper  or  glazed  paper  into  a  0-5  per  cent  solution  of  the  indicator  in 
50  per  cent  alcohol.  The  strips  of  paper  are  then  dried  in  the  air  and  kept  in 
a  stoppered  bottle.  In  using  this  paper  the  earliest  change  of  colour  can  be 
detected  by  allowing  the  wet  paper  to  come  into  contact  with  a  piece  of  dry 
white  filter  paper,  which  clearly  shows  the  faintest  pink  colour.  A  medium 
which  is  made  alkaline  to  this  extent  usually  has  a  reaction  somewhat  more 
alkaline  than  strict  neutrality  (PH  =  7  0).  The  reaction  of  the  medium  may 
then  be  accurately  adjusted. 

The  apparatus  and  reagents  necessary  for  adjusting  the  reaction 
are  : 

1.  Set  of  tubes  containing  solutions  of  known  PH  with  a  definite  concentra¬ 
tion  indicator. 

2.  Colour  comparator.  This  consists  of  a  rack  to  hold  three  pairs  of  tubes 
(Cole  and  Onslow),  or  a  rack  may  be  made  to  contain  a  larger  series  of  tubes. 

3.  Microburette.  This  may  be  improvised  from  an  accurate  1  c.e.  or 
2  c.e.  bacteriological  pipette  divided  into  0  01  or  0  02  c.e.  A  fine  tip  is  attached 
to  the  lower  end  with  rubber  tubing  and  the  delivery  of  the  liquid  is  controlled 
with  a  pinch-cock. 

4.  Bacteriological  pipette  to  deliver  0-5  c.e.  and  ordinary  pipette  of  5  c.e. 
capacity. 

5.  Clean  4  cordite  tubes  ’. 

6.  Phenol  red  solution,  0  01  per  cent,  made  by  diluting  the  0  02  per  cent 
solution  with  an  equal  volume  of  water. 

The  0  02  per  cent  solution  of  phenol  red  is  prepared  by  dissolving  0-1  grm. 
of  phenol  sulphonephthalein  in  about  100  c.c.  of  distilled  water  to  which  10  c.c. 
of  N/10  sodium  hydroxide  solution  have  been  added.  The  solution  may  be 
hastened  by  gentle  heating.  About  300  c.c.  of  water  are  added,  and  the  alkaline 
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solution  of  the  indicator  is  exactly  neutralized  with  10  c.c.  of  N/10  hydrochloric 
acid.  The  volume  is  then  made  up  to  500  c.c. 

7.  Twentieth  normal  sodium  hydroxide  solution,  made  by  taking  500  c.c. 
of  1/10  normal  NaOH,  91  c.c.  of  0  01  phenol  red,  and  making  up  to  1,000  c.c. 
with  water. 

Five  c.c.  of  the  medium  are  measured  into  one  of  the  cordite  tubes,  and 
0-5  c.c.  of  the  0  01  per  cent  solution  of  phenol  red  is  added.  This  tube  is  put  in 
place  3  in  the  rack.  In  places  2  and  6  are  put  the  standard  tubes  of  the  reaction 
between  which  it  is  desired  to  adjust  the  medium.  In  place  4  is  put  a  tube  of 
distilled  water.  In  places  1  and  5  are  put  tubes  containing  the  medium  without 
the  addition  of  indicator. 

In  this  way  the  light  passing  through  the  standard  tubes  2  and  6  traverses 
tubes  containing  uncoloured  medium  in  1  and  5,  while  the  tube  containing 
medium  and  indicator  in  3  is  backed  by  a  layer  of  water.  The  conditions  under 
which  the  light  comes  through  the  layers  of  liquid  in  all  three  sets  of  tubes  are 
thus  identical. 

Suppose  that  a  reaction  of  Ph  =  7*3  is  desired.  Standard  tubes  7-2  and  7-4 
are  placed  in  spaces  2  and  6.  It  is  easy  to  see  from  inspection  of  the  standard 
tubes  in  the  rack  whether  the  medium  is  more  alkaline  or  more  acid  than  is 
wished.  If  the  medium  is  more  acid  than  the  standard  7-2  it  will  be  necessary 
to  add  alkali  to  tube  3  until  the  tint  of  this  tube  comes  between  the  tints  7-2 
and  7-4.  To  do  this,  the  N/20  NaOH  is  added  slowly  from  the  microburette 
until  the  tint  is  between  7-2  and  7-4.  After  the  addition  of  each  small  quantity 
of  N/20  alkali  the  contents  of  tube  3  are  well  mixed  before  comparison.  For 
strict  accuracy  the  same  quantity  of  standard  alkali  should  be  added  at  the 
same  rate  to  tubes  1  and  6,  so  as  to  compensate  for  any  colour  change  of  the 
natural  pigment  of  the  medium.  Colour  changes  of  this  type  are  especially 
marked  in  the  case  of  media  made  from  vegetables. 

It  has  been  suggested  that  the  5  e.c.  of  medium  should  be  gently  boiled  for 
thirty  seconds  and  cooled  rapidly  before  being  titrated.  This,  to  a  certain  extent, 
compensates  for  changes  which  take  place  on  sterilization,  and  is,  on  the  whole, 
a  useful  procedure. 

Knowing  the  amount  of  N/20  alkali  which  is  necessary  to  bring  the 
contents  of  tube  3  to  the  required  tint,  it  is  easy  to  calculate  how  much  normal 
alkali  will  be  necessary  to  bring  a  large  volume  of  the  medium  to  the  requisite 
hydrogen-ion  concentration. 

For  example  : 

2,000  c.c.  of  a  broth  are  made  slightly  alkaline  to  coralline  by  the  addition 
of  normal  alkali.  A  broth  is  required  of  PH  =  7-4. 

In  order  to  bring  the  tint  of  a  tube  containing  5  c.c.  of  the  medium  to  a  tint 
which  will  match  the  standard  7-4  tube,  0-32  c.c.  of  N/20  alkali  are  required. 

Then  the  amount  of  normal  alkali  which  will  be  required  to  be  added  to 
2,000  c.c.  of  broth  will  be  : 

2,000  1  0-32  1 

-  x  —  x  — —  x  -  =  64-0  c.c. 

1  20  1  5 

It  will  be  noted  that  no  allowance  is  made  for  the  dilution  of  the  broth  by 
the  64  0  c.c.  of  alkali  added.  If  the  amount  is  not  large,  this  error  may  be 
neglected  for  practical  purposes. 

Increase  in  hydrogen-ion  content  on  sterilization.  All  bacteriologists  have 
noted  that  media  become  more  acid  on  sterilization.  The  difficulties  in  ensuring 
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that  a  medium  shall  have  a  definite  hydrogen-ion  concentration  after  sterilization 
are  great.  This  difficulty  is  increased  when,  as  is  often  the  ease,  the  medium 
contains  glucose  or  lactose,  and  when  the  medium  is  sterilized  in  tubes. 

If  an  excess  of  alkali  be  added  to  a  medium  containing  glucose  or  lactose  it 
is  rarely  that  the  reaction  of  the  medium  is  above  neutrality  (greater  than 
PH  =  7)  after  sterilization.  More  often  the  hydrogen-ion  concentration  rises 
to  Pjj  =  6. 

The  only  certain  method  of  obtaining  a  glucose  or  lactose  medium  with 
a  Ph  greater  than  7  is  to  add  sterile  sugar  solution  after  sterilization  of  the 
nitrogenous  part  of  the  medium. 

Although  in  this  way  the  technical  difficulties  of  preparing  carbohydrate 
containing  media  of  a  Pjj  greater  than  7  are  increased,  with  careful  asepsis 
in  a  still  room  sterile  sugar  solutions  mav  be  added  to  broth  with  the  contamina- 
tion  of  comparatively  few  tubes. 

Reaction  of  solid  media.  Gelatin  :  The  reaction  of  media  containing 
gelatin  may  be  easily  determined  if  the  medium  is  liquefied  at  30°  C.  As  a  rule, 
gelatin  is  distinctly  acid  in  reaction,  and  its  addition  to  broth  causes  a  rise  in 
the  hydrogen-ion  concentration  of  the  mixture. 

Agar  :  The  addition  of  a  good  quality  agar  to  broth  has  but  little  effect 
on  the  latter.  The  reaction  of  the  medium  may  be  estimated  when  it  is  liquid, 
but  the  temperature  at  which  this  requires  to  be  done  makes  the  determination 
difficult.  It  is  therefore  better  to  use  a  clean  agar,  which  preferably  has  been 
washed,  and  take  the  reaction  of  the  broth  as  that  of  the  complete  medium. 

The  reaction  of  the  finished  medium  may  be  checked  by  adding  the  indicator 
to  the  liquefied  medium,  mixing  it  well  and  allowing  it  to  cool  thoroughly.  The 
colours  may  then  be  compared,  using  the  same  precautions  as  in  the  case  of  broth. 

Nutrient  broth.  This  may  be  made  from  fresh  meat  or  from  meat  extract. 
Sometimes  there  is  considerable  difficulty  in  obtaining  the  former  in  the  tropics, 
but  meat  extracts,  either  Lemco  or  Bovril,  make  efficient  substitutes. 

The  use  of  fresh  meat  as  a  base  has  certain  disadvantages,  viz.  the  medium  so 
prepared  is  acid  and  requires  to  be  neutralized,  and  when  sterilized  there  is  often 
a  heavy  precipitate  of  phosphates  which  may  necessitate  repeated  filtration. 
On  the  other  hand,  it  is  a  more  favourable  medium  for  the  less  robust  types  of 
organisms.  If  fresh  meat  be  employed  the  flesh  of  the  ox  or  horse  may  be  used  ; 
the  latter,  however,  has  the  disadvantage  of  containing  a  greater  proportion  of 
fermentable  sugar.  It  is,  however,  cheaper  and  contains  less  fat. 

Method  of  preparation.  (1)  The  flesh,  be  it  from  horse  or  ox,  should  be 
freed  from  fat  and  then  finely  minced.  (2)  To  1  lb.  (453-59  grm.)  of  minced 
meat  add  1,000  c.c.  (1  litre)  of  distilled  water,  mix  thoroughly  in  a  shallow  dish 
and  place  in  an  ice-chest  or  cool  place  for  24  hours.  (3)  Skim  off  the  fat  with  a 
piece  of  absorbent  cotton  wool  or  with  filter  paper.  (4)  Strain  the  fluid  through 
muslin  into  a  flask,  placing  the  residue  of  minced  meat  into  the  muslin  and 
squeezing  the  juice  remaining  in  the  meat.  (5)  Boil  the  sanguineous  fluid  so 
obtained  for  2  hours  to  coagulate  the  albumin.  (6)  Strain  through  a  clean  cloth. 
(7)  Boil  for  another  half  hour,  filter  through  filter  paper  and  make  up  to  1,000  c.c. 
(1  litre)  with  distilled  water.  The  resulting  fluid  should  be  transparent  and 
without  any  red  tint — any  trace  of  red  colour  present  must  be  got  rid  of  by 
further  boiling  and  filtering.  A  large  amount  of  meat  extract  can  be  so  prepared 
and  quantities  not  required  can  be  placed  in  plugged  flasks,  sterilized  in  the 
autoclave  or  in  the  steam  sterilizer,  and  stored  indefinitely. 

For  immediate  use  take  :  Meat  extract  1,000  c.c.,  sodium  chloride  5  grm., 
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peptone  10  grm.  ;  place  in  a  saucepan  and  boil  till  ingredients  are  dissolved. 
Standardize  (see  pp.  503,  504)  and  make  slightly  alkaline  to  litmus,  as  most 
bacteria  flourish  in  an  alkaline  medium.  Add  sufficient  distilled  water  to  make 
up  the  fluid  to  the  original  1,000  c.c.  (1  litre),  and  filter  through  filter  paper  into 
flasks  which  are  then  plugged  with  cotton  wool  and  sterilized. 

With  reference  to  the  peptone  added  to  the  medium  it  is  necessary  that  such 
peptone  should  be  sugar  free  and  contain  no  indol.  Many  commercial  peptones 
on  the  market  are  quite  unsuitable  and  should  be  tested  before  use. 

As  already  stated  such  meat  extracts  as  Lemco  and  Bovril  are  efficient 
substitutes  for  fresh  meat. 

A  useful  stock  nutrient  broth  containing  Lemco  can  be  prepared  as  follows  : 
Lemco  10  grm.,  sodium  chloride  10  grm.,  peptone  10  grm.,  tap  water  1,000  c.c.  ; 
boil  the  water  in  a  saucepan,  add  sodium  chloride,  peptone,  and  Lemco,  boil 
for  45  minutes  and  pour  into  flasks.  Standardize  the  medium,  then  steam  the 
flasks  for  1  hour  and  stand  in  a  cool  place  till  the  next  day.  Filter  when  cold 
and  place  in  flasks  for  stock  or  fill  and  plug  the  required  number  of  test  tubes. 
The  flasks  and  test  tubes  can  be  sterilized  in  the  autoclave  or  in  the  steamer  for 
20  minutes  on  three  successive  days. 

Broth  prepared  with  ox  blood.  Broth  prepared  with  whole  ox  blood  in  sub¬ 
stitution  for  meat  extract  is  not  only  cheaper  in  cost  but  is  a  better  medium 
for  some  pathogenic  organisms. 

Method  of  preparation.  (1)  Collect  ox  blood  in  a  bucket  and  allow  to  clot. 
(2)  Remove  the  clot  and  break  it  up  in  a  mincing  machine.  (3)  Restore  the 
broken-up  clot  to  the  serum  and  weigh  the  mixture.  (4)  Add  2  volumes  of 
distilled  water  and  slowly  heat  the  diluted  blood  to  boiling  point.  (5)  Boil 
gently  for  5  minutes,  filter  the  fluid  part  through  cheese  cloth  and  the  residue 
is  put  through  a  press  to  obtain  as  much  of  the  remaining  fluid  as  possible. 
(6)  The  fluid  extract  is  again  boiled  and  any  coagulated  protein  is  skimmed  off 
as  it  collects  on  the  surface.  (7)  Add  0-5  c.c.  acetic  acid  to  every  litre  of  fluid 
extract  and  continue  the  boiling  for  another  5  minutes.  (8)  Filter  the  mixture 
through  cotton  wool  and  then  through  paper.  (9)  Add  1  per  cent  peptone  and 
0-5  per  cent  sodium  chloride,  the  mixture  being  heated  gently  till  solution  is 
complete.  (10)  Titrate  and  neutralize  with  caustic  soda  and  sterilize.  The  value 
of  the  broth  as  a  culture  medium  is  enhanced  by  adding  0-25  per  cent  glucose. 

Glucose  broth  is  especially  useful  as  a  culture  medium  for  anaerobic  organisms, 
the  glucose  acting  as  a  reducing  agent  and  so  preventing  the  presence  of  free 
oxygen  in  such  a  medium.  It  is  prepared  by  adding  1-2  per  cent  glucose  to 
the  stock  nutrient  broth. 

Glycerin  broth  is  especially  useful  for  the  growth  of  the  tubercle  bacillus. 
It  is  prepared  by  adding  6-8  per  cent  glycerin  (sp.  gr.  1-25)  to  filtered  stock 
nutrient  broth. 

Sugar-free  broth.  This  medium  is  useful  for  the  isolation  of  the  organisms 
of  the  typhoid-paratyphoid  group  from  faeces.  It  is  prepared  by  inoculating 
a  flask  of  nutrient  broth  with  B.  coli  and  incubating  at  37°  C.  for  24  hours. 
Then  place  the  contents  of  the  flask  in  a  saucepan  and  bring  to  the  boil  so 
as  to  sterilize  the  culture.  Add  purified  talc  and  filter  till  a  clear  filtrate  is 
obtained. 

Agar  media.  Agar  is  a  carbohydrate  derived  from  the  stems  of  various  sea¬ 
weeds  and  may  be  used  in  the  form  of  the  dried  stems  or  in  the  more  soluble 
powder.  If  used  in  the  form  of  dried  stem  the  latter  should  be  cut  into  very 
small  pieces. 
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Method  of  preparation.  Take  agar  30  grm.,  stock  nutrient  broth  1,000  c.c. ; 
dissolve  the  agar  in  the  broth  by  heating  at  110°  C.  in  the  autoclave  for  15 
minutes.  Standardize  while  hot  to  +  5  Eyre’s  scale.  Cool  to  60  °C.  and  clear 
the  medium  by  adding  the  beaten  white  of  one  egg.  Autoclave  for  20  minutes  at 
115°  C.  Filter  through  Chardin  paper  kept  hot  in  a  metal  funnel  containing  hot 
water.  Tube  as  required  and  complete  sterilization  in  a  steamer  for  20  minutes 
on  three  successive  days. 

If  agar  4  slopes  ’  are  required,  fill  the  test  tubes  about  one-sixth  full  and  allow 
them  to  cool  in  a  slanting  position.  If  required  for  stab  cultures  the  test  tubes 
should  be  filled  to  about  two-thirds  of  their  capacity  and  be  allowed  to  cool  in 
the  vertical  position. 

Glycerin  agar.  This  is  a  useful  medium  for  growing  the  tubercle  bacillus 
and  is  prepared  by  adding  6-8  per  cent  of  glycerin  to  agar  medium  after  the 
latter  has  been  filtered. 

Glucose  agar  is  a  serviceable  medium  for  the  culture  of  anaerobic  organisms 
at  temperatures  above  the  melting  point  of  gelatin,  1-2  per  cent  glucose  being 
added  after  filtration.  When  prepared  with  a  +2  reaction  it  is  also  a  useful 
medium  for  the  cultivation  of  Nocardia  and  other  fungal  organisms.  (See  p.  590. ) 

Gelatin  media.  Owing  to  the  high  temperatures  in  the  tropics  gelatin  cannot 
be  so  commonly  used  as  in  cooler  countries.  When  required  it  is  generally 
employed  in  a  strength  not  less  than  15  per  cent,  which  has  a  melting-point  at 
about  24°  C.  In  its  preparation  too  much  boiling  or  boiling  at  too  high  a 
temperature  should  be  avoided  as  it  causes  a  gelatin  medium  to  lose  its  property 
of  solidification.  Gelatin  being  acid  generally  yields  a  medium  with  a  reaction 
of  about  +4  and  the  necessary  neutralization  is  necessary  to  bring  it  to  +1. 

The  gelatin  (gold  label  gelatin  of  Coignet  et  Cie,  Paris,  is  the  best)  should 
be  cut  into  small  pieces  before  being  added  to  the  other  ingredients.  Take 
meat  extract  1,000  c.c.,  sodium  chloride  5  grm.,  peptone  10  grm.,  gelatin 
200  grm.,  and  melt  thoroughly  in  a  steam  sterilizer,  standardize  and  render 
slightly  alkaline  and  then  filter.  As  the  gelatin  is  liable  to  set  during  filtration, 
the  latter  is  best  carried  out  inside  the  steam  sterilizer  or  by  means  of  a  hot- 
water  funnel.  If  necessary  clear  the  filtrate  by  the  addition  of  the  white  of 
one  egg  for  every  500  c.c.  of  medium  and  replace  in  the  steam  sterilizer  for  half 
an  hour,  then  filter  once  more  as  above  and  store  in  flasks  or  decant  into  test 
tubes  as  required.  Sterilize  for  twenty  minutes  on  three  successive  days  in  the 
steam  sterilizer,  the  tubes  being  cooled  as  quickly  as  possible  in  cold  water  after 
sterilization.  The  tubes  should  then  be  stored  in  the  ice-chest. 

Magnesium  carbonate  5  grm.  to  a  litre  may  be  used  instead  of  egg  albumen 
as  a  means  of  clearing  the  gelatin  medium  and,  after  adding,  heat  the  mixture 
in  the  steamer  for  30  minutes  before  filtering.  The  resulting  medium  is  alkaline 
and  at  the  same  time  somewhat  cloudy.  Titration  with  N/l  H2S04  serves  the 
double  purpose  of  neutralizing  the  medium  and  removing  the  cloudiness  without 
impairing  its  cultural  properties. 

Glucose  gelatin.  This  is  a  useful  medium  for  growing  anaerobic  organisms. 
It  is  prepared  by  adding  1-2  per  cent  glucose  to  gelatin  medium  before  sterilizing. 

Trypsin  broth  and  trypsin  agar  (Douglas).  This  medium  forms  a  useful  base 
for  the  growth  of  delicate  organisms. 

Method  of  preparation.  (1)  Strip  the  fat  and  vessels  from  a  fresh 
bullock’s  heart,  mince  finely  and  add  4  litres  of  water  to  an  average  heart. 
(2)  Stir  the  mixture  thoroughly  and  make  faintly  alkaline  to  litmus.  (3)  Heat 
to  70-80°  C.,  cool  to  45°  C.,  and  add  1  per  cent  trypsin  solution  (40  c.c.  to 
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4  litres)  ;  allow  the  trypsin  to  act  for  2-3  hours  in  the  incubator  at  37°  C. 
Allen  &  Hanbury’s  trypsin  solution  should  be  used.  (4)  Render  the  medium 
slightly  acid  with  acetic  acid  so  as  to  precipitate  unaltered  albumins  and  boil. 
(5)  Strain  through  muslin  and  render  faintly  alkaline  to  litmus  ;  then  add  a 
small  quantity  of  calcium  chloride  (0-5  grm.  to  4  litres)  and  0  -25  per  cent  sodium 
chloride.  (6)  Autoclave  for  an  hour  at  115°  C.  to  precipitate  any  phosphates, 
filter  through  filter  paper,  tube  and  sterilize.  In  making  trypagar  the  agar 
powder  should  be  added  before  the  phosphates  are  precipitated. 

Gordon’s  trypagar.  This  medium  is  especially  suitable  for  the  cultivation 
of  the  meningococcus  (p.  596),  and  gonococcus  (p.  587).  It  consists  essentially 
of  trypagar,  extract  of  pea-flour,  and  rabbit’s  blood  or  serum. 

Method.  (1)  Take  a  fresh  bullock’s  heart,  free  from  fat  and  vessels,  mince 
finely  and  weigh.  (2)  Add  1  litre  of  water  to  every  1  lb.  (Jkilo.)  of  minced 
meat  and  render  faintly  alkaline  to  litmus  by  adding  cautiously  20  per  cent 
caustic  potash.  (3)  Heat  slowly  to  75-80°  C.  for  5  minutes,  cool  to  37°  C.  and 
add  1  per  cent  Liq.  Trypsinse  Co.  (Allen  &  Hanbury)  ;  allow  to  stand  at  37°  C. 
for  2J-3  hours  till  trypsinization  is  complete.  (4)  Take  5  c.c.  of  the  medium 
and  add  1  c.c.  of  a  5  per  cent  solution  of  copper  sulphate,  mix  and  add  5  c.c. 
normal  caustic  potash.  A  pink  colour  indicates  that  trypsinization  is  complete ; 
a  bluish-purple  colour  that  trypsinization  is  incomplete.  (5)  As  soon  as  trypsi¬ 
nization  is  complete  render  the  medium  slightly  acid  with  glacial  acetic  acid 
and  bring  slowly  to  the  boil,  and  boil  for  15  minutes.  (6)  Allow  to  stand  over¬ 
night  in  a  cool  place  and  decant  the  clear  liquid  into  a  flask.  (7)  Make  faintly 
alkaline  to  litmus,  and  if  the  medium  is  not  required  immediately  autoclave  at 
118°  C.  for  1  hour  on  two  successive  days.  Then  prepare  the  extract  of  pea-flour 
by  mixing  50  grm.  of  pea-flour  (Pearce  Duff’s)  with  100  grm.  of  sodium  chloride 
and  1  litre  of  water.  Steam  for  30  minutes,  stirring  occasionally,  allow  to  settle, 
filter,  and  sterilize.  It  should  be  prepared  fresh  for  each  batch  of  agar.  Then 
prepare  the  agar  fibre  for  making  the  trypagar.  A  2  per  cent  solution  of  agar 
fibre  is  required.  Weigh  out  the  required  quantity  and  cut  it  up  into  small 
pieces,  place  in  a  saucepan  and  wash  quickly  in  water.  Drain  thoroughly  and 
add  just  sufficient  water  to  cover  the  agar,  then  add  2-5  c.c.  glacial  acetic  acid 
per  litre  of  water.  Mix  thoroughly  and  allow  to  stand  for  15  minutes.  Pour  off 
the  liquid  and  wash  thoroughly  in  five  changes  of  water  till  all  the  acetic  acid 
is  washed  out  ;  then  drain  carefully.  The  final  preparation  of  the  trypagar  is 
as  follows  : 

Take  a  measured  quantity  of  the  trypsinized  broth  and  add  2  per  cent  of 
agar  fibre  and  0-215  grm.  calcium  chloride  per  litre.  Autoclave  at  118°  C.  for 
45  minutes  to  dissolve  the  agar.  Mix  thoroughly  in  a  saucepan,  titrate  while 
boiling  with  N/10  NaOH,  using  phenol- phthalein  as  an  indicator,  then  add  the 
necessary  amount  of  normal  KOH  to  produce  an  absolutely  neutral  reaction. 
Cool  to  60°  C.,  add  white  of  egg  (2  to  a  litre)  beaten  up  with  the  crushed  shells 
and  then  autoclave  at  118°  C.  for  75  minutes.  Filter,  add  5  per  cent  of  the  sterile 
pea  extract  and  sterilize.  For  use  add  5  c.c.  sterile  rabbit’s  blood  to  200  c.c. 
of  the  medium  kept  at  50°  C.  Mix  thoroughly  and  pour  into  plates  or  store  in 
test  tubes,  adding  0-25  c.c.  blood  to  10  c.c.  of  the  medium  in  each  test  tube. 
As  a  substitute  for  blood,  sterile  rabbit’s  serum  may  be  used  by  spreading  a  drop 
or  two  over  the  medium  (in  plates  or  tubes)  after  it  has  solidified. 

Peptone  solution.  This  is  a  useful  medium  for  the  cultivation  of  the  cholera 
vibrio  and  for  testing  the  formation  of  indol  by  bacteria. 

It  is  prepared  by  dissolving  1-2  per  cent  Witte’s  peptone  and  0*5  per  cent 
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NaCl  in  distilled  water  and  heating.  It  is  then  filtered,  tubed,  and  sterilized. 
Prepared  in  this  way  it  usually  has  a  distinctly  alkaline  reaction. 

It  is  a  useful  medium  for  testing  the  fermentative  action  of  bacteria  on  sugars, 
1  per  cent  of  the  sugar  being  added  as  well  as  an  indicator  such  as  litmus  solution 
or  Andrade’s  fuchsin  (p.  522). 

Method  of  sterilizing  blood  serum  or  ascitic  fluid  (Fildes).  It  is  often  necessary 
to  keep  a  stock  supply  of  sterilized  blood  serum  or  ascitic  fluid  for  the  purpose  of 
making  special  media. 

The  following  method  of  sterilization  will  be  found  useful  and  is  preferable 
to  using  chloroform  or  toluol.  (1)  The  serum  or  ascitic  fluid  is  collected  in  a 
well-stoppered  glass  bottle  without  particular  aseptic  precautions.  In  the 
case  of  ascitic  fluid,  which  varies  in  reaction,  either  acid  or  alkali  is  added  to 
render  it  neutral  to  phenol-phthalein  and  if  necessary  it  is  filtered  through 
filter  paper.  (2)  Methylated  ether  to  3  per  cent  is  added  and  the  stopper  is 
tied  into  the  bottle.  (3)  The  bottle  is  placed  in  a  water  bath  at  45°  C.  for 
1  hour  or  longer  in  order  to  sterilize  the  serum  or  ascitic  fluid.  (4)  When 
required  a  sample  is  removed  aseptically  from  the  bottle  and  placed  in  a  sterile 
test  tube  or  other  vessel,  which  is  then  placed  in  a  water  bath  at  about  55°  C. 
and  well  shaken  in  the  water  bath  ;  the  ether  will  rapidly  boil,  when  ebullition 
has  ceased  the  material  is  ready  for  use.  It  is  necessary  to  agitate  the  tube  in 
the  water  bath,  otherwise  the  ether  will  not  boil ;  and  the  tube  should  not 
be  kept  too  long  in  the  water  bath,  otherwise  overheating  of  the  serum  will 
take  place. 

This  method  ensures  complete  sterilization  without  interfering  with  the 
efficacy  of  the  serum  or  ascitic  fluid. 

The  addition  of  2  per  cent  chloroform  is  an  alternative  but  is  liable  to  produce 
a  precipitate. 

Loffler’s  blood  serum.  Useful  for  the  cultivation  of  B.  diphtherice  (p.  595). 
Take  3  parts  of  blood  serum  (ox  or  sheep)  and  add  1  part  of  nutrient  broth  con¬ 
taining  1  per  cent  glucose.  Mix,  tube,  and  inspissate  in  the  sloped  position  at 
65°  C.  Then  add  sterile  0-8  per  cent  sodium  chloride  to  cover  the  medium 
in  the  upright  position.  Sterilize  the  tubes  in  the  autoclave  at  115°  C.  for  15 
minutes.  For  use  it  is  only  necessary  to  pipette  off  the  saline  solution. 

Alkaline  blood  serum  (Lorrain  Smith).  This  is  a  useful  medium  for  the 
diphtheria  bacillus,  and  it  is  easily  sterilized.  Take  100  c.c.  ox  blood  serum  and 
add  1  c.c.  of  10  per  cent  solution  of  sodium  hydrate,  shake  gently.  Tube  and 
place  the  tubes  in  a  sloping  position  in  the  steam  sterilizer  and  sterilize  for  an 
hour  and  a  half.  Care  is  necessary  that  the  process  of  sterilization  be  not 
carried  out  too  quickly,  otherwise  bubbles  of  gas  will  form  in  the  medium. 

Nasgar  is  useful  for  the  cultivation  of  the  meningococcus  (p.  596). 

Take  ascitic  fluid  or  blood  serum  15  c.c.,  nutrose  1  grm.,  agar  powder  0-5  grm., 
distilled  water  35  c.c.  ;  bring  gradually  to  the  boil,  filter  and  add  1  part  to  2  parts 
of  agar,  mix  at  60°  C.,  standardize  to  +5  Eyre’s  scale  and  autoclave  for  20 
minutes  at  115°  C.  Filter  and  tube  in  slopes  and  sterilize  in  the  steam 
sterilizer. 

Hormone  medium  (Huntoon).  This  medium  is  an  efficient  substitute  for 
serum  medium.  It  is  simple  of  preparation  and  is  very  efficient  for  prolonging 
the  life  of  stock  cultures.  The  principles  underlying  the  method  are  the  extrac¬ 
tion  of  the  hormones  or  growth  factors  by  colloidal  solution  (agar).  By  adding 
1  per  cent  defibrinated  or  laked  blood  to  the  agar  a  useful  culture  medium  for 
meningococci  is  obtained. 
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Take  : 

fresh  chopped  beef  or  heart 
thread  agar  (previously)  . 
salt  .... 
whole  egg 

water  .... 


500  grm. 
16  grm. 
5  grm. 

1 

1,000  c.c. 


and  heat  all  these  in  an  enamel  pot,  constantly  stirring,  till  the  red  colour  changes 
to  brown  at  about  68°  C.  Do  not  exceed  this  temperature  or  clotting  will  occur. 
Titrate  the  mixture  with  normal  sodium  hydrate  till  slightly  alkaline  to  litmus 
and  add  1  c.c.  of  the  soda  solution  per  litre.  The  medium  is  then  placed  in  a 
covered  vessel  in  a  water  bath  at  100°  C.  for  1  hour.  The  clot  which  forms  is 
separated  and  removed  from  the  walls  of  the  vessel  by  means  of  a  rod.  Replace 
the  medium  in  the  water  bath  for  a  further  one  hour  and  a  half,  and  stand  at 
room  temperature  for  about  10  minutes  in  a  slightly  inclined  position.  Separate 
the  fluid  portion  by  pouring  or  pipetting  it  off.  The  fluid  is  then  allowed  to 
stand  for  20  minutes  in  tall  vessels  till  the  fat  has  risen  to  the  surface.  This  is 
removed  and  the  medium  is  tubed  and  sterilized  by  intermittent  heating.  It 
should  not  be  autoclaved.  The  medium  is  usually  sufficiently  clear  for  use, 
but  may  be  filtered  through  glass  or  asbestos  wool.  For  the  preservation  cf 
stock  cultures  a  semi-solid  agar  is  advisable,  using  5  grm.  instead  of  16  grm. 

Hormone  gelatin  broth.  Can  be  similarly  prepared  by  substituting  10  grm. 
gelatin  for  the  agar. 

Vitamine  culture  fluid.  Take  defibrinated  ox  blood,  add  4  volumes  of 
physiological  salt  solution  and  heat  for  15  minutes  in  a  water  bath  at  80°  C., 
stirring  frequently.  Remove  any  solid  matter  by  filtration  or  by  centrifugali- 
zation,  sterilize  by  passing  through  a  Chamberland  bougie  F.  The  resulting 
light  brown  and  slightly  opalescent  fluid  contains  the  necessary  vitamines  and 
should  be  added  in  the  proportion  of  5-10  per  cent  to  the  ordinary  culture  media. 

On  media  thus  prepared  a  luxuriant  growth  of  B.  pfeijferi  and  other  delicate 
organisms  is  obtained. 

Dieudonne’s  blood  alkali  agar.  This  is  a  useful  medium  for  cultivating  the 
cholera  vibrio  at  the  same  time  inhibiting  the  growth  of  many  other  intestinal 
bacteria.  Take  equal  parts  of  defibrinated  ox  blood  and  normal  NaOH  solution, 
sterilize  in  the  steam  sterilizer,  and  take  3  parts  of  this  mixture  and  add  it  to 
7  parts  of  ordinary  peptone  agar,  rendered  neutral  to  litmus,  and  tube. 

The  medium  is  used  for  making  plate  cultures,  and  it  is  advisable  after 
pouring  it  into  the  plates  to  allow  them  to  stand  partially  covered  in  the  incubator 
for  a  few  hours.1 

Dieudonne’s  medium  is  apt  to  deteriorate  on  storage  ;  to  obviate  this  cover 
the  medium  with  a  layer  of  liquid  paraffin. 

Blood  and  serum  smeared  agar.  This  is  a  useful  medium  for  the  pneumo¬ 
coccus,  gonococcus,  and  Pfeiffer’s  bacillus. 

Agar  slopes  are  smeared  with  blood  obtained  aseptically  from  the  finger, 
the  blood  being  smeared  over  the  medium  by  means  of  a  sterile  platinum  loop, 
or  dropped  by  means  of  a  sterile  pipette  into  the  water  of  condensation  of  the 
medium  and  then  smeared  over  the  surface. 

Blood  serum  may  be  similarly  employed  for  smearing  agar. 

Before  use  the  smeared  tubes  should  be  incubated  at  37°  C.  for  48  hours  to 
test  their  sterility. 


1  Dieudonne’s  medium  absorbs  carbon  dioxide  from  the  air  during  the  period  of  ripening. 
After  the  medium  is  poured  into  plates  the  latter  should  he  placed,  uncovered  for  one  hour, 
under  a  hell  jar  containing  a  large  amount  of  C02. 


CULTURE  MEDIA 


513 


Hiss’s  serum  water  medium.  A  useful  medium  for  observing  the  fermenta¬ 
tive  properties  of  B.  coli,  B.  dy sentence,  pneumococci,  etc.,  the  production  of 
acid  by  fermentation  being  shown  by  the  alteration  of  the  colour  and  the 
coagulation  of  the  medium. 

Method  of  preparation.  Take  1  part  of  clear  beef  serum  and  add  3  parts 
of  distilled  water.  Heat  in  the  steam  sterilizer  for  15  minutes,  colour  with 
1  per  cent  litmus  solution  and  add  1  per  cent  of  the  various  sugars  used  in 
fermentation  tests.  Sterilize  in  the  steamer. 

Defibrinated  blood  agar.  Blood  is  obtained  by  aseptic  methods  from  the 
ear  vein  or  carotid  artery  of  a  rabbit.  The  blood  is  received  into  a  sterile  glass 
flask  containing  sterile  glass  beads.  The  flask  is  gently  shaken  for  10  minutes 
till  the  blood  is  defibrinated,  it  is  then  placed  in  water  warmed  to  45°  C.  and  the 
defibrinated  blood  is  pipetted  into  melted  agar  tubes  (kept  at  48°  C.)  in  the 
proportion  of  one-third  blood  to  two-thirds  agar.  The  tubes  are  gently  rotated 
to  allow  of  complete  mixing,  then  sloped  and  allowed  to  set  and  finally  incubated 
at  37°  C.  to  ensure  sterility. 

Novy  Macneal’s  medium.  Is  used  for  the  cultivation  of  trypanosomes. 

Method  of  preparation.  Prepare  broth  by  taking  125  grm.  of  minced 
meat  and  treating  with  1  litre  (1,000  c.c.)  distilled  water.  Add  20  grm.  agar, 
20  grm.  Witte’s  peptone,  5  grm.  sodium  chloride,  and  10  c.c.  normal  sodium 
carbonate.  Tube  and  sterilize  in  the  autoclave  at  110°  C.  for  30  minutes.  Cool 
to  50°  C.  and  to  one  volume  of  the  medium  in  the  tube  add  two  volumes  of 
sterile  defibrinated  rabbit’s  blood.  Mix  thoroughly  and  allow  to  set  in  a  sloped 
position.  In  this  medium  it  is  an  advantage  to  have  a  good  supply  of  condensa¬ 
tion  fluid.  This  can  be  obtained  by  allowing  the  heated  tubes  to  set  on  ice. 
When  set  the  cotton  plugs  should  be  covered  externally  with  a  layer  of  plasticine 
or  melted  paraffin  to  prevent  evaporation.  The  tubes  should  be  tested  for 
sterility  in  the  incubator  for  24  hours  and  then  stored  in  an  ice-chest. 

Nicolle’s  modification  of  Novy  Macneal’s  medium  (N.N.N.  medium).  This 
is  the  so-called  N.N.N.  medium  which  has  proved  so  useful  for  the  cultivation 
of  all  varieties  of  Leishmania  parasites. 

Meat  extract  and  peptone  are  not  required  in  its  preparation. 

Method  of  preparation.  Take  agar  14  grm.,  sea  salt  6  grm.,  water  900  c.c. 
Mix,  heat,  tube,  and  then  sterilize.  Neutralization  is  not  necessary.  For  use  the 
tubed  medium  is  liquefied  and  cooled  to  48°  C. ;  to  each  tube  is  added  one-third 
of  its  volume  of  sterile  defibrinated  rabbit’s  blood.  The  tube  is  then  rotated  to 
ensure  mixing,  sloped,  and  allowed  to  set,  and  the  external  aspect  of  the  cotton 
plugs  is  covered  with  plasticine  or  melted  paraffin  to  prevent  the  evaporation 
of  the  condensation  fluid.  The  tubes  are  tested  for  sterility  in  the  incubator 
and  are  finally  stored  in  the  ice-chest. 

In  culturing  Leishmania  material  it  is  advisable  to  inoculate  the  condensation 
fluid  of  the  medium. 

Row’s  hsemoglobinized  saline  medium.  Is  also  useful  for  the  cultivation  of 
Leishmania  parasites. 

Method  of  preparation.  Take  by  aseptic  methods  10  c.c.  blood  (rabbit  or 

1  Goldberger’s  alkaline  egg  broth.  A  useful  medium  for  the  cultivation  of  cholera  vibrios 
when  the  latter  are  few  in  number.  Mix  thoroughly  the  yolk  and  white  of  one  egg  with  an 
equal  volume  of  water  and  add  to  the  mixture  an  equal  volume  of  5  per  cent  anhydrous 
sodium  carbonate.  Mix  thoroughly  in  a  beaker  and  place  in  a  steam  sterilizer  for  45  minutes. 
Add  one  volume  of  this  alkaline  egg  mixture  to  nine  volumes  of  ordinary  neutral  peptone  wrater. 
Distribute  in  tubes  or  flasks  and  sterilize  by  steaming. 
tropics  i  L  1 
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human),  defibrinate,  and  add  10  c.c.  sterile  distilled  water  to  lake  the  cells.  To 
each  volume  of  laked  blood  add  2  volumes  of  sterile  salt  (1-2  per  cent)  solution. 

Vedder’s  starch  medium.  This  is  useful  for  cultivating  the  gonococcus  and 
the  meningococcus. 

Take  500  grm.  of  beef  and  macerate  in  1,500  c.c.  of  water  and  allow  to  stand 
in  the  ice-chest  for  12  hours.  Filter  through  gauze.  Bring  the  fluid  slowly  to  the 
boil  and  add  1-5  per  cent  agar.  Boil  for  30  minutes,  titrate,  and  make  faintly 
alkaline  to  litmus.  Cool  to  60°  C.  and  add  two  eggs  to  clarify.  Bring  quickly 
to  the  boil  and  allow  to  simmer  till  a  coagulum  is  formed.  Filter  through  gauze 
and  cotton,  and  add  1  per  cent  starch.  Shake  thoroughly  to  distribute  the 
starch.  Place  in  the  steam  sterilizer  for  45  minutes.  Shake  thoroughly,  tube 
and  sterilize  in  the  steam  sterilizer.  If  this  medium  be  used  for  isolating  the 
meningococcus  from  carriers  add  1  per  cent  glucose  and  colour  with  litmus. 
The  meningococcus  produces  acid  in  glucose. 

Litmus  milk.  Is  chiefly  used  to  test  the  effects  of  bacterial  growth  in 
fermenting  the  lactose  and  coagulating  the  albumin. 

The  milk  should  be  as  fresh  as  possible  and  should  be  centrifugalized  to 
separate  the  cream,  it  is  then  placed  in  the  steam  sterilizer  for  15  minutes  and 
set  aside  in  the  ice-chest  for  12  hours.  The  milk  beneath  the  cream  is  then 
siphoned  off,  tubed,  and  sufficient  litmus  added  to  give  a  lilac  tinge  ;  it  is  finally 
sterilized  in  the  steam  sterilizer  for  20  minutes  on  three  successive  days. 

C.R.  milk.  Bronfenbrenner  and  Morishima  have  found  that  an  indicator 
c  C.R.’,  consisting  of  equal  parts  of  a  1  per  cent  watery  solution  of  china  blue, 
and  0-5  per  cent  solution  of  rosolic  acid  in  95  per  cent  alcohol,  is  a  more  stable 
and  delicate  indicator  than  litmus. 

To  prepare  C.R.  milk,  steam  fresh  milk  for  15  minutes  and  place  on  ice 
for  8-12  hours  ;  the  cream  is  then  separated  and  the  milk  diluted — 1  part  with 
3  of  water — to  facilitate  heat  penetration  during  sterilization.  The  ‘  C.R.’ 
indicator  is  added  in  the  proportion  of  2  5  c.c.  for  100  c.c.  diluted  milk,  and  the 
medium  is  boiled  for  5  minutes. 

If  the  medium  appears  to  be  too  acid  the  reaction  is  adjusted  till  a  pale  grey 
colour  is  obtained.  The  medium  is  then  tubed  and  autoclaved  at  15  pounds 
pressure  for  10  minutes. 

Potato  media.  Potatoes  should  be  well  scrubbed  and  then  peeled.  Cut  out 
cylinders  from  the  interior  by  means  of  a  large  cork  borer  ;  divide  each  cylinder 
by  an  oblique  cut,  two  wedge-shaped  pieces  of  potato  being  thus  obtained. 
These  should  be  washed  in  several  changes  of  water.  It  is  advisable  to  test  the 
reaction  of  the  potatoes  before  tubing  and  sterilizing  them  if  necessary,  the 
required  degree  of  acidity  or  alkalinity  being  obtained  by  adding  acid  or  alkali 
to  a  known  quantity  of  distilled  water  containing  a  given  weight  of  potato. 
After  steeping  in  this  the  water  is  poured  off  and  the  potato  tubed  either  in 
special  1-inch  test  tubes  or  in  ordinary  test  tubes  containing  at  the  bottom 
absorbent  wool  moistened  in  water,  the  broad  end  of  the  potato  slice  being 
placed  downwards.  The  potato  medium  is  sterilized  at  115°  C.  for  15  minutes 
or  in  the  steam  sterilizer  for  1  hour.  The  tubes  are  then  placed  in  the  incubator 
and  tested  for  sterility. 

Glycerin  potato.  Is  a  suitable  medium  for  cultivating  the  tubercle  bacillus. 
The  potato  slices  are  soaked  for  1  hour  in  6  per  cent  glycerin  solution.  The 
cotton  plug  at  the  bottom  of  the  tube  is  also  moistened  with  the  same  solution, 
the  glycerinized  potato  is  added  and  the  medium  sterilized  at  115°  C.  for 
15  minutes. 
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Dorset’s  egg  medium.  Beat  up  four  fresh  eggs  and  add  25  c.c.  of  water,,  mix 
thoroughly  and  strain  through  muslin.  Tube  and  heat  at  70°  C.  for  4  hours  in 
the  sloped  position.  Cover  the  medium  with  sterile  normal  salt  solution  and 
sterilize  in  the  autoclave.  Before  inoculating  pipette  off  the  salt  solution. 
This  medium  is  useful  for  growing  the  tubercle  bacillus. 

Human  plasma  glucose  agar  (Thomson).  This  medium  is  a  very  suitable 
one  for  the  gonococcus,  producing  an  abundant  growth,  and  is  therefore  useful 
for  the  preparation  of  vaccines. 

According  to  Thomson  one  of  the  most  important  points  in  its  preparation 
is  the  avoidance  of  prolonged  heating  in  any  of  the  stages  where  heating  is 
necessary.  The  directions  for  the  preparation  of  this  medium  are  contained  in 
the  Report  of  the  Medical  Research  Committee  and  are  as  follows  : 

A.  Preparation  of  double  strength  meat  extract.  (1)  Take  a  bullock's 
heart  and  remove  all  the  fat,  cut  the  heart  into  small  pieces  and  mince  them. 
Weigh  the  mince  and  place  in  a  saucepan  and  add  as  many  c.c.  distilled  water 
as  there  are  grammes  of  heart.  (2)  Heat  the  mixture  gently,  stirring  with  a 
glass  rod,  till  a  temperature  of  40°  C.  is  reached.  Keep  at  this  temperature  for  20 
minutes.  (3)  Raise  to  boiling-point  and  keep  boiling  for  10  minutes.  (4)  Strain 
through  a  perforated  enamelled  iron  strainer  and  four  thicknesses  of  butter  muslin. 

B.  Preparation  of  disodium  hydrogen  phosphate  solution.  Dissolve 
10  grm.  disodium  hydrogen  phosphate  (Na2HP04)  in  1  litre  of  sterile  distilled 
water. 

C.  Preparation  of  nutrient  disodium  hydrogen  phosphate  bouillon. 
(1)  Measure  the  double  strength  meat  extract  into  a  sterile  flask  and  add  to  it 
an  equal  volume  of  the  disodium  hydrogen  phosphate  solution.  (2)  Weigh  out 
as  much  good  commercial  peptone  as  will  make  a  1  per  cent  solution  when 
mixed  with  the  whole  of  the  extract  prepared  as  under  (1).  Take  about  a  quarter 
of  this  extract,  heat  it  to  60°  C.,  and  mix  it  in  the  mortar  with  the  peptone  so  as 
to  make  a  smooth  paste.  (3)  Add  this  emulsion  to  the  extract  in  the  flask  and 
steam  in  the  steamer  for  45  minutes  in  order  to  complete  the  solution  and 
stabilize  its  acidity. 

D.  Preparation  of  nutrient  agar  from  the  above.  (1)  Weigh  out 
sufficient  agar-agar  to  make,  with  the  amount  of  nutrient  bouillon  prepared 
as  above,  a  3  per  cent  jelly.  Mix  this  into  a  smooth  paste  with  about  one-third 
of  the  product  of  C  (3),  which  must  be  cold.  Add  the  mixture  to  the  remainder 
of  the  nutrient  bouillon  in  the  flask  and  steam  in  the  steam  sterilizer  till  the  agar 
is  dissolved.  This  should  occupy  not  more  than  60  minutes  in  the  case  of  powdered, 
and  90  minutes  in  the  case  of  shredded,  agar.  (2)  Allow  the  agar  to  cool  to 
60°  C.,  whip  the  white  of  an  egg  for  every  300  c.c.  of  the  agar  solution  and  add 
the  broth  to  the  latter.  Replace  in  the  steamer  and  steam  for  30  minutes. 
(3)  Filter  in  the  steamer  through  a  layer  of  cotton  wool  laid  in  a  funnel,  or 
outside  the  steamer  through  paper  pulp  laid  in  a  Buchner  funnel  fitted  into  a 
vacuum  flask.  Filtration  should  be  as  rapid  as  possible  as  the  medium  deterior¬ 
ates  if  it  is  kept  long  in  the  steamer.  (4)  Titrate  carefully,  using  phenol-phthalein 
as  the  indicator  and  make  the  final  product  +6  (Eyre’s  scale).  (5)  Add  to  the 
agar  solution  sufficient  glucose  powder  to  make  it  a  2-5  per  cent  solution  of 
glucose.  (6)  Replace  in  the  steamer  and  steam  for  20  minutes.  It  is  better  to 
attempt  sterilization  with  one  steaming  than  to  attempt  to  steam  on  two  or 
three  successive  days,  and  with  care  over  the  aseptic  technique  of  the  proceeding 
steps  this  is  usually  successful.  (7)  Tube  the  agar  in  sterile  test  tubes,  placing 
about  4  c.c.  in  each.  Store  the  tubes  of  agar  in  the  ice-chest. 

l  1  2 
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E.  Addition  of  human  plasma.  Provide  the  following  : 

(a)  Apparatus  for  the  drawing  off  of  blood  from  a  vein  into  sterile  test  tubes. 

(b)  Sterile  10  c.c.  centrifuge  tubes  each  containing  2  c.c.  of  a  sterile  2  per  cent 

solution  of  sodium  citrate  and  plugged  with  cotton  wool. 

(c)  Corks  or  rubber  bungs  in  alcohol  to  fit  the  centrifuge  tubes. 

(d)  Sterile  10  c.c.  pipettes. 

From  any  volunteer  draw  off  about  20  c.c.  of  blood  into  a  sterile  test  tube  and 
fill  up  the  centrifuge  tubes  at  once  with  the  freshly  drawn  blood.  Cork  the  latter 
with  one  of  the  corks  provided,  having  previously  flamed  off  the  alcohol,  and 
spin  in  the  centrifugal  machine  until  the  cells  are  deposited.  Melt  the  required 
number  of  agar  tubes  prepared  as  described  above,  and  reduce  their  temperature 
to  60°  C.  Pipette  off  the  supernatant  plasma  in  the  centrifuge  tubes  and  add 
0-5-10  c.c.  of  it  to  each  of  the  agar  tubes.  Mix  the  agar  and  plasma  by  rolling 
the  tube  between  the  hands  and  slope  in  the  usual  manner.  As  a  rule  the  yield 
from  each  centrifuge  tube  is  about  6  c.c.  or  about  enough  for  10  tubes.  Incubate 
for  24  hours  to  ensure  sterility  of  the  medium. 

Wertheim’s  medium.  Is  suitable  for  cultivating  the  gonococcus.  Mix  equal 
parts  of  sterile  human  serum  and  2  per  cent  nutrient  agar  +  6  (Eyre’s  scale), 
melted  and  cooled  to  45°  C.,  and  make  slopes. 

Sabouraud’s  maltose  medium.  Is  a  favourite  medium  for  the  cultivation 
of  fungi,  and  when  prepared  may  be  placed  in  Erlenmeyer  flasks  or  in  test  tubes. 
As  moulds  grow  well  on  media  with  an  acid  reaction  this  medium  should  be 
made  with  a  reaction  of  +2.  The  medium  has  the  following  composition. 
Maltose  40  grm.,  peptone  10  grm.,  agar  18  grm.,  tap-water  1,000  c.c.  Muir  and 
Ritchie  recommend  that  the  maltose  and  the  agar  should  be  dissolved  in  one 
flask  and  the  peptone  in  another,  the  contents  of  each  are  filtered  through 
papier  Chardin  and  tubed  or  placed  in  Erlenmeyer  flasks  and  sterilized  by 
gradually  raising  the  temperature  in  the  autoclave  to  120°  C.  or  sterilizing  in 
the  steam  sterilizer. 

The  tubes  should  be  covered  with  plasticine  to  prevent  drying. 

Sabouraud’s  glucose  medium.  Is  prepared  in  the  same  manner  as  the  maltose 
medium,  4  per  cent  glucose  being  substituted  for  the  maltose. 

Buchanan’s  glucose  neutral  red  agar.  This  is  a  most  useful  medium  for 
isolating  the  meningococcus  from  carriers. 

It  consists  of  Loffler’s  blood  serum  containing  1  per  cent  glucose  to  which 
is  added  neutral  red  in  the  proportion  of  0-5  in  10,000  as  an  indicator.  Streak 
cultures  from  swabs  may  be  made  on  this  medium,  tubed  or  in  Petri  plates. 

This  is  also  a  useful  medium  for  differentiating  B.  diphtherias  from  Hoffman’s 
bacillus,  the  former  causing  an  acid  reaction  while  the  latter  produces  no  change. 

Serum  agar  telluric  acid  medium  (Smith).  A  useful  medium  for  B.  diphtherice. 

Add  0-9  c.c.  of  a  1  per  cent  telluric  acid  solution  in  distilled  water  to  100  c.c. 
melted  peptone  water  agar  (neutral  to  litmus).  The  melted  agar  is  cooled  to 
50°  C.,  and  5  c.c.  sheep’s  serum  sterilized  at  57°  C.  is  added  and  slopes  or  plates 
are  made. 

Media  for  differentiating  organisms  of  the  enterica-dysenteriae  group. 

(1)  Endo’s  medium.  Prepare,  as  for  nutrient  agar,  a  3  per  cent  agar: 
Liebig’s  extract  5  grm.,  peptone  10  grm.,  salt  5  grm.,  agar  30  grm.,  water  to 
1,000  c.c.  neutralize  or  make  the  reaction  +0-2. 

Store  in  20  c.c.  quantities  and  before  use  add  to  the  agar  (melted)  one  drop 
of  a  saturated  alcoholic  solution  of  basic  fuchsin,  14  drops  of  a  freshly  prepared 
10  per  cent  solution  of  sodium  sulphite,  and  1  c.c.  of  a  hot  20  per  cent  aqueous 
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solution  of  pure  lactose.  Plates  are  then  poured.  The  medium  in  the  plates 
should  have  a  delicate  salmon  pink  colour  and  should  be  kept  as  much  as  possible 
in  the  dark.  Organisms  of  the  typhoid  group  are  somewhat  greyish  when  grown 
in  this  medium  while  coli  colonies  appear  red. 

(2)  McConkey’s  bile  salt  neutral  red  broth.  Sodium  taurocholate  0-5  grm. 
Witte’s  peptone  2  grm.,  calcium  chloride  3  grm.,  distilled  water  100  c.c.  Steam 
for  2  hours,  filter  when  hot,  allow  to  stand  till  sedimentation  has  occurred  and 
filter  again.  Add  to  the  filtrate  0-25  per  cent  of  a  freshly  prepared  1  per  cent 
neutral  red  and  the  sugar  required,  1  per  cent  in  the  case  of  lactose,  and  0-5  per 
cent  if  glucose  is  used.  The  medium  is  then  put  in  test  tubes  containing  fermen¬ 
tation  tubes  and  sterilized  in  the  steamer  for  15  minutes  on  two  successive  days. 
In  the  presence  of  acid  the  medium  turns  a  rose  red  colour. 

(3)  McConkey’s  bile  salt  neutral  red  agar.  A  most  serviceable  medium  for 
plate  cultures  of  faeces,  consisting  of  agar  30  grm.,  lactose  10  grm.,  sodium  tauro¬ 
cholate  5  grm.,  aqueous  neutral  red  solution  (2  per  cent)  20  c.c.,  and  nutrient 
broth  to  1  litre. 

On  this  medium  organisms  of  the  typhoid  group  appear  as  delicate  colourless 
colonies,  while  those  of  the  B.  dysenterice  group  appear  as  minute  dew  drop 
colonies,  and  B.  coli  and  allied  organisms  appear  as  red  coloured  colonies  after 
24  hours  incubation  at  37°  C. 

(4)  Picric  acid  and  brilliant  green  medium  (Fawcus).  This  is  a  useful  medium 
for  organisms  of  the  typhoid  group.  At  the  end  of  24  hours  incubation  colonies  of 
B.  typhosus  are  1  mm.  in  diameter  and  transparent,  later  they  may  acquire  a  pale 
green  centre,  those  of  B.  coli  are  more  opaque  and  with  a  deep  green  centre. 

Method  of  preparation.  Steam  for  3  hours  a  mixture  composed  of  sodium 
taurocholate  5  grm.,  powdered  agar  30  grm.,  Witte’s  peptone  30  grm.,  sodium 
chloride  5  grm.,  tap- water  900  c.c.  Clear  with  white  of  egg,  filter  through  cotton 
wool,  and  bring  to  a  reaction  of  +15,  with  normal  caustic  soda  and  sterilize. 
Dissolve  10  grm.  lactose  in  100  c.c.  distilled  water  and  add  to  the  melted  agar. 
Mix  thoroughly  and  filter  through  Chardin  paper,  sterilize  for  20  minutes  on 
three  successive  days  and  store  in  flasks  of  100  c.c.  capacity. 

For  use  melt  the  agar  and  add  to  each  100  c.c.  flask,  2  c.c.  of  a  watery 
solution  of  brilliant  green,  and  2  c.c.  of  a  1  per  cent  watery  solution  of  picric  acid. 
Pour  into  Petri  dishes,  place  them  in  the  incubator  at  37°  C.,  and  allow  them 
to  stand  inverted  till  the  surface  hardens. 

(5)  Teague  and  Clurman’s  medium  is  a  useful  medium  for  the  isolation 
of  B.  typhosus  from  the  stools. 

It  consists  of  5  per  cent  nutrient  gelatin  made  with  meat  infusion  (not 
extract)  to  which  0-5  per  cent  dextrose,  0  083  per  cent  brilliant  green,  and 
8  per  cent  of  a  2  per  cent  solution  of  Congo  red  are  added. 

Prior  to  inoculating  this  medium  with  fa?ces  1  c.c.  of  a  saturated  watery 
solution  of  bromoform  is  added  to  each  10  c.c.  of  the  medium  to  check  the 
growth  of  organisms  resistant  to  brilliant  green.  After  24  hours’  incubation 
dilutions  in  normal  saline  solution,  ranging  from  one  in  ten  to  one  in  a  million 
parts,  are  made  from  the  culture,  and  a  loop  of  each  dilution  is  placed  out  on 
Endo’s  medium. 

An  alkali  starch  medium  for  the  isolation  of  the  cholera  vibrio  (Graeme 
Gibson).  A  useful  medium,  based  on  the  fact  that  the  cholera  vibrio  only  of  all 
the  intestinal  organisms  acidifies  starch.  It  is  a  rapid  method,  allowing  of  a 
tentative  diagnosis  being  made  in  18  hours,  the  allied  vibrios  taking  a  longer 
time  to  bring  about  acid  production  than  the  true  cholera  vibrio.  Suspected 
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faeces  should  be  emulsified  in  broth  and  then  plated  ;  in  the  case  of  water 
examination,  after  enrichment  in  peptone  water,  a  few  drops  of  the  peptone 
water  is  plated  on  the  medium. 

Method  of  preparation.  (1)  Take  30  grm.  powdered  agar  and  emulsify 
with  250  c.c.  cold  water.  (2)  Take  10  grm.  peptone  (Chapoteau)  and  1-5 
grm.  sodium  bicarbonate,  mix  and  emulsify  in  another  250  c.c.  of  cold  water. 
(3)  The  two  emulsions  are  mixed  in  a  2-litre  flask  and  500  c.c.  of  water  added,  and 
they  are  then  steamed.  (4)  Clarify  with  white  of  egg  and  filter  in  the  steamer. 
(5)  Emulsify  10  grm.  of  potato  starch  with  some  of  the  filtered  agar.  (6)  Add 
the  emulsion  to  the  remainder  of  the  medium.  (7)  Sterilize  by  the  fractional 
method.  (8)  Add  enough  sterile  watery  solution  of  litmus  to  blue  the  medium. 
The  final  reaction  of  the  medium  will  be  found  to  be  —  2  to  phenol-phthalein. 

After  18  hours’  incubation  on  this  medium  the  cholera  vibrio  colonies  will 
have  a  faint  pink  colour,  while  other  intestinal  organisms  are  blue  or  whitish 
in  colour.  In  24-36  hours  the  cholera  colonies  have  a  delicate  pink  colour 
surrounded  by  a  faint  pink  halo.  Diphtheroid  organisms  and  non-pathogenie 
water  vibrios  acidify  starch.  They  can  be  differentiated  readily  by  Gram’s 
stain  and  by  serological  tests. 

Preparation  of  an  aerobic  culture.  Remove  the  cotton  plug  of  the  culture  tube 
containing  the  sterile  culture  medium  and  grasp  the  plug  between  the  third 
and  fourth  fingers.  Heat  the  mouth  of  the  culture  tube  over  a  spirit  lamp. 
Pass  a  platinum  wire  or  loop  in  the  flame  till  it  is  red  hot,  withdraw  and  allow 
to  cool  for  two  seconds.  Pick  up  with  the  wire  the  material  to  be  inoculated 
and  pass  it  into  the  surface  of  the  culture  medium  if  the  latter  be  fluid,  or  over 
the  surface  of  the  medium  if  it  be  a  solid  slope  culture.  Withdraw  the  platinum 
wire  and  flame  it.  Flame  the  mouth  of  the  culture  tube.  Flame  the  cotton 
plug  before  inserting  it  into  the  culture  tube.  Label  the  culture. 

When  only  a  small  quantity  of  inoculum  is  available,  a  series  of  tubes 
of  fluid  media  may  be  inoculated  in  the  following  manner.  The  inoculum  is 
taken  up  on  the  platinum  loop  as  above.  The  first  tube  of  medium  is  held  at 
an  angle,  so  as  to  expose  a  portion  of  the  tube  which  would  be  covered 
by  the  medium  when  the  tube  is  in  a  vertical  position.  The  loop  carrying 
the  inoculum  is  then  passed  into  the  tube  and  made  to  touch  the  exposed 
surface  of  glass.  When  the  tube  is  restored  to  the  vertical  position  the  portion 
of  the  inoculum  remaining  on  the  glass  is  immersed.  Without  charging  the 
platinum  loop  the  remaining  members  of  the  series  of  culture  tubes  are 
inoculated  in  similar  fashion. 

This  method  is  very  suitable  when  it  is  desired  to  inoculate  a  series  of  sugar 
tubes  from  a  single  small  colony  on  a  McConkey  or  similar  plate. 

To  make  a  stab  culture  the  platinum  wire  is  heated  to  a  red  heat  and 
then  allowed  to  cool.  The  material  to  be  cultivated  is  now  touched  with  the 
end  of  the  wire  which  is  thrust  deeply  into  the  substance  of  the  culture  medium 
keeping  it  as  far  as  possible  in  the  axis  of  the  medium.  Then  withdraw  the  wire 
and  flame  it. 

Preparation  of  an  anaerobic  culture.  Take  the  culture  to  be  tested,  cut  off 
with  scissors  the  cotton- wool  projecting  beyond  the  mouth  of  the  tube,  and 
push  the  cotton  plug  into  the  tube  for  a  distance  of  2-3  cm.  Place  a  layer  of 
pyrogallic  acid  on  the  top  of  the  cotton  plug,  and  then  add  1  c.c.  decinormal 
caustic  soda  solution.  Quickly  close  the  mouth  of  the  tube  with  a  tightly 
fitting  india-rubber  stopper  and  seal  the  edge  of  the  stopper  with  melted  paraffin. 

Simple  method  for  preparing  anaerobic  cultures  (Beattie).  Melted  sterile 
vaselin  is  poured  into  peptone  broth  tubes  till  it  forms  a  plug  J-f  inch  long. 
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Boil  the  broth  and  the  vaselin  for  20-30  minutes,  so  as  to  expel  any  absorbed 
air,  and  allow  to  cool.  The  vaselin  solidifies  very  rapidly  and  forms  an  effective 
plug  ;  the  tubes  can  be  kept  for  any  length  of  time  and  are  quite  air-tight.  For 
use  place  in  a  water  bath  55°  C.,  so  as  to  melt  the  vaselin  and  introduce  the 
infective  material  into  the  broth  by  means  of  a  sterile  pipette.  After  inoculation 
heat  the  vaselin  over  the  Bunsen  flame  before  putting  the  tube  in  the  incubator  ; 
this  is  necessary,  as  the  surface  vaselin  may  have  become  infected  during  the 
process  of  inoculation.  To  examine  the  culture,  puncture  the  vaselin  with 
a  thin  drawn-out  sterile  pipette,  sealed  at  the  lower  end  and  having  a  constriction 
about  half  an  inch  from  the  lower  end.  By  pushing  the  pipette  against  the 
bottom  of  the  tube  it  readily  breaks  at  the  constriction,  and  any  quantity  of 
the  culture  to  be  examined  can  be  drawn  up.  After  the  pipette  is  withdrawn 
the  vaselin  is  melted  and  allowed  to  cool. 

Cultivation  of  Spironemata  (Noguchi).  This  method  is  useful  for  all  blood 
spiroclmetes  ( S .  duttoni,  S.  obermeieri,  etc.).  Place  portions  of  sterile  rabbit  kidney 
in  sterile  test  tubes  and  add  a  few  drops  of  citrated  blood  from  the  heart  of  the 
infected  mouse  or  rat.  Cover  with  15  c.c.  of  sterile  ascitic  fluid  ;  to  some  of  the 
tubes  add  liquid  paraffin,  to  the  others  no  paraffin  is  added.  Incubate  the  tubes 
at  37°  C.  Under  cover  of  paraffin  the  organisms  grow  more  slowly  and  remain 
active  for  a  few  days  longer. 

Cultivation  of  Spironema  pallidum  (Noguchi).  Strict  anaerobiasis  is  essential. 
The  culture  medium  consists  of  2  parts  of  a  2  per  cent  slightly  alkaline  agar 
which  is  melted  and  cooled  to  50°  C. ;  to  this  1  part  of  ascitic  or  hydrocele  fluid 
is  added.  At  the  bottom  of  the  medium  is  placed  a  small  portion  of  sterile 
rabbit’s  kidney  or  other  organ,  the  medium  being  tubed  in  deep  test  tubes. 
After  the  medium  solidifies  a  layer  of  sterile  paraffin  oil  to  a  depth  of  3  cm.  is 
run  over  the  surface.  The  medium  is  inoculated  through  the  oil  by  means  of 
a  sterile  capillary  pipette,  and  the  cultures  are  incubated  at  37°  C. 

Cultivation  of  Leptospira  icterohaemorrhagiae. 

(1)  Noguchi’s  method.  Noguchi  recommends  for  routine  use  two  media 
for  cultivating  this  spironema.  (a)  Rabbit  serum  1  part,  Ringer’s  solution  or 
0-9  per  cent  sodium  chloride  solution  3  parts  and  citrated  rabbit  plasma  0-5  part, 
covered  with  a  thin  layer  of  sterile  liquid  paraffin ;  or  (b)  the  same  medium 
with  the  addition  of  0-5  to  1  part  of  neutral  or  slightly  alkaline  agar  (2  per  cent), 
which  should  be  liquefied  and  added  when  hot  (60-65°  C.)  in  order  to  get  a 
uniform  mixture  of  the  agar.  This  is  also  covered  with  a  layer  of  sterile  liquid 
paraffin.  Inoculation  is  made  through  the  paraffin.  The  optimum  temperature 
for  growth  is  22-25°  C.,  but  this  may  occur  at  temperatures  from  15°  C.  to  37°  C. 

(2)  Griffith’s  method.  Diluted  bovine  serum  (serum  1  part,  physiological 
salt  solution  2  parts)  is  heated  at  70°  C.  till  it  has  become  viscous,  to  this  is 
added  citrated  heart’s  blood  from  an  infected  guinea-pig  and  the  medium  is 
covered  with  a  thin  layer  of  sterile  paraffin  oil  and  incubated  at  25°  C.  Sub¬ 
cultures  are  made  by  transferring  with  a  sterile  pipette  a  few  drops  from  the 
top  of  the  medium  to  fresh  media  consisting  of  heated  diluted  bovine  serum 
and  a  small  quantity  of  citrated  blood  from  a  normal  guinea-pig,  incubating 
at  25°  C.  and  32°  C.  Growth  is  more  rapid  at  the  higher  temperature,  spirone- 
jnata  being  found  after  48  hours  swarming  in  the  top  centimetre  of  the 
medium.  Citrated  horse,  ox  or  rabbit  blood,  mixed  with  one  or  two  parts  of 
physiological  saline  solution  and  heated  till  semigelatinous,  has  also  proved 
satisfactory. 

Cultivation  of  the  malaria  parasite  (Bass  and  John's  method).  Take  10-20  c.c. 
venous  blood  from  a  malarial  patient  and  place  in  a  defibrinating  tube  containing 
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0T  c.c.  of  a  50  per  cent  solution  of  glucose.  Stir  gently  with  a  glass  rod  to 
defibrinate  the  blood  and  transfer  the  mixture  to  culture  tubes.  After  settling 
there  should  be  a  layer  of  serum  J— 1  inch  in  depth  above  the  cells.  Incubate 
at  40-41°  C.  The  parasites  develop  within  the  red  cells  in  the  upper  layer. 
To  develop  the  second  generation  of  parasites  the  leucocytes  are  removed  by 
centrifuging  and  pipetting,  and  the  red  cells  are  then  pipetted  to  the  bottom 
of  culture  tubes  containing  at  least  J  inch  human  serum.  The  transference  of 
the  red  cells  should  be  after  approximately  48  hours. 

Thomson’s  modification  of  the  method  of  Bass.  Draw  off  10  c.c.  venous  blood 
from  a  malarial  patient  and  place  in  a  test  tube  containing  0  1  c.c.  of  a  50  per  cent 
glucose  solution.  The  blood  is  defibrinated  by  stirring  for  five  minutes  with  a 
thick  wire  and  then  removing  the  wire  with  the  adherent  clot.  The  defibrinated 
blood  is  transferred  to  small  sterile  test  tubes,  the  cotton  plugs  covered  with 
rubber  caps  and  the  tubes  incubated  at  38°  C. 

Cultivation  of  tubercle  bacilli  from  the  sputum  and  faeces  (Petroff).  Take 
equal  parts  of  sputum  and  3  per  cent  caustic  soda  solution  and  place  the  mixture 
in  the  incubator  at  37°  C.  for  30  minutes.  Make  the  sputum  neutral  to  litmus 
with  hydrochloric  acid,  centrifuge  and  inoculate  the  deposit  on  the  medium 
described  below. 

Fasces  should  be  diluted  with  3  volumes  of  water  and  filtered  to  remove  solid 
particles.  The  filtrate  is  then  saturated  with  sodium  chloride  and  mixed  with 
an  equal  volume  of  3  per  cent  caustic  soda  solution ;  this  is  digested  in  the 
incubator  for  30  minutes.  The  sediment  is  neutralized  and  inoculated  into  the 
special  medium  which  is  prepared  as  follows  : 

Sterilize  shells  of  eggs  by  immersion  in  70  per  cent  alcohol  for  10  minutes. 
Break  the  eggs  into  a  sterile  beaker  and  after  mixing  filter  through  sterile  gauze. 
Then  prepare  meat  juice  by  infusing  for  24  hours  500  grm.  beef  in  500  c.c.  of  a 
15  per  cent  solution  of  glycerin  in  water.  Extract  the  meat  juice  in  a  sterile 
meat  press  and  pour  into  a  sterile  beaker.  Add  one  part  of  meat  juice  to  the 
eggs  and  sufficient  1  per  cent  alcoholic  gentian  violet  to  make  a  dilution  of 
1  in  10,000.  Tube  in  sterile  test  tubes  and  inspissate  for  three  successive  days 
(85°  C.  for  the  first  day  and  75°  C.  for  the  second  and  third  days). 

Cultivation  of  Entamoeba  histolytica  (Cutler).  By  this  method  it  has  been 
possible  to  obtain  cultures  of  E.  histolytica, ,  which  on  subculture  retain  their 
vitality  for  several  months  and  are  capable  of  producing  typical  dysenteric 
lesions  in  the  intestines  of  cats.  Two  media  may  be  employed. 

(1)  Egg  medium.  Successful  cultures  were  obtained  with  an  egg  medium 
described  by  Dean  and  Mouat  (1916),  to  which  it  is  advisable  to  add  a  few  drops 
of  blood.  The  medium  is  prepared  as  follows  :  The  white  and  yolk  of  an  egg 
are  thoroughly  broken  up  by  shaking  in  a  glass  bottle  containing  glass  beads. 
The  substance  should  be  thoroughly  shaken,  so  as  to  ensure  that  the  egg  is  broken 
up  into  small  particles.  To  this  add  300  c.c.  of  distilled  water,  and  the 
mixture  is  shaken  once  more.  The  mixture  is  now  gradually  brought  to  the 
boiling  point  by  placing  the  bottle  in  a  water  bath,  and  the  temperature  is 
maintained  for  half  an  hour.  During  the  whole  process  the  mixture  is  constantly 
and  violently  shaken.  The  result  is  a  fluid  in  which  the  egg  particles  are 
suspended.  The  medium  is  distributed  in  suitable  quantities  (5  c.c.)  into  test 
tubes,  which  are  sterilized  in  the  autoclave. 

(2)  Blood-clot  medium.  This  is  prepared  by  taking  500  c.c  of  human 
blood  clot  and  boiling  it  for  an  hour  in  a  litre  of  water.  To  the  filtrate  is  added 
0-5  per  cent  sodium  chloride  and  1  per  cent  peptone.  The  medium  is  then  tubed 
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and  sterilized  by  steaming  for  twenty  minutes  on  three  successive  days.  A  few 
drops  of  blood  are  added  before  use,  as  with  the  egg-broth  medium. 

All  the  successful  cultures  were  obtained  from  stools  consisting  of  blood  and 
mucus,  and  a  specimen  of  this  type  is  probably  desirable,  if  not  essential  to 
success. 

The  cultures  were  made  not  more  than  three  hours  after  the  specimens  had 
been  passed.  A  small  quantity  of  the  fieces  (five  or  six  large  loopfuls)  was 
inoculated  into  a  tube  containing  5  c.c.  of  the  medium  to  which  a  few  drops  of 
fresh  blood  had  been  added.  The  cultures  were  incubated  for  24  hours,  at  the 
end  of  which  time  a  microscopical  examination  was  made.  In  the  early  part 
of  the  work  the  incubator  temperature  was  37°  C.,  but  latterly  it  has  been 
found  that  a  temperature  of  28-30°  C.  is  sufficient.  This  lower  temperature  is 
an  advantage  in  checking  the  excessive  growth  of  bacteria,  which  soon  render 
the  medium  unsuitable  for  the  development  of  the  amoebae.  In  successful 
experiments  amoebae  were  found  in  such  numbers  at  the  end  of  24  hours’  incuba¬ 
tion  that  it  may  be  assumed  that  multiplication  had  taken  place  in  the  culture 
medium. 

It  is  necessary  to  subculture  frequently,  daily  is  often  desirable,  as  there 
is  a  tendency  for  the  amoebae  to  pass  into  the  cyst  condition  if  not  removed  to 
a  fresh  medium.  Also  it  is  advisable  to  test  the  reaction  of  the  culture  daily,  as 
acidity  soon  kills  the  amoebae.  If,  however,  the  medium  has  not  been  rendered 
markedly  acid  by  the  bacteria,  a  sub-culture  need  not  be  made  for  two  or  three 
days. 

In  order  to  make  a  subculture,  0-5  to  1  c.c.  of  the  medium  containing  the 
amoebae  is  inoculated  into  a  fresh  culture  tube,  which  is  then  incubated. 

Cultivation  of  Trichomonas  intestinalis  (Boyd).  Loopfuls  of  faeces  containing 
Trichomonas  flagellates  are  transferred  to  tubes  of  physiological  saline  and 
incubated  at  37°  C.  After  10  days  loopfuls  of  the  sediment  are  transferred  to 
fresh  tubes  of  unsterilized  faecal  suspensions  in  saline,  the  faeces  employed  being 
taken  from  a  person  free  from  a  flagellate  infection.  After  the  second  trans¬ 
ference  the  flagellates  multiply.  After  18  days  subcultures  are  prepared  from 
the  second  transfer  by  inoculating  into  unsterilized  faecal  suspensions. 

SPECIAL  TESTS  FOR  DIFFERENTIATING  ORGANISMS. 

The  production  of  indol.1  (1)  The  paradimethylamidobenzaldehyde  test 
is  a  very  delicate  one.  For  this  test  two  solutions  stored  in  separate  bottles  are 
necessary. 

A.  Paradimethylamidobenzaldehyde,  4  grm. 

Absolute  alcohol  (96  per  cent),  380  c.c. 

Concentrated  hydrochloric  acid,  80  c.c. 

B.  Saturated  watery  solution  of  potassium  persulphate. 

The  organisms  to  be  tested  are  inoculated  into  peptone  water  and  incubated 
at  37°  C.  for  48  hours.  To  5  c.c.  of  this  culture  add  1  c.c.  of  solution  A  and  then 
1  c.c.  of  solution  B  and  shake  well  ;  replace  the  culture  tube  in  the  incubator, 
in  a  few  minutes,  if  indol  be  present  a  rose  red  colour  will  appear.  Sometimes 
‘the  rose  red  colour  will  appear  without  the  addition  of  the  oxidizing  agent. 
In  cases  where  there  is  a  doubtful  reaction  McConkey  recommends  that  amyl 

1  In  carrying  out  the  indol  test  the  culture  medium  should  not  contain  indol  or  glucose 
but  should  contain  free  tryptophane  or  a  tryptophane  polypeptide. 
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alcohol  be  added  to  the  culture  and  the  latter  shaken.  If  the  amyl  alcohol 
remains  colourless  the  reaction  is  negative.1 

(2)  Nitroso-indol  test.  This  depends  on  the  fact  that  indol  when 
acted  upon  by  nitric  acid  in  the  presence  of  nitrites  produces  a  nitroso-indol 
compound  which  is  a  rose  pink  colour.  In  the  case  of  some  organisms  such  as 
B.  coli  the  nitrites  require  to  be  added.  To  a  48-hour  culture  in  peptone  water 
(10  c.c.)  or  sugar-free  broth  add  1  c.c.  of  0-2  per  cent  solution  of  potassium  nitrite 
and  a  drop  of  pure  nitric  or  sulphuric  acid.  Replace  the  culture  in  the  incubator 
at  37°  C.  and  examine  at  the  end  of  an  hour  ;  if  negative  examine  daily  for 
three  or  four  days,  as  the  reaction  may  be  slowly  produced. 

The  cholera  vibrio  produces  both  indol  and  nitrites,  so  that  a  pink  colour  is 
produced  on  the  addition  of  pure  nitric  or  sulphuric  acid  only — the  so-called 
cholera  red  reaction. 

In  testing  organisms  48-hour  cultures  are  commonly  employed  ;  if  a  negative 
result  is  obtained  it  is  advisable  to  repeat  the  test  in  cultures  7  days  old. 

Voges-Proskauer  reaction.  Inoculate  a  2  per  cent  glucose  peptone  tube 
with  the  organism  to  be  tested  and  incubate  for  3  days.  Add  2-3  c.c.  of 
strong  caustic  potash  solution  and  allow  the  tube  to  stand  for  24  hours  at  room 
temperature.  If  positive  an  orange  fluorescent  colour  is  produced. 

Reduction  of  nitrates.  Inoculate  nitrate  broth  (5  grains  of  potassium  nitrate 
dissolved  in  a  litre  of  broth,  tube  and  sterilize)  with  the  suspected  organism. 
After  48  hours  incubation  add  a  few  drops  of  sulphuric  acid  and  then  run  in 
2-3  c.c.  metaphenylenediamine,  a  brownish  red  colour  shows  reduction  of 
nitrates  to  nitrites. 

In  the  test,  control  uninoculated  tubes  should  be  incubated  and  the  test 
solutions  added. 

Indicators  for  culture  media  (see  also  p.  503).  The  following  are  commonly 
employed  as  indicators  of  the  production  of  acid  or  alkali  in  cultures. 

Litmus  may  be  bought  as  a  strong  watery  solution — azolitmin  or  Ivubel- 
Tiemann’s  solution — or  may  be  prepared  as  follows  :  take  litmus  powder  20  grm., 
add  80  c.c.  of  90  per  cent  alcohol  and  boil  for  1  hour  on  a  water  bath.  Pour  off 
the  clear  liquid,  add  60  c.c.  of  90  per  cent  alcohol,  and  repeat  the  boiling,  pour 
off  the  clear  liquid  and  repeat  once  more  with  60  c.c.  of  90  per  cent  alcohol  : 
pour  off  the  liquid  and  digest  the  washed  litmus  in  200  c.c.  distilled  water  and 
filter.  The  litmus  solution  is  added  in  sufficient  quantity  to  produce  a  bluish 
tint  in  the  different  media  before  the  latter  are  sterilized.  If  acid  is  produced 
in  such  media  the  bluish  tint  changes  to  a  pink  colour. 

Neutral  red  is  usually  employed  as  a  0-5  per  cent  or  a  1  per  cent  watery 
solution,  added  either  to  agar  or  broth.  In  the  presence  of  an  acid  neutral  red 
becomes  a  deep  rose  red  colour,  while  an  alkali  turns  it  yellow. 

Andrade’s  fuchsin  indicator.  0-5  per  cent  acid  fuchsin  in  distilled 
water  decolorized  with  N/l  sodium  hydrate,  adding  a  few  drops  at  intervals 
as  the  decolorization  goes  on  for  some  time  after  the  addition  of  the  alkali. 
The  indicator  should  be  straw  coloured  when  finished.  500  c.c.  fuchsin  solution 
requires  roughly  3-4  c.c.  N/l  NaOH  to  neutralize  it.  1  c.c.  of  the  indicator  is 
added  to  each  100  c.c.  of  the  medium  which  should  be  at  a  reaction  of  about 
+  3  Eyre’s  scale.  At  this  point  the  fuchsin  indicator  remains  colourless.  This 
indicator  is  used  for  liquid  sugar  media  only  and  gives  more  clear-cut  results 
than  litmus,  turning  red  as  acid  is  formed. 

1  The  test  can  be  improved  by  extracting  the  indol  with  ether  (Steensma).  One  to  two 
cubic  centimetres  of  ether  are  added  to  a  forty-eight  hour  culture  and  well  shaken  for  a  few 
seconds.  After  the  ether  has  risen  to  the  surface  a  few  drops  of  the  paradimethylamido- 
benzaldehyde  are  added  ;  if  indol  has  been  formed  a  rose  red  colour  develops  between  the 
ether  and  the  culture. 
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Synopsis  :  Stains  and  staining  methods,  p.  523  ;  General  rules  of  procedure  for  the 
bacteriological  examination  of  material,  p.  533. 

Method  of  making  film  preparations  of  organisms.  The  first  essential  is 
a  clean  slide  or  cover-slip  which  must  be  free  from  grease.  Slides  and  cover- 
slips,  previously  prepared  according  to  the  method  described  on  p.  499,  should 
be  free  from  grease,  but  may  be  rubbed  with  a  piece  of  old  linen  to  remove  any 
trace  of  grease,  and  then  be  passed  once  or  twice  through  the  flame  of  a 
spirit  lamp.  If  a  cover-slip  is  used  it  should  be  held  by  a  pair  of  Cornet’s  forceps. 
A  platinum  loopful  or  drop  of  distilled  water  is  then  placed  on  the  slide  or  cover- 
slip  and  a  small  portion  of  the  culture  to  be  examined  is  taken  up  by  the  end  of 
the  platinum  loop  and  thoroughly  rubbed  up  with  the  distilled  water.  Further 
procedure  depends  on  whether  the  film  preparation  is  to  be  wet  fixed,  or  fixed 
by  the  dry  method. 

Wet  fixation  of  films  is  used  more  especially  for  the  study  of  the  nuclear 
structure  of  cells  which  would  otherwise  shrink  and  become  distorted  were  the 
dry  method  employed.  It  is  a  useful  method  for  fixing  entamoeba;  (see  p.  531). 
In  wet-fixation  methods  it  is  advisable  not  to  allow  the  film  to  dry  at  any  stage 
of  the  process  prior  to  mounting. 

Of  the  fixatives  the  most  commonly  used  is  Schaudinn’s  fluid,  consisting  of 
1  part  absolute  alcohol  and  2  parts  saturated  solution  of  mercuric  chloride  in 
normal  saline.  The  film  is  placed  face  downwards  in  this  fluid  for  2-5  minutes, 
then  washed  in  50  per  cent  alcohol,  then  in  70  per  cent  alcohol,  and  is  subse¬ 
quently  transferred  to  70  per  cent  alcohol  containing  a  few  drops  of  Lugol’s 
solution  (water  100,  potassium  iodide  6,  iodine  4)  for  15-30  minutes,  after 
which  it  is  rinsed  again  in  70  per  cent  alcohol  and  hardened  in  80  per  cent  alcohol 
for  15  minutes,  it  is  then  passed  through  a  series  of  graded  alcohols  (down  to 
10  per  cent),  then  placed  in  distilled  water  and  finally  stained,  after  which  it  is 
washed  in  water,  dehydrated  in  absolute  alcohol,  cleared  in  xylol,  and  mounted 
in  Canada  balsam. 

Another  useful  method  is  to  fix  the  wet  film  by  exposure  to  4  per  cent  osmic 
acid  vapour  for  10-30  seconds,  then  harden  in  absolute  alcohol  for  5  minutes  and 
without  allowing  the  film  to  dry,  to  pass  it  through  graded  alcohols,  90,  70,  50, 
30  per  cent,  to  water  before  staining.  After  staining  dehydrate  the  film  through 
successive  grades  of  alcohols,  clear  in  xylol  and  mount. 

Bouins-Duboscq  fluid  is  also  an  excellent  fixative.  It  has  the  following 
composition  :  alcohol  80  per  cent,  150  c.c. ;  formalin '40  per  cent,  60  c.c. ;  glacial 
acetic  acid  15  c.c. ;  picric  acid  1  grm.  Fix  the  film  in  this  for  5  minutes  and  wash 
in  70  per  cent  alcohol  to  remove  the  yellow  colour. 

Formol  alcohol — formalin  1  part,  absolute  alcohol  9  parts — is  another  excel¬ 
lent  fixative,  the  films  being  placed  in  it  for  3  minutes,  then  washed  in  methy¬ 
lated  spirit,  in  water,  and  subsequently  stained. 

Dry  method  of  fixation.  A  minute  portion  of  the  culture  having  been  emulsi¬ 
fied  in  the  loopful  of  distilled  water  and  spread  over  the  glass,  the  film,  be  it  on 
a  slide  or  cover-slip,  is  dried  by  waving  it  two  or  three  times  in  the  air,  and  is 
finally  fixed  by  slowly  passing  the  back  or  under-surface  of  the  slide  or  cover-slip 
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three  or  four  times  through  the  flame,  overheating  being  guarded  against  by 
testing  the  heated  slide  against  the  back  of  the  hand  ;  allow  to  cool  and  then 
stain. 

Fixation  of  blood  films,  see  p.  535. 

Stains.  Aniline  dyes  are  commonly  employed  for  staining  purposes,  more 
especially  for  micro-organisms.  These  dyes  are  divided  into  two  groups — basic 
aniline  dyes,  which  have  a  special  affinity  for  staining  acid  material,  such  as 
nuclear  structure,  and  acid  aniline  dyes,  which  stain  the  protoplasm  of  a  basic 
nature. 

Basic  aniline  dyes  are  usually  employed  for  the  staining  of  bacteria.  A  con 
venient  method  is  to  make  them  up  in  quantity  in  the  form  of  saturated  alcoholic 
solutions,  and  when  required,  a  small  portion  is  diluted  with  distilled  water 
and  filtered.  Watery  solutions  may  also  be  prepared. 

In  the  case  of  certain  stains,  especially  the  violet  stains,  only  small  quantities 
should  be  prepared  owing  to  their  tendency  to  decomposition. 

The  basic  stains  most  commonly  employed  are  the  red  stains,  such  as  basic 
fuchsin  and  safranin  ;  the  blue  stains,  such  as  methylene  blue  or  thionin  blue  ; 
the  violet  stains,  such  as  gentian  violet  and  methyl  violet  ;  and  the  brown 
stains,  such  as  bismarck  brown. 

Most  stains  should  be  filtered  before  use,  otherwise  a  granular  deposit  is 
liable  to  form  on  the  stained  preparation. 

Mordants  are  often  added  to  increase  the  penetrating  power  of  the  stain  for 
micro-organisms  and  at  the  same  time  to  increase  resistance  to  the  subsequent 
use  of  decolorizing  agents.  The  common  mordants  employed  are  aniline  oil, 
carbolic  acid,  and  weak  solutions  of  alkalis.  Heat  also  assists  in  increasing  the 
penetrating  power  of  a  stain. 

Decolorizing  agents  are  often  used  in  certain  staining  methods  to  remove 
the  colour  from  tissue  cells  and  other  elements,  in  order  to  demonstrate  the 
presence  of  organisms  stained  with  a  dye  containing  a  mordant.  They  are  also 
employed  to  decolorize  over-stained  films.  The  decolorizing  agents  com¬ 
monly  used  are  acids,  alcohols  and  aniline,  or  clove  oil  ;  hot  water  may  also  be 
employed  as  a  decolorizing  agent  for  over-stained  specimens. 

When  acids  are  used  as  decolorizing  agents  the  decolorized  specimens  should 
be  well  washed  in  water  and  finally  in  distilled  water  containing  a  little  lithium 
carbonate. 

Gram's  method  of  staining.  This  is  a  valuable  stain  for  differentiating 
certain  organisms.  (1)  Stain  with  carbol  gentian  violet  or  aniline  gentian  violet 
for  5  minutes.  (2)  Drain  off  excess  of  stain  but  do  not  wash  off,  and  apply 
for  1  minute  Lugol’s  iodine  solution  (iodine  1  part,  potassium  iodide  2  parts, 
distilled  water  300).  (3)  Without  washing  decolorize  with  absolute  alcohol 

(98  per  cent  or  over)  for  2  minutes.  (4)  Counterstain  either  with  weak  carbol 
fuchsin  (1  part  of  carbol  fuchsin  to  20  parts  of  water)  for  a  few  seconds,  or  with 
a  saturated  watery  solution  of  bismarck  brown. 

Care  is  necessary  in  carrying  out  the  technique  of  Gram’s  method,  as  the 
possibilities  of  error  are  great.  It  is  essential  that  the  film  to  be  stained  should 
be  thin  and  evenly  spread,  otherwise  deeolorization  becomes  difficult.  The 
film  should  not  be  fixed  too  rapidly  and  should  not  be  subjected  to  too  great 
heat.  If  aniline  gentian  violet  be  used  it  should  be  prepared  fresh,  and  the 
Lugol’s  solution  should  not  be  too  old.  The  alcohol  used  for  decolorizing 
should  be  98  per  cent  or  over  ;  weak  alcohol  will  decolorize  Gram  positive 
organisms.  The  counterstain  should  not  be  too  concentrated. 
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To  obviate  these  possible  errors  the  Medical  Research  Committee  recom¬ 
mend  that  Jensen’s  method  be  used  instead  of  Gram’s  method.  Jensen  has 
shown  that  the  intensifying  action  of  either  aniline  water  or  carbolic  acid  on 
gentian  violet  is  quite  unnecessary.  Jensen  discards  the  aniline  water,  and 
increases  the  concentration  of  the  iodine  solution  of  counterstain  with  neutral 
red. 

Jensen's  method.  (1)  Make  a  thin  and  evenly  distributed  film.  (2)  Fix  in 
the  flame,  taking  care  to  avoid  overheating  by  testing  the  heated  slide  against 
the  back  of  the  hand.  (3)  Allow  the  slide  to  cool.  (4)  Stain  with  a  0-5  per  cent 
aqueous  solution  of  methyl  violet  (6  B)  for  one  quarter  to  half  a  minute. 
(Methyl  violet  solution  remains  stable  for  months).  (5)  Drain  off  excess  of 
methyl  violet  solution  and  wash  away  the  remainder  with  a  drop  or  two  of  strong 
Lugol’s  solution  (iodine  1  part,  potassium  iodide  2  parts,  distilled  water  100 
parts).  Do  not  wash  off  with  water.  (6)  Pour  on  a  fresh  quantity  of  strong 
Lugol’s  solution  and  leave  for  J— 1  minute.  (7)  Wash  off  the  Lugol’s  solution 
with  absolute  alcohol.  (8)  Pour  on  fresh  absolute  alcohol  98  per  cent,  moving 
the  slide  from  side  to  side,  and  pour  on  more  absolute  alcohol  till  it  ceases  to  be 
tinted  by  the  stain.  (9)  Finally  rinse  with  a  few  drops  of  absolute  alcohol, 
followed  immediately  without  any  intervening  washing  in  water  by  a  solution  of 
neutral  red  (neutral  red  1  grm.,  distilled  water  1,000  c.c.,  1  per  cent  glacial 
acetic  acid  2  c.c.),  for  15  seconds  to  1  minute.  (10)  Wash  in  water,  dry  with 
filter  paper  and  in  air,  and  mount  in  the  usual  way. 

To  check  the  technique  it  is  advisable  to  stain  at  the  same  time  a  known 
Gram- positive  organism,  e.  g.  Staphylococcus  aureus  and  a  known  Gram- negative 
organism,  e.  g.  B.  coli. 

Loftier' s  alkaline  methylene  blue.  Saturated  alcoholic  solution  of  methylene 
blue,  30  c.c.  ;  solution  of  potassium  hydrate  in  distilled  water  (1-10,000)  100  c.c. 

For  films,  stain  for  5  minutes.  For  sections,  stain  for  30  minutes,  decolorize 
with  half  per  cent  acetic  acid,  wash  and  counterstain  for  a  few  seconds  in  1  per 
cent  alcoholic  solution  of  eosin. 

Carbol  gentian  violet.  Mix  1  part  of  saturated  alcoholic  solution  of  gentian 
violet  with  10  parts  of  5  per  cent  solution  of  carbolic  acid  and  shake  thoroughly. 
This  is  frequently  used  in  place  of  aniline  gentian  violet  in  staining  by  Gram’s 
method. 

Aniline  gentian  violet.  Two  solutions  are  necessary  :  (1)  Aniline  oil  water 
prepared  by  adding  5  c.c.  aniline  oil  to  100  c.c.  water  and  shaking  thoroughly 
till  the  oil  has  dissolved  ;  and  (2)  a  saturated  solution  of  gentian  violet  in 
alcohol.  For  use  take  1  part  of  solution  2,  and  add  10  parts  of  solution  1,  mix 
and  filter.  This  stain  is  frequently  used  as  a  part  of  Gram’s  method  of  staining, 
and  when  required  should  be  freshly  prepared. 

Flagella  staining  (Richard  Muir’s  modified  Pitfield  method).  Care  and  practice 
are  necessary  to  ensure  satisfactory  results.  It  is  essential  to  use  (1)  thoroughly 
clean  cover-glasses,  and  (2)  young  agar  cultures  (12-18  hours  old).  Take  a  very 
small  portion  of  the  culture  on  the  tip  of  platinum  wire  and  emulsify  with  dis¬ 
tilled  water  in  a  watch  glass ;  the  emulsion  should  be  a  very  weak  one.  Place 
a  drop  of  this  emulsion  on  a  cover-glass  and  spread  a  thin  film,  allow  to  dry  in 
.  the  air  and  then  pass  through  a  flame.  Prepare  the  mordant,  consisting  of 
tannic  acid  (10  per  cent  aqueous  solution)  10  c.c.,  saturated  aqueous  solution 
mercuric  chloride  5  c.c.,  saturated  aqueous  solution  of  alum  5  c.c.,  carbol 
fuchsin  5  c.c.  Mix  thoroughly  and  allow  precipitate  to  settle  or  centrifuge. 
Pipette  off  the  clear  fluid  and  discard  the  precipitate.  The  mordant  keeps 
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satisfactorily  for  1  week.  Flood  the  specimen  with  the  mordant  and  heat  gently 
over  the  flame  till  steam  begins  to  rise  ;  allow  to  steam  for  one  minute.  Wash 
in  a  stream  of  running  water  for  2  minutes.  Dry  carefully  in  the  incubator. 
When  thoroughly  dry  pour  on  the  following  stain  :  saturated  aqueous  solution  of 
alum  10  c.c.,  saturated  alcoholic  solution  of  gentian  violet  and  steam  gently 
for  1  minute.  The  stain  keeps  well  for  2  days.  Wash,  dry,  and  mount  in  xylol 
balsam. 

Capsule  staining.  The  method  of  Gram  and  ordinary  hanging  drop  pre¬ 
parations  (with  the  diaphragm  nearly  closed)  will  often  demonstrate  the  pre¬ 
sence  of  capsules  in  bacteria. 

Muir’s  method  of  staining  gives  good  results.  Prepare  thin  films,  fix  and 
stain  with  filtered  carbol  fuchsin  for  30  seconds,  the  preparation  being  gently 
steamed  ;  wash  with  spirit  and  then  wash  well  in  water.  Place  in  the  following 
mordant  for  5-10  seconds — saturated  solution  corrosive  sublimate  2  parts, 
20  per  cent  tannic  acid  solution  2  parts,  saturated  aqueous  solution  potash  alum 
5  parts.  Wash  well  in  water.  Treat  with  methylated  spirit  for  1  minute.  The 
preparation  should  now  have  a  pale  red  colour.  Wash  well  in  water.  Counter- 
stain  with  watery  solution  of  ordinary  methylene  blue  for  J  minute.  Dehydrate 
in  alcohol,  clear  in  xylol,  and  mount  in  balsam.  The  bacteria  appear  crimson  in 
colour  with  blue  capsules. 

Spore  staining.  Fix  films  and  then  place  in  chloroform  for  2  minutes.  Wash 
thoroughly  and  treat  with  5  per  cent  solution  of  chromic  acid  for  1  minute,  wash 
well  and  stain  with  carbol  fuchsin  as  for  tubercle  bacilli.  Decolorize  with 
1  per  cent  sulphuric  acid,  wash  in  water  and  stain  with  saturated  aqueous  solu¬ 
tion  of  methylene  blue  for  30  seconds.  Wash  in  water,  dry,  and  mount  in  bal¬ 
sam.  With  this  method  the  spores  are  stained  red  and  the  protoplasm  of  the 
bacilli  blue. 

Botelho’s  method  of  staining  spores.  Dissolve  4  grm.  brilliant  green  and  2  grm. 

acid  fuchsin  in  a  mixture  of  50  c.c.  chemically  pure  acetic  acid  with  50  c.c.  dis¬ 
tilled  water.  A  film  of  the  culture  well  diluted  with  water  is  spread  on  a  cover- 
glass  and  covered  with  the  staining  solution.  The  cover-glass  is  heated  to  steam¬ 
ing  point  three  or  four  times,  any  loss  of  the  staining  solution  being  made  good 
bv  the  addition  of  fresh  stain.  The  film,  now  a  violet  colour,  is  washed  in  dis¬ 
tilled  water  till  the  colour  becomes  a  distinct  green.  The  bacilli  are  stained 
green  and  the  spores  red.  If  the  spores  are  specially  resistant  to  stain,  repeat 
the  process  two  or  three  times  without  drying,  after  washing  in  distilled  water. 

Ziehl-Neelsen  carbol  fuchsin  stain.  Useful  for  tubercle,  leprosy,  and  other 
acid  fast  bacilli,  and  consists  of  basic  fuchsin  1  part,  absolute  alcohol  10  parts, 
carbolic  acid  solution  (1  :  20)  100  parts.  (1)  Cover  the  film  with  this  solution  and 
heat  till  steam  rises.  A  convenient  method  is  to  rest  the  slide  on  a  copper  plate 
and  heat  the  copper  plate  from  time  to  time,  keeping  the  film  in  the  hot  solution 
for  5  minutes — if  heat  be  not  employed  the  film  should  remain  in  the  cold  solu¬ 
tion  for  at  least  12  hours.  (2)  Decolorize  in  20  per  cent  sulphuric,  nitric,  or 
hydrochloric  acid  in  water.  Allow  the  film  to  remain  in  the  acid  for  3-4  minutes, 
then  wash  gently  in  water.  Decolorization  is  complete  when  the  washing  of 
the  film  in  water  produces  a  delicate  pink  tinge  ;  if  the  colour  of  the  film  is  red 
decolorization  is  incomplete  and  more  of  the  acid  solution  is  poured  on. 

(3)  After  decolorization  is  complete  wash  in  absolute  alcohol  for  30  seconds. 

(4)  Wash  in  water  and  counterstain  in  a  saturated  aqueous  solution  of  methylene 
blue  for  30  seconds.  Wash,  dry,  and  mount.  In  the  case  of  sections  dehydrate 
clear,  and  mount.  This  technique  shows  tubercle  and  other  acid  fast  bacilli 
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(but  not  the  smegma  bacillus)  stained  bright  red.  By  the  use  of  alcohol  after 
the  process  of  decolorization  it  is  possible  to  differentiate  the  tubercle  bacillus 
from  the  smegma  bacillus  found  in  the  urine,  the  latter  is  acid  fast  but  not 
alcohol  fast,  whereas  the  tubercle  bacillus  is  both  acid  and  alcohol  fast. 

A  quick  modification  of  the  Ziehl-Neelsen  method  is  to  decolorize  in  95  per 
cent  alcohol  containing  3  per  cent  hydrochloric  acid. 

The  bacillus  of  leprosy,  another  acid  fast  bacillus,  is  more  easily  decolorized 
than  the  tubercle  bacillus,  and  it  is  therefore  advisable  to  decolorize  with 
5  per  cent  sulphuric  acid  instead  of  the  stronger  solution,  when  this  organism  is 
suspected. 

Staining  of  tubercle  bacilli  (Gasbarini’s  method). 

1.  Fix  a  smear,  stain  with  hot  Zichl’s  carbol  fuchsin  for  a  few  minutes. 

2.  Immerse,  without  washing,  in  2-3  per  cent  alcoholic  solution  of  laeto-methv- 

lene  blue  (excess  of  methylene  blue  with  lactic  acid  40  c.c.,  water  160  c.c., 
95  per  cent  alcohol  4  parts).  The  lacto-methylene  blue  has  a  simul¬ 
taneous  decolorizing  and  recolorizing  effect,  extending  to  all  parts  of 
the  preparation. 

3.  Wash  in  running  water  and  dry. 

To  demonstrate  the  tubercle  bacillus  in  urine,  the  smear  is  first  treated  with 
5-10  per  cent  solution  of  soda  in  5  per  cent  alcohol,  in  order  to  dissolve  the 
smegma  bacillus  and  then  stained  as  above. 

This  method  is  more  reliable  than  those  in  which  mineral  acids  are  employed, 
and  will  demonstrate  tubercle  bacilli  in  urine,  sputum  and  fceces  in  cases  when 
Ziehl’s  method  has  given  negative  results. 

Carbol  thionin  blue  is  a  useful  stain  for  demonstrating  typhoid  bacilli  in 
sections.  It  is  advisable  to  make  up  a  stock  solution  consisting  of  thionin  blue 
1  grm.  dissolved  in  100  c.c.  of  1-40  carbolic  acid  solution.  For  use,  take  1  volume 
of  stain  and  3  volumes  of  water,  and  filter. 

Sections  should  be  stained  for  5  minutes,  then  thoroughly  washed  in  water 
to  get  rid  of  any  crystalline  deposit  and  decolorized  in  weak  acetic  acid  (2  or 
3  drops  to  a  bowl  of  water).  Wash  again  thoroughly,  dehydrate,  clear  in  xylol, 
and  mount.  If  a  counterstain  be  employed,  such  as  1  per  cent  eosin,  it  should 
be  used  before  the  carbol  thionin  is  put  on  the  section. 

Pappenheim’s  stain  for  the  gonococcus.  This  consists  of  methyl  green 
0T5  grm.,  alcohol  25  c.c.,  pyronin  0-25  grm.,  glycerin  20  c.c.,  carbolic  acid  solu¬ 
tion  2  per  cent  to  100  c.c.  Allow  this  stain  to  act  for  20-30  seconds,  wash  with 
water,  dry  and  mount.  The  gonococci  are  stained  a  purple  red,  the  nuclei  of 
cells  are  bluish  green,  and  the  cytoplasm  of  cells  a  rose  red  colour. 

Neisser’s  stain  for  diphtheria  bacilli.  This  is  more  suitable  for  preparations 
made  from  cultures  than  from  swabs  of  diphtheritic  material.  Solution 
(1)  contains  methylene  blue  1  grm.,  dissolved  in  20  c.c.  of  96  per  cent  alcohol, 
and  to  this  solution  are  added  50  c.c.  glacial  acetic  acid  and  950  c.c.  distilled 
water.  Solution  (2)  contains  bismarck  brown  2  grm.  dissolved  in  1,000  c.c. 
distilled  water.  For  use  pour  on  solution  (1)  for  10  seconds,  wash  in  water  and 
apply  solution  (2)  for  10  seconds  ;  wash,  dry  and  mount.  The  bacilli  are 
stained  brown  with  dark  blue  dots. 

Toluidin  blue  method  for  diphtheria  bacilli.  Take  toluidin  blue  (Grubler’s) 
0  02  grm.,  glacial  acetic  acid  1  c.c.,  absolute  alcohol  2  c.c.,  distilled  water  100  c.c. 
Pour  this  mixture,  filtered,  on  to  the  film  and  allow  it  to  stain  for  2-3  minutes. 
This  stain  is  very  useful  for  demonstrating  the  metachromatic  granules  of  the 
diphtheria  bacilli. 
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Raskin's  method  for  diphtheria  bacilli.  This  method  gives  beautiful  results, 
the  bacilli  being  stained  red  and  the  polar  bodies  blue. 

The  stain  consists  of  glacial  acetic  acid  5  c.c.,  distilled  water  95  c.c.,  alcohol 
95  percent  95  c.c.,  saturated  solution  of  methylene  blue  100  c.c.,  Ziehl’s  carbol 
fuchsin  4  c.c.  Drop  this  mixture  in  a  thin  layer  over  the  film,  heat  over  a  flame  : 
the  alcohol  ignites,  and  is  permitted  to  burn  off,  wash  the  specimen  in  water 
and  dry. 

Staining  of  Spirochsetaceae. 

1.  Macneal’s  method.  Methyl  violet  25  grm.,  medicinal  methylene  blue 
01  grm.,  eosin  0-2  grm.,  methyl  alcohol  pure  100  c.c.  Dissolve,  aiding  solution 
by  warming.  Stain  the  film  for  45-60  seconds.  Immerse  for  1-2  minutes  in 
10  c.c.  of  a  solution  of  sodium  carbonate  (1-20,000).  Rinse  in  distilled  water, 
dry  and  examine. 

2.  A  quick  method  useful  for  the  staining  of  S.  pallidum.  Fix  a  thin  film 
of  suspected  material  over  1  per  cent  osmic  acid.  Make  up  aniline  oil  3  c.c., 
distilled  water  20  c.c.  shake  for  5-10  minutes.  Filter  the  emulsion  and  mix 
the  clear  liquid  with  a  concentrated  alcoholic  solution  of  gentian  violet  in  the 
proportion  of  2  to  1,  and  use  this  to  stain  the  fixed  film  for  20-30  seconds. 

3.  Benians’  modification  of  Burri’s  method.  Mix  a  drop  of  suspected 
exudate  with  a  drop  of  a  filtered  solution  of  congo  red,  2  parts  distilled  water 
to  100.  Spread  a  film  of  the  mixture,  allow  to  dry,  and  then  flood  the  slide  with 
a  solution  of  hydrochloric  acid  1  part,  absolute  alcohol  to  100  c.c.,  and  allow  to 
act  for  1  minute.  The  spironemata  stand  out  white  on  a  blue  background. 

4.  Fontana’s  method,  (a)  Films  of  the  suspected  material  are  dried  in  the 
air,  not  by  heat.  ( b )  Pour  on  several  times  in  the  course  of  a  minute  the  follow¬ 
ing  mixture  :  acetic  acid  1  c.c.,  formalin  20  c.c.,  distilled  water  100  c.c. 
(r)  Wash  in  water,  (d)  Pour  on  a  solution  of  5  per  cent  tannic  acid  in  a  1  per 
cent  watery  solution  of  carbolic  acid.  Heat  till  steam  rises  ;  leave  for  \  minute. 
(e)  Wash  with  water  15-30  seconds.  (/)  Without  drying,  apply  J  per  cent, 
silver  nitrate  in  distilled  water,  to  which  a  trace  of  ammonia  has  been  added  by 
means  of  a  capillary  pipette  till  turbidity  is  produced.  ( g )  Heat  till  steam  is 
given  off  and  leave  for  J  minute,  (h)  Wash  in  water,  dry  and  mount  in  xylol 
balsam.  By  this  method  S.  pallidum  is  stained  black. 

5.  Leishman’s  method.  The  stain  employed  is  Leishman’s  stain  in  powder 
0  15  grm.,  and  acetone-free  methyl  alcohol  100  c.c.  The  powder  is  finely  ground 
in  a  mortar  and  a  few  drops  of  the  methyl  alcohol  added,  and  the  grinding  process 
repeated  and  more  alcohol  added.  After  15-20  c.c.  alcohol  have  been  used, 
allow  to  stand  for  a  few  minutes  so  that  the  undissolved  particles  of  the  stain  may 
settle.  Decant  into  a  clean  bottle  and  repeat  the  process  with  the  remaining 
stain  and  more  alcohol.  The  stain  should  be  kept  for  3  days  in  order  to  ripen. 
Mix  equal  parts  of  stain  and  distilled  water  in  a  watch  glass  and  pour  it  over  thin 
and  previously  unfixed  films  of  suspected  material  and  allow  the  stain  to  act  for 
25  minutes  ;  wash  off  the  stain  very  gently  with  distilled  water,  and  dry  very 
carefully  with  slight  pressure  of  blotting-paper,  avoiding  all  rubbing. 

Staining  Leptospira  icterohsemorrhagiae  (Renaux  and  Wilmer).  This  is 
a  useful  method  for  demonstrating  the  spironemata  in  the  urine.  (1)  Centrifuge 
the  urine  and  spread  a  thin  film  from  the  sediment  on  a  cover-glass.  (2)  Immerse 
the  film  in  absolute  alcohol  for  1  minute  and  dry  over  the  flame  without  draining 
off  the  excess.  (3)  Cover  the  film  with  a  5  per  cent  solution  of  tannin  in  water 
and  heat  gently  over  a  flame  till  the  steam  rises  ;  continue  steaming  for  30 
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seconds.  (4)  Wash  the  film  in  running  tap-water.  (5)  Add,  without  drying 
the  film,  either  carbol  toluidin  blue,  methylene  blue,  or  Ziehl’s  carbol  fuchsin. 

(6)  Heat  the  film  gently  over  a  flame  till  steam  rises  and  for  30  seconds  longer. 

(7)  Wash  in  distilled  water  and  dry.  Clearly  defined  pictures  of  the  spironemata 
are  obtained. 

r 

A  method  of  staining  for  clubs  in  Actinomyces  (Wheal  and  Chown). 
Stain  the  section  for  a  short  time  with  Ehrlich’s  hematoxylin,  so  that  the  cell 
nuclei  become  faintly  blue  after  washing  with  tap-water.  Wash  well  with 
tap-water.  Stain  with  carbol  fuchsin  as  for  tubercle  bacilli.  Wash  with 
tap-water.  Decolorize  with  picric  acid  alcohol  (absolute  alcohol  and  half 
saturated  aqueous  picric  acid  solution  in  equal  parts).  Dehydrate,  clear  and 
mount. 

By  this  method  the  clubs  are  stained  a  brilliant  red  colour. 

Staining  of  blood  films  and  protozoa.  The  stains  employed  are  usually 
double  stains,  consisting  of  eosin  and  methylene  blue  originally  employed  by 
Romanowsky.  Various  modifications  of  Romanowsky’s  stain  have  been  em¬ 
ployed,  the  best  known  and  most  commonly  used  in  the  tropics  being  Leishman’s 
and  Giemsa’s  stains.  For  all  these  stains  distilled  water  should  be  used;  if  this 
is  not  obtainable,  rain  water  collected  in  the  open  and  not  from  a  roof  should  be 
employed. 

Leishman’s  stain.  This  stain  can  readily  be  obtained  in  soloid  form  (Bur¬ 
roughs  Wellcome  &  Co.),  when  it  is  easily  prepared  ;  it  can  also  be  prepared 
from  the  powder.  It  is  an  excellent  stain  for  routine  blood  work. 

Leishman’s  method  of  staining.  Pour  on  15  to  20  drops  of  freshly  prepared 
unfiltered  stain  ;  leave  for  30  seconds  and  allow  the  methyl  alcohol  to  fix  the 
film.  Add  double  the  quantity  of  distilled  water  (i.  e.  15  to  20  drops).  Mix 
by  gently  rocking  the  slide  ;  if  the  stain  is  good,  a  scum  should  form  at  once. 
Stain  for  5  to  10  minutes.  Float  the  stain  and  the  scum  off  by  pouring  distilled 
water  on  to  one  end  of  the  slide  (do  not  pour  the  stain  off  or  the  scum  will  be 
left  behind  and  deposited  on  the  film)  ;  soak  the  film  in  distilled  water  for 
30  seconds,  or  until  the  red  blood  corpuscles  are  pink  ;  dry  with  cigarette  paper. 
If  there  is  a  deposit  on  the  film  wash  rapidly  in  60  per  cent  alcohol,  followed 
by  distilled  water,  and  dry  quickly. 

The  writer  has  employed  the  following  routine  method  of  staining  for  many 
years,  with  satisfactory  results,  not  only  for  the  staining  of  malarial  parasites 
but  also  for  detecting  the  presence  of  spironemata  in  the  blood. 

Method.  The  slide  is  placed  on  two  rods  of  glass  stretched  across  a  Petri 
dish  and  the  film  is  covered  liberally  with  the  Leishman  stain,  which  is  allowed  to 
act  for  a  period  of  1  minute,  during  which  the  slide  is  gently  rocked  by  alter¬ 
nately  raising  and  lowering  the  Petri  dish  ;  at  the  end  of  a  minute,  by  which 
time  the  film  has  been  thoroughly  fixed,  an  approximately  equal  amount  of 
distilled  water  is  added  and  the  whole  preparation  covered  with  a  glass  cover, 
such  as  a  shallow  museum  jar,  and  allowed  to  stand  for  10-15  minutes.  At  the 
end  of  that  time  the  film  is  flushed  with  distilled  water  till  it  is  a  light  mauve 
colour,  10  seconds  are  usually  required,  and  is  then  carefully  dried  with  filter 
paper.  (The  stain  must  not  be  poured  off  but  is  to  be  floated  off  with  the  dis¬ 
tilled  water.) 

‘By  this  method  the  preparations  are  well  fixed  and,  if  anything,  a  trifle  over- 
,  stained.  In  view  of  the  fact  that  Romanowsky  stained  preparations  readily 
fade  in  the  tropics,  it  is  of  some  advantage  to  employ  a  method  permitting  of 
overstaining.  It  is  essential  to  cover  the  preparation  during  the  process  of 


TROPICS  I 


m  m 


530 


LABORATORY  METHODS 


staining  so  as  to  prevent  evaporation,  and  the  formation  of  a  granular  deposit. 
Should  a  precipitate  appear  on  the  film  it  is  readily  removed  by  pouring  a  few 
drops  of  undiluted  Leishman  stain  over  the  film  and  then  flushing  with  distilled 
water.  Films  can  be  left  to  stain  for  a  long  time,  any  precipitate  being  removed 
by  using  undiluted  stain. 

Merck’s  methyl  alcohol,  which  is  used  as  the  solvent  of  the  stain,  may  often 
only  be  obtained  with  difficulty,  and  in  its  place  methylated  spirit  as  suggested 
by  Tulloch  may  be  used.  To  25  c.e.  methylated  spirit  add  two  drops  of  a  10  per 
cent  solution  of  potassium  bicarbonate,  and  use  this  as  a  solvent,  making  a 
saturated  solution  of  the  Leishman  stain  powder.  For  this  method  the  blood 
film  should  be  fixed  in  equal  parts  of  methylated  spirit  and  ether  for  10  minutes, 
then  dried  and  stained  with  the  Leishman  solution  for  10  minutes,  washed  in 
distilled  water  and  flushed  with  1  in  1,500  acetic  acid  for  a  few  seconds,  it  is 
finally  rinsed  in  distilled  water  and  dried. 

A  matter  of  great  importance  is  that  the  methyl  alcohol  should  be  neutral 
in  reaction. 

Giemsa’s  stain.  Consists  of  ‘  azur  II-eosin  ’  3  parts,  azur  II  0-8  parts, 
glycerin  (Merck  pure)  250  parts,  methyl  alcohol  (Kahlbaum)  250  parts. 

Method.  For  staining  purposes  the  films  are  fixed  in  absolute  or  pure 
methyl  alcohol  for  10  minutes,  then  allowed  to  dry  and  placed  film  downwards, 
resting  on  two  pieces  of  glass  (such  as  the  ends  of  capillary  pipettes),  in  a  Petri 
dish.  The  stain  is  diluted  by  adding  one  drop  to  1  c.e.  of  water  and  shaking 
thoroughly.  The  diluted  stain  is  poured  into  the  Petri  dish  containing  the  film 
and  the  Petri  dish  covered.  The  film  is  allowed  to  stain  for  15-30  minutes,  then 
flushed  with  distilled  water  and  dried  in  a  current  of  air  or  with  filter  paper. 
The  addition  of  an  alkali  (one  drop  of  1  per  cent  potassium  carbonate  to  10  c.e. 
water)  to  the  water  used  for  diluting  the  stain  will  improve  the  effects  of  the 
stain  and  is  especially  useful  for  staining  such  delicate  flagellate  organisms  as  the 
cultural  forms  of  Leishmania,  etc. 

Gaducheau’s  stain  for  malaria  parasites.  Prepare  Borel’s  blue  : 

(1)  Take  some  crystals  of  silver  nitrate,  dissolve  in  a  minimum  amount  of 
water,  and  place  in  a  100  c.e.  flask.  Fill  up  the  flask  with  10  per  cent  sodium 
hydrate. 

(2)  Allow  precipitate  to  settle  and  pour  off  the  supernatant  fluid. 

(3)  Wash  precipitate  with  distilled  water  till  all  trace  of  alkali  has  dis¬ 
appeared. 

(4)  Transfer  precipitate  to  flask  and  fill  up  with  a  saturated  aqueous  solution 
of  medicinal  or  ordinary  methylene  blue.  Shake  and  allow  to  stand  for 
a  month,  shaking  occasionally.  Pour  off  fluid  and  filter ;  the  filtrate  is 
Borel’s  blue. 

Gaducheau’s  stain  consists  of  Borel’s  blue,  6  c.e.  ;  1  per  cent  solution  of 
methylene  blue  in  95  per  cent  alcohol,  18  c.e.  ;  and  5  per  cent  solution  of  eosin 
(watery  solution)  in  absolute  alcohol,  30  c.e.  ;  absolute  alcohol,  140  c.c. 

Method.  Stain  blood  films  with  the  raw  stain  for  5-10  minutes,  then  dilute 
the  stain  on  the  slide  with  an  equal  amount  of  distilled  water  and  allow  to  act 
for  a  further  5-10  minutes,  rinse  in  distilled  water  and  flush  quickly  with  acetic 

A  rapid  method  of  staining  malarial  parasites  (Igaravidez).  Prepare  one  per  cent  solutions 
of  methylene  blue  and  eosin  in  methyl  alcohol  and  store  in  dark  coloured  bottles.  Before  use 
equal  parts  of  the  solutions  and  methyl  alcohol  are  mixed.  Ten  to  fifteen  drops  are  poured 
on  the  blood  film  which  has  been  dried  in  air  ;  twenty  to  thirty  drops  of  neutral  water  are 
added.  After  a  minute  and  a  half  wash  with  water  and  dry  with  blotting  paper.  To  test  the 
reaction  of  the  water  add  a  little  powdered  hremotoxylin,  a  yellow  tint  denotes  acidity,  a  deep 
violet  alkalinity 
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acid  solution  (one  drop  of  a  25  percent  acetic  acid  solution  in  a  test  tube  of  water), 
wash  in  distilled  water,  dry  and  examine. 

For  out-stations  this  stain  is  an  especially  useful  substitute  for  Leishman’s 
stain  and  does  not  deteriorate. 

Staining  of  thick  blood  films  for  malaria  parasites.  (Modification  of  James’s 

method.) 

This  is  a  useful  method  for  demonstrating  malarial  parasites  when  present  in 
small  numbers. 

(1)  Make  thick  blood  smears  and  allow  to  dry  thoroughly,  if  necessary  in 
the  incubator. 

(2)  Immerse  the  slide  in  100  c.c.  methyl  alcohol,  containing  0-5  c.c.  concen¬ 
trated  fuming  hydrochloric  acid,  until  haemolysis  is  complete. 

(3)  Soak  the  films  for  10  minutes  in  methyl  alcohol.  If  the  films  are  very 
thick  a  longer  time  may  be  necessary. 

(4)  Place  in  running  tap-water  for  2  hours. 

(5)  Dry  thoroughly  before  staining  by  Leishman’s  stain.  If  Giemsa’s  stain 
be  employed  the  films  should  be  stained  while  wet. 

(6)  Wash  in  absolute  acetone. 

(7)  Rinse  in  distilled  water  and  dry  in  air. 

Method  of  staining  old  blood  films.  (Daniels.)  This  method  is  useful  for 
films  which,  owing  to  age  and  long  exposure  to  heat,  do  not  stain  well  by  any  of 
the  Romanowsky  methods.  Treat  the  slide  for  a  few  minutes  before  staining 
with  a  mixture  of  absolute  alcohol  (one  ounce)  and  3-5  drops  of  glacial  acetic 
acid.  Wash  in  distilled  water  and  stain  by  the  usual  methods,  either  with 
Leishman’s  or  Giemsa’s  stain. 

Method  of  wet  fixation  and  staining  of  protozoa.  This  is  a  useful  method  for 
fixing  and  staining  amoebae. 

(1)  Spread  the  material  to  be  examined  on  a  cover-slip  or  slide  and,  without 
allowing  the  film  to  dry,  place  it  face  downwards  for  10  minutes  in  the  following 
solution — saturated  aqueous  solution  of  mercuric  chloride  2  parts,  absolute 
alcohol  1  part.  This  solution  may  with  advantage  be  warmed  to  40°  C.  and  a 
drop  of  acetic  acid  be  added  to  it. 

(2)  Place  the  film  in  distilled  water  for  5  minutes  and  then  in  70  per  cent 
alcohol  containing  a  few  drops  of  Lugol’s  solution  for  3  hours  or  overnight. 

(3)  Transfer  to  graded  alcohols  and  finally  to  absolute  alcohol,  allowing  the 
film  to  remain  in  each  of  the  different  alcohols  for  10  minutes. 

(4)  Transfer  from  absolute  alcohol  to  80  per  cent  alcohol,  then  to  weaker 
strengths  of  alcohol  and  finally  to  distilled  water. 

(5)  Place  in  3  per  cent  iron  alum  in  water  for  6  hours. 

(6)  Transfer  to  distilled  water  for  1  minute. 

(7)  Stain  in  Heidenhain’s  hematoxylin  for  12  hours  (Hematoxylin  crystals 
1  grm.  in  10  c.c.  absolute  alcohol  and  90  c.c.  distilled  water  ;  allow  to  ripen  for 
a  month  and  add  100  c.c.  distilled  water). 

(8)  Wash  in  water  and  differentiate  in  0-5  per  cent  solution  of  iron  alum, 
controlling  the  differentiation  under  the  microscope. 

(9)  Wash  in  distilled  water  and  pass  through  graded  alcohols  to  absolute 
alcohol,  clear  in  xylol  and  mount. 

This  method,  although  tedious,  yields  excellent  results  if  care  be  taken 
throughout  that  no  drying  of  the  film  takes  place. 

Rosenbusch’s  modification  of  Heidenhain’s  haematoxylin  method.  This 
method  is  simpler  than  the  last,  and  gives  excellent  results.  After  wet  fixation 
of  the  film,  pass  through  graded  alcohols  to  water  and  soak  for  1 J  hours  in  3-5  per 
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cent  aqueous  solution  of  iron  ammonium  sulphate.  Stain  for  3  minutes  in  ripe 
haematoxylin  or  alcoholic  solution  of  haematein  containing  a  drop  of  saturated 
aqueous  solution  of  lithium  carbonate.  Differentiate  with  a  dilute  solution 
(J-l  per  cent)  of  iron  ammonium  sulphate,  carefully  controlling  the  differentia¬ 
tion  under  the  microscope.  Wash  and  dehydrate  in  graded  alcohols,  clear  in 
xylol  and  mount  in  balsam. 

A  simple  method  of  staining  Entamcebse.  (Marshall.) 

(1)  Make  smears  from  dysenteric  stools  and,  without  allowing  them  to  dry, 
transfer  rapidly  to  Schaudinn’s  fixing  fluid  (p.  523). 

(2)  Wash  in  graded  alcohols  and  finally  in  distilled  water. 

(3)  Stain  with  Ehrlich’s  haematoxylin  for  20  minutes.  (Dissolve  hema¬ 
toxylin,  2  parts,  in  60  parts  absolute  alcohol.  To  this  add  60  parts  of  glycerin 
and  60  parts  of  water,  both  of  which  are  previously  saturated  with  alum,  and 
3  parts  of  glacial  acetic  acid.  The  great  advantage  of  this  solution  is  that  it  does 
not  cause  overstaining  nearly  so  readily  as  do  some  of  the  other  haematoxylin 
preparations.  It  should  be  kept  exposed  to  the  light  for  three  or  four  weeks, 
and  then  carefully  filtered  before  being  used.  In  a  well-stoppered  bottle  it  will 
keep  for  years.) 

(4)  Wash  with  tap- water. 

(5)  Stain  with  carbol  fuchsin  as  for  tubercle  bacilli. 

(6)  Wash  with  tap- water. 

(7)  Differentiate  thoroughly  with  Sprengle’s  picric  acid  solution  (absolute 
alcohol  and  saturated  aqueous  solution  of  picric  acid  in  equal  parts)  for  3-5 
minutes,  changing  the  solution  3  or  4  times. 

(8)  Dehydrate  with  absolute  alcohol,  clear  with  xylol  and  mount  in  Canada 
balsam. 

Intra  vitam  staining.  This  is  useful  for  studying  fresh  preparations  of  enta¬ 
moeba,  ciliates,  and  flagellates.  A  suspension  of  the  infected  material  is  pre¬ 
pared  in  1-1,000  methylene  blue  (medicinal)  or  in  1-5,000  neutral  red  and  a 
hanging  drop  preparation  made. 

Czaplowski’s  stain  used  in  the  same  way  gives  excellent  results  with  bacteria 
(rub  up  1  grm.  basic  fuchsin  in  5  c.c.  liquefied  carbolic  acid,  add  glycerin  50  c.c. 
and  distilled  water  100  c.c.).  If  used  to  demonstrate  the  granules  of  diphtheria 
bacilli,  emulsify  a  small  portion  of  the  growth  from  a  culture  in  a  drop  of  the 
stain  and  press  a  cover-slip  on  to  the  emulsion.  Put  a  drop  of  5  per  cent  acetic  acid 
at  one  margin  of  the  cover-slip  and  draw  it  into  the  stain  by  means  of  filter  paper 
applied  on  the  opposite  side.  The  process  of  decolorization  should  be  watched 
while  the  specimen  is  under  the  microscope.  Only  the  granules  remain  stained. 

Intra  vitam  methods  of  staining  E.  histolytica.  Emulsify  a  loopful  of  the 
infected  fasces  in  neutral  red  solution  (1  part  of  neutral  red  in  10,000  parts  of 
0-85  per  cent  sodium  chloride  solution).  The  emulsion  is  examined  moist  and 
preferably  on  a  warm  stage.  In  such  a  preparation  the  vegetative  forms  of 
E.  histolytica  take  up  the  stain,  the  latter  diffusing  uniformly  through  the  endo¬ 
plasm  and  leaving  the  ectoplasm  unstained. 

According  to  Cuttler  and  Williamson  E.  coli  does  not  take  up  this  stain. 

A  method  for  rapid  fixation  and  staining  of  cysts  of  Entamcebae. 

(1)  Make  a  thin  smear  of  the  suspected  faeces  and  without  drying  fix  for 
30  seconds  over  osmic  acid  vapour  (1  per  cent  watery  solution  of  osmic  acid). 

(2)  Stain  with  a  1  in  200  watery  solution  of  haematoxylin  for  a  few  seconds 
and  cover  with  a  cover-slip,  draining  off  excess  of  stain  at  its  edges  with  blotting 
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paper.  The  cyst  walls  show  clearly,  and  in  the  brownish  cytoplasm  the  more 
deeply  stained  nuclei  are  readily  seen. 

Staining  of  trypanosomes.  These  may  be  stained  by  Leishman’s  or  by 
Giemsa’s  method. 

Alternative  method.  Stain  with  Giemsa  for  \  hour.  Rinse  in  water. 
Gram’s  iodine  for  1  minute.  Wash  in  water. 

Moore  and  Breinl’s  method.  Place  a  thin  layer  of  albumin  glycerin  on  the 
slide.  Spread  a  drop  of  blood  over  this  and  dip  the  slide,  while  still  wet,  into 
Fleming’s  solution  and  leave  for  5-10  minutes.  Wash  in  water  and  pass  the 
slide  through  alcohols  of  increasing  strength,  increasing  by  10  per  cent  at  a  time, 
to  absolute  alcohol.  Then  back  from  absolute  to  80  per  cent  alcohol  containing 
mdine  and  potassium  iodide.  Leave  the  slide  in  this  for  5-10  minutes  and  then 
bring  into  30  per  cent  alcohol.  Stain  with  aniline  safranin  (Babes)  for  J-2  hours. 
Wash  off  the  safranin  and  stain  with  polychrome  methylene  blue.  Wash  off  the 
methylene  blue.  Differentiate  with  Unna’s  orange  tannin  for  as  long  as  the  blue 
comes  out.  Bring  the  slide  up  through  alcohols,  as  above,  to  absolute  alcohol. 
The  film  is  now  red.  Dip  the  slide  into  aniline  oil  till  the  red  changes  to  a  purple 
blue.  Clear  in  xylol.  Mount  in  Canada  balsam. 

Instead  of  using  Babes  aniline  safranin  the  following  solution  may  be  used  : 

(1)  Concentrated  watery  solution  of  safranin. 

(2)  Concentrated  alcoholic  solution  of  safranin. 

Mix  1  and  2  in  equal  parts  and  add  pure  aniline  oil. 

time  and  allow  to  ripen  for  3-6  months. 

Polychrome  blue. 

Pure  medicinal  methylene  blue  (Ilochst) 

Distilled  water  ...... 

Sodium  carbonate  ...... 

Leave  in  incubator  to  ripen 

Liquid  paraffin  for  mounting  microscopical  preparations.  Romanowsky  and 
similar  stained  preparations  are  liable  to  lose  their  colour  when  mounted  in  cedar 
wood  oil  or  Canada  balsam  ;  in  liquid  paraffin  however  no  loss  of  colour  occurs. 
After  mounting  the  specimen  in  liquid  paraffin  the  cover-glass  should  be  fixed  in 
position  by  wax  or  gelatin. 

GENERAL  RULES  OF  PROCEDURE  FOR  THE  BACTERIOLOGICAL 
EXAMINATION  OF  MATERIAL. 

(1)  Make  smear  preparations,  fix  and  stain  by  simple  stains,  Gram’s  method, 
and  Ziehl-Neelsen’s  method. 

(2)  Inoculate  ordinary  and,  if  necessary,  special  media  and  note  the  characters 
of  the  growth  of  the  organism  obtained. 

(3)  Make  hanging  drop  preparation  and  test  for  motility,  preferably  from 
a  broth  culture. 

(4)  Prepare  smear  preparations  from  agar  culture  and  stain  as  in  1,  and  in 
addition  stain  for  capsules,  spores,  and  flagella  (if  motile). 

(5)  Inoculate  cultures  aerobically  and  anaerobically. 

(6)  Inoculate  gelatin  (stab)  and  blood  serum  to  note  presence  or  absence  of 
liquefaction. 

(7)  Test  the  biochemical  reactions  of  organisms  obtained,  by  inoculating  the 
sugars  and  litmus  milk. 

(8)  Inoculate  also  potato  media. 

,  (9)  Test  for  indol  (p.  521). 
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(10)  Test  for  reduction  of  nitrates  (p.  522). 

(11)  Carry  out  the  Voges-Proskauer  reaction  (p.  522). 

(12)  Ascertain  the  optimum  temperature  and  the  limits  of  temperature  for 
growth  of  organisms  isolated. 

(13)  Test  the  pathogenic  properties  by  animal  inoculation. 

Animal  inoculation.  The  animals  commonly  employed  are  mice,  rats,  guinea- 
pigs,  rabbits,  monkeys,  and  dogs. 

1.  Subcutaneous  inoculation.  Cut  the  hair  over  the  area  selected,  usually 
the  thigh,  and  apply  iodine  solution  to  sterilize  the  skin.  Raise  the  skin  between 
the  finger  and  thumb  and  insert  the  hypodermic  needle  into  the  subcutaneous 
tissue. 

2.  Intraperitoneal  inoculation.  Treat  the  abdominal  area  as  in  1,  and 
insert  the  needle  of  the  syringe  diagonally  into  the  peritoneal  cavity. 

3.  Intravenous  injection.  In  rabbits  the  auricular  vein  is  selected.  Cut 
the  hair  over  the  selected  vein  and  rub  the  skin  with  xylol.  Compress  between 
the  point  of  inoculation  and  the  heart  and  pass  the  needle  obliquely  into  the 
distended  vein.  In  monkeys  and  dogs  a  vein  in  the  leg  is  usually  employed. 
In  mice  the  tail  vein  is  used.  A  fine  needle  is  necessary.  The  mouse  is  placed 
in  a  corked  glass  receptacle,  such  as  a  lamp  chimney,  the  tail  being  drawn  out 
through  a  nick  in  the  cork.  This  renders  manipulation  easy.  A  drop  of  xylol 
placed  on  the  skin  makes  the  vein  more  visible. 

4.  Inoculation  into  the  anterior  chamber  of  the  eye.  Place  2-3  drops 
of  a  2  per  cent  solution  of  cocain  in  the  eye,  and  when  local  anaesthesia  is 
produced  separate  the  lids,  raise  the  orbital  conjunctiva  with  forceps  and  insert 
the  hypodermic  needle  at  the  cornea-scleral  junction.  This  method  of  inocu¬ 
lation  is  useful  for  suspected  rabic  material  (p.  602). 

5.  Intracranial  inoculation.  For  this  operation  the  cranium  is  trephined 
and  strict  asepsis  is  required. 

After  animals  are  inoculated,  they  should  be  kept  in  clean  cages  and  housed 
in  a  cool  apartment.  In  the  tropics  well  ventilated  mud-brick  buildings  will  be 
found  useful.  If  the  temperature  be  very  high  the  more  delicate  animals,  such 
as  rats  and  guinea-pigs,  can  be  transferred  with  advantage,  temporarily,  to 
rooms  containing  a  punkah  or  electric  fan. 

After  animal  inoculations  the  temperature  of  the  animal  should  be  taken 
daily  and  approximately  at  the  same  time  every  day.  This  is  carried  out  by 
inserting  the  thermometer,  previously  covered  with  vaselin,  into  the  rectum 
and  after  being  held  there  for  five  minutes  the  reading  is  taken. 

In  the  case  of  rats  inoculated  with  suspected  trypanosome  material,  blood 
for  examination  can  be  obtained  by  severing  the  tip  of  the  rat’s  tail. 

Temperatures  of  animals.  The  following  are  the  average  rectal  temperatures  : 
Rhesus  monkey  and  the  grey  monkey:  38-4°  C.  =  101T°  F.  (Varies  from 
94*8-104°  F.) 

Rabbit  :  39*2°  C.  -  102*5°  F.  (Varies  from  37*3-39*9°  C.) 

Dog  .*  38*6°  C.  =  101*5°  F.  (Varies  from  38*1-39*2°  C.) 

Sheep  :  40*0°  C.  =  104°  F.  (Varies  from  39*7-40*2°  C.) 

Cow  :  38*6°  C.  =  101*5°  F.  (Varies  from  37*5-39*4°  C.) 

Goat:  39*4°  C.  =  103°  F. 

Guinea-pig  :  38*7°  C.  =  101-7°  F.  (Varies  from  38*5-39*4°  C.) 

Cat  :  38*7°  C.  =  101*7°  F.  (Varies  from  37*9-39*7°  C.) 

Gerbil  :  37*3°  C.  =  99*1°  F. 

Fowl  .*  42*8°  C.  =  109*0°  F.  (Varies  from  41*7-43*9°  C.) 

Pigeon  :  40*9°  C.  =  105*6°  F.  (Varies  from  40*0-42*5°  C.) 
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CHAPTER  26 

THE  BLOOD 

Synopsis  :  The  blood,  p.  535  ;  Fallacies  and  puzzles  in  blood  examination,  p.  544  ; 
Methods  of  estimating  agglutinins  in  blood  serum,  p.  '547 ;  Method  of  determining  the 
opsonic  index,  p.  552  ;  Blood  cultures,  p.  553  ;  Wassermann  test,  p.  554  ;  Complement 
fixation  test  for  gonorrhoea,  p.  561  ;  Complement  fixation  test  for  schistosomiasis,  p.  562. 

Blood  examination  should  be  a  routine  procedure  in  all  clinical  investiga¬ 
tions  carried  out  in  the  tropics,  and  its  importance  cannot  be  over-estimated  for 
the  blood  picture  is  often  a  valuable  aid  to  diagnosis. 

EXAMINATION  OF  THE  BLOOD. 

Fresh  blood,  (a)  Unstained.  Take  a  drop  of  blood,  place  it  on  a  clean  slide, 
apply  a  cover-slip  and  ring  with  vaselin,  so  forming  a  hanging  drop  preparation. 
This  method  is  useful  for  studying  malarial  parasites,  trypanosomes,  micro¬ 
filariae,  etc. 

To  demonstrate  the  flagellated  bodies  in  malaria,  cut  a  window  in  a  piece  of 
blotting  paper  large  enough  to  fit  round  the  cover-slip,  apply  over  the  cover-slip 
and  moisten  the  blotting  paper. 

( b )  Stained.  Take  up  equal  portions  of  blood  and  0-85  per  cent  sodium 
chloride  solution  containing  1  per  cent  sodium  citrate  faintly  tinged  with  gentian 
violet  or  methyl  green,  place  a  drop  of  the  mixture  on  a  slide  and  make  a  hanging 
preparation. 

Fresh  blood  preparations  of  normal  blood  will  show  red  cells  averaging 
6-9  /ji.  in  diameter,  various  types  of  leucocytes,  blood  platelets,  and  blood  dust  or 
haemoconia  consisting  of  refractive  granules  showing  active  Brownian  move¬ 
ment.  After  the  preparation  has  been  standing  for  a  few  minutes  a  delicate 
network  of  fibrin  will  be  seen  spreading  through  the  film. 

Method  of  preparing  blood  films.  Preparations  on  slides  are  now  more  com¬ 
monly  used  than  those  on  cover-glasses,  the  blood  being  spread  on  the  slide  by 
means  of  a  needle  or  with  a  spreader  made  by  filing  off  the  corners  of  a  glass  slide  ; 
the  latter  produces  a  film  with  parallel  margins  which  do  not  extend  to  the  edge 
of  the  slide  and  so  is  serviceable  for  leucocyte  counts. 

Blood  is  obtained  from  the  dorsal  aspect  of  the  finger  near  the  base  of  the 
nail  or  may  be  taken  from  the  lobe  of  the  ear.  The  skin  is  cleansed  with  a  drop 
of  ether  and  then  with  alcohol,  and  when  dry  is  pricked  with  a  sharp-pointed 
needle.  The  first  drop  of  blood  is  wiped  off ;  when  the  drop  of  blood  again 
reaches  the  size  of  a  pin’s  head,  touch  it’ with  a  clean  slide  at  a  point  about  one- 
third  of  an  inch  from  the  end  of  the  slide,  then  lay  the  needle  or  the  spreader  in 
front  of  and  touching  the  drop  of  blood,  and  when  the  drop  extends  between 
the  needle  or  spreader  and  the  slide,  move  the  needle  or  spreader  steadily  along 
the  whole  length  of  the  slide  so  that  a  uniform  and  thin  film  is  produced.  If  the 
glass  spreader  be  used  it  should  be  held  at  an  angle  of  25°. 

For  cover-slip  preparations  take  up  a  small  drop  of  blood  on  a  clean  cover-slip, 
*  drop  the  cover-slip  on  a  second  one,  and  as  soon  as  the  blood  runs  out  in  a  film 
draw  the  two  cover-slips  apart  in  a  parallel  plane. 

Fixing  and  staining  of  blood  films.  When  the  films  are  dry  they  may  be  fixed 
in  methyl  alcohol  for  5  minutes  or  in  absolute  alcohol  for  10  minutes  or  equal 
parts  of  alcohol  and  ether  1 0  minutes  and  then  allowed  to  dry,  after  which  they  are 
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stained  by  Giemsa’s  solution  (p.  530),  or  they  may  be  fixed  and  stained  simul¬ 
taneously  with  Leishman’s  solution  (p.  529).  The  blood  film  may  also  be  fixed 
over  the  vapour  of  osmic  acid  (1  per  cent)  for  30  seconds,  placed  in  absolute 
alcohol  for  5  minutes,  and  stained  by  Leishman’s  or  Giemsa’s  solution. 

Preparation  of  thick  blood  films.  These  are  useful  for  demonstrating  para¬ 
sites  (malarial,  trypanosomes,  microfilaria  and  spirochetes)  when  present  in 
small  numbers. 

After  the  thick  smear  has  been  prepared  thorough  drying  in  the  incubator  for 
1  hour  is  necessary  before  dehsemoglobinizing  it  either  with  acid  alcohol  or  acid 
formalin. 

The  modification  of  James’s  method  for  thick  films  gives  good  results  (p.  531). 
To  prepare  a  large  number  of  blood  films.  Heat  a  pipette  in  a  flame,  draw 
up  some  melted  paraffin  into  it,  blowing  it  out  at  once  ;  this  leaves  a  thin 
coating  inside  the  pipette  which  prevents  clotting.  Dip  a  slide  into  melted 
paraffin  ;  withdraw  it  and  let  it  cool.  Prick  the  patient 4s  ear  or  finger,  draw 
the  blood  into  the  pipette  and  blow  it  out  on  to  the  slide.  It  lies  there  unclotted 
and  can  be  used  for  spreading  several  dozen  slides. 

Estimation  of  haemoglobin.  The  method  of  von  Fleischl  gives  accurate 
results.  The  apparatus  consists  of  a  capillary  pipette  and  a  haemometer  com¬ 
posed  of  a  cylinder  divided  longitudinally  into  two  compartments,  fitting  on  to 
a  stage  illuminated  by  a  gas,  oil  or  candle  lamp  ;  one  compartment  is  filled  with 
laked  blood  and  the  other  with  water.  Under  the  latter  compartment  is  a  wedge 
of  glass  coloured  with  Cassin’s  golden  purple,  which  is  moved  horizontally  by 
a  rack  and  pinion.  The  instrument  is  employed  thus  :  Blood  is  obtained  from 
the  finger  and  washed  from  the  pipette  into  the  proper  compartment  of  the  tube, 
and  is  then  mixed  with  water.  Both  compartments  are  now  filled  with  water 
and  the  glass  wedge  is  moved  till  the  two  portions  of  the  field  show  an  equal 
intensity  in  colour.  The  number  indicated  on  the  scale  is  read  off,  and  this 
represents  the  percentage  of  haemoglobin.  The  best  results  are  furnished  by 
making  three  successive  observations  and  taking  the  mean  of  the  figures 
obtained. 

Estimation  of  the  colour  index.  The  colour  index  represents  the  amount  of 
the  haemoglobin  complement  per  red  corpuscle.  It  is  obtained  by  dividing  the 
percentage  of  haemoglobin  by  the  percentage  number  of  red  cells,  assuming  that 
normal  blood  contains  5  million  red  cells  per  c.mm.  In  normal  blood  the  colour 
index  is  approximately  1. 

Estimation  of  the  alkalinity  of  the  blood  (Rigler).  I.  Place  a  quantity  of  blood 
in  a  flask  containing  10  c.c.  absolute  alcohol,  weighing  the  flask  before  and  after 
the  addition  of  the  blood  so  as  to  obtain  the  weight  of  the  blood  added.  Set 
aside  for  30  minutes  and  then  add  10  c.c.  distilled  water  ;  shake  and  set  aside 
for  another  30  minutes.  Add  drop  by  drop  dilute  sulphuric  acid  from  a  burette, 
testing  the  reaction  with  red  litmus  paper  after  each  drop.  When  the  paper 
ceases  to  become  blue  the  blood  alcoholic  solution  is  neutralized,  and  by 
estimating  the  quantity  of  the  acid  employed  the  alkalinity  of  the  blood  is 
readily  ascertained. 

II.  A.  Make  a  series  of  dilutions  of  decinormal  sulphuric  acid  in  distilled 
water  in  separate  watch  glasses  : 

1  vol.  N/10  acid  4-  1  vol  of  distilled  water  =  N/20 

1  „  N/10  ,,  +  2  vols.  „  „  =  N/30 

1  5?  N/10  ,,  +3  ,,  ,,  =  N/40 

1  N/10  ,,  +4  ,,  ,,  ,,  =  N/50 
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B.  Take  in  a  clean  pipette,  1  vol.  of  blood  serum  and  1  vol.  of  N/20  acid, 
blow  both  volumes  out  on  to  a  clean  slide  and  mix  thoroughly  by  drawing  in 
and  out  of  the  pipette.  Then  take  a  sample  of  the  mixture  and  test  its  reaction 
on  red  litmus  paper. 

If  no  alkaline  reaction  appears,  repeat  this  procedure  with  N/30,  N/40, 
and  N/50  acid,  until  the  neutral  point  is  determined. 

The  degree  of  alkalinity  of  the  blood  is  expressed  in  terms  of  the  dilution 
of  acid  required  to  neutralize  the  alkali  present,  e.  g.,  as  equal  to  N/30,  N/35, 
N/40,  etc. 

Normal  alkalinity  about  N /35. 

A  vegetable  diet  increases  the  alkalinity  of  the  blood. 

Estimation  of  the  specific  gravity  of  the  blood.  Prepare  a  mixture  of  chloro¬ 
form  and  benzol  of  a  specific  gravity  of  1055-1060.  Allow  a  drop  of  blood  to 
fall  into  this  from  a  pipette.  If  the  drop  sinks  more  chloroform  must  be  added 
to  the  mixture,  if  the  drop  floats  benzol  should  be  added.  When  the  drop  neither 
sinks  nor  rises  to  the  surface  the  mixture  has  the  same  specific  gravity  as  the 
blood.  The  specific  gravity  of  the  mixture  can  then  be  estimated  by  means  of 
a  urinometer. 

The  normal  average  specific  gravity  for  men  is  1059,  for  women  1056,  varying 
in  proportion  to  the  amount  of  haemoglobin  in  the  blood. 

The  specific  gravity  of  the  blood  may  also  be  estimated  by  dropping  blood 
into  a  series  of  tubes  containing  fluid  of  known  specific  gravity.  The  best 
mixture  for  this  purpose  is  castor  oil  and  oil  of  wintergreen  as  evaporation  does 
not  then  take  place  and  the  tubes  can  be  kept  ready  for  use  during  long  periods. 
The  tubes  should  be  prepared  with  a  range  of  specific  gravities  from  1040  to 
1076,  every  other  degree  being  represented.  The  blood  is  of  the  same  specific 
gravity  as  the  fluid  in  the  tube  in  which  the  drop  just  floats. 

Estimation  of  the  coagulation  time  of  the  blood  (Wright).  Blood  is  obtained 
from  the  patient’s  finger  and  sucked  into  a  series  of  capillary  pipettes  of  the 
same  calibre  and  marked  to  indicate  a  capacity  of  5  c.mm.  An  elastic  band  is 
then  stretched  over  the  ends  of  the  tubes  to  prevent  water  entering,  and  the 
tubes  are  placed  in  a  water  bath  at  37°  C.  Three,  four  or  more  capillary  tubes 
are  prepared  in  the  same  way,  each  being  numbered,  and  the  time  of  filling 
taken.  At  the  end  of  3  minutes  the  first  tube  is  taken  out  and  the  blood  in  it 
blown  out.  At  the  end  of  3J  minutes  the  second  tube  is  treated  in  the  same 
way  and  so  on  at  the  end  of  each  half  minute.  The  tube  from  which  the 
blood  fails  to  be  expelled  by  blowing  is  the  tube  representing  the  coagulation 
time. 

In  health  the  normal  coagulation  time  is  about  3J  minutes. 

The  coagulation  time  is  diminished  in  certain  anaemias  and  in  kala  azar. 

Estimation  of  the  tonicity  of  the  blood.  This  is  measured  by  the  strength 
of  saline  solution  which,  when  added  to  blood,  is  just  sufficient  to  prevent  the 
solution  of  the  haemoglobin  from  the  corpuscles.  Such  a  solution  is  termed 
isotonic.  Place  in  small  glass  tubes  a  series  of  varying  weak  dilutions  of  normal 
saline  solution  (0-87  per  cent),  the  dilutions  differing  in  strength  by  -02  per  cent. 
Add  to  each  tube  a  drop  of  blood,  shake  and  allow  to  stand  ;  the  weakest  saline 
dilution  that  fails  to  cause  solution  of  the  haemoglobin  represents  the  tonicity 
of  the  blood  tested.  Normally  it  is  0-46  to  0-48  per  cent. 

A  lowering  of  the  tonicity  of  the  blood  precedes  a  haemolytic  attack  and  is 
always  present  in  black-water  fever.  The  test,  therefore,  from  the  point  of 
view  of  the  tropical  practitioner,  is  an  important  one.  Individuals  possessing 
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a  low  degree  of  blood  tonicity  should  not  reside  in  districts  where  black- water 
fever  is  prevalent. 

Haemin  test  for  bloodstains  (Beam  and  Freak).  A  useful  method  in  tropical 
countries.  Place  the  suspected  bloodstained  material  in  a  thoroughly  clean 
and  dry  tube  about  6  by  35  mm.  long  and  add  to  it  a  few  drops  of  acetic  acid 
containing  0  01  to  01  per  cent  sodium  chloride.  Then  adjust  a  fine  cotton 
thread  (obtained  by  untwisting  one  of  the  cords  of  No.  80  six-cord  sewing 
cotton),  so  that  its  upper  end  is  near  the  top  of  the  tube,  and  its  lower  end 
reaches  to  the  bottom  of  the  acetic  acid  liquid,  while  the  intermediate  portion 
of  the  thread  is  kept  in  contact  with  the  side  of  the  tube  by  moistening  it  with 
the  liquid.  Set  aside  in  a  rack  in  the  upright  position  for  12-24  hours. 

The  liquid,  filtered  by  its  passage  along  the  thread,  is  slowly  drawn  up  by 
capillary  action  to  the  mouth  of  the  tube.  Evaporation  occurs  and  haemin 
crystals  begin  to  appear  near  the  upper  half  of  the  thread  ;  these  are  of  sufficient 
size  to  be  distinguished  with  a  power  of  75  diameters  in  about  an  hour  and 
ultimately  become  so  large  that  they  may  be  seen  with  a  hand  lens.  The  crystals 
are  best  viewed  against  a  dull  white  background. 

BLOOD  ELEMENTS. 

Blood  platelets.  Little  is  known  regarding  their  origin.  They  appear  in 
fresh  blood  as  colourless  refractile  bodies  about  1  to  3 1  in  diameter.  In  normal 
blood  they  average  300,000  per  c.mm.,  though  their  number  varies  greatly. 
They  are  diminished  in  numbers  in  infectious  diseases,  and  are  increased  in 
septic  inflammatory  conditions.  They  can  be  estimated  by  allowing  a  drop 
of  blood  while  flowing  to  mix  with  0-9  per  cent  aqueous  solution  of  sodium 
chloride  containing  a  few  drops  of  methyl  violet ;  a  drop  of  the  mixture  is  placed 
on  a  slide,  covered  with  a  cover-slip  and  the  ratio  of  blood  platelets  to  red  cells 
determined. 

Heemoconia,  or  blood  dust,  is  found  in  normal  and  pathological  blood,  and 
consists  of  colourless  refractile  bodies  showing  Brownian  movement.  They 
probably  represent  extruded  leucocyte  granules. 

Erythrocytes.  The  normal  red  cell  is  a  round  or  almost  round  biconcave 
disk  measuring  about  7-5/x  in  diameter.  In  the  average  healthy  adult  male 
there  should  be  6  millions  per  c.mm.  and  in  the  healthy  adult  female  5  J  millions 
per  c.mm.  An  abnormal  small  red  cell — 3-6gin  diameter — is  called  a  microcyte, 
a  large  one — 10-20/x — is  known  as  a  macrocyte,  and  when  a  red  cell  is  dis¬ 
torted  in  shape  it  is  termed  a  poikilocyte.  Microcytes  and  macrocytes  occur 
in  anaemias.  Red  cells  are  oxyphilic — staining  with  acid  dyes — in  other 
words,  they  take  up  the  eosin  of  Romanowsky  stains.  Shadow  cells  are  red 
cells  which  stain  faintly  with  eosin  and  appear  as  pale  coloured  cells ;  they  are 
often  seen  in  chronic  malaria  and  in  severe  anaemias. 

P oly chromasia.  In  stained  preparations  red  cells  showing  a  bluish  tint 
may  be  seen,  particularly  when  there  is  any  blood  destruction. 

P oly chromatophilia.  Granular  degeneration  of  the  red  cells  is  sometimes 
seen  in  malarial  cachexia,  the  severe  anaemias,  leukaemias,  and  in  lead  poisoning. 

Nucleated  red  cells,  or  erythroblasts,  exist  normally  in  the  bone  marrow  and 
their  presence  in  the  peripheral  circulation  is  of  pathological  importance.  They 
are  mainly  of  two  kinds  :  the  normoblast,  which  is  equal  in  diameter  to  a  red 
cell  and  possesses  a  single  deeply  and  evenly  staining  nucleus  which  fills  the 
greater  part  of  the  cell  ;  and  the  megaloblast,  larger  than  the  normoblast 
with  a  faintly  stained  and  often  stippled  nucleus,  and  a  cytoplasm  showing 
polychromatophilic  degeneration.  Normoblasts  are  usually  present  in  the 
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blood  of  infants  shortly  after  birth,  but  gradually  diminish  in  number  and  are 
usually  absent  when  the  child  is  a  week  old.  They  are  found  in  the  peripheral 
circulation  in  secondary  anaemias,  pernicious  anaemia,  and  leukaemia,  and  after 
severe  haemorrhages.  Megaloblasts  occur  in  pernicious  anaemia,  leukaemia, 
and  in  the  anaemias  of  childhood  and  in  Bothriocephalus  anaemia. 

Increase  in  number  of  the  red  cells,  or  polycythacmia,  occurs  as  the  result  of 
starvation,  in  those  living  at  high  altitudes,  in  patients  suffering  from  profuse 
diarrhoea,  congenital  heart  disease,  cardiac  failure,  splenic  polycythaemia 
(Osier’s  disease),  and  in  Addison’s  disease. 

Polycythaemia  is  usually  accompanied  by  an  increase  in  the  haemoglobin 
percentage. 

Oligocythsemia,  or  diminution  in  the  number  of  red  blood  cells,  is  usually 
associated  with  a  decrease  in  the  percentage  of  haemoglobin  and  occurs  after 
haemorrhage,  in  the  cachexias  of  syphilis,  tuberculosis,  and  carcinoma  and  in 
metallic  poisoning — arsenic,  lead,  or  antimony. 

Leucocytes.  The  average  leucocyte  count  in  health  is  about  7,000  per  c.mm., 
the  physiological  variation  being  between  5,500  and  9,000  per  c.mm.  For 
general  purposes  it  may  be  stated  that  the  proportion  of  white  to  red  cells  is 
1  to  700.  Seen  in  the  fresh  blood  leucocytes  appear  as  colourless  retractile  cells 
varying  in  size  and  in  the  characters  of  their  nuclei  and  cytoplasm  and  in  their 
amoeboid  movements.  In  view  of  their  phagocytic  properties  they  play  an 
important  part  in  protecting  the  body  against  disease. 

Classification.  This  classification  is  based  on  the  structural  characters  of 
the  leucocytes  seen  in  Romanowsky  stained  films.  As  found  in  the  circulating 
blood  they  may  be  classified  as  follows  : 

1.  Polymorphonuclear  neutrophil  leucocytes  (Plate  XXI,  figs.  1  and  7). 
These  have  an  average  diameter  of  llg.  They  possess  a  lobulated  and  often 
convoluted  nucleus  rich  in  chromatin.  The  cytoplasm  contains  numerous 
lilac  coloured  or  neutrophil  granules.  These  cells  are  actively  phagocytic 
and  amoeboid,  and  in  suppurative  conditions  their  cytoplasm  often  shows  the 
presence  of  iodophilic  or  glycogen  granules.1 

2.  Eosinophil  leucocytes  (Plate  XXI,  figs.  6  and  12),  as  a  rule,  are  a  little 
larger  than  the  polymorphonuclear  neutrophil  leucocyte,  and  are  characterized 
by  having  coarse  rounded  eosin  or  pink  staining  granules  in  the  cytoplasm  and 
by  possessing  a  bilobed  or  trilobed  nucleus  which  distinguishes  them  from 
the  eosinophil  myelocyte,  which  has  a  more  or  less  rounded  nucleus. 

3.  Basophil  leucocytes,  or  mast  cells  (Plate  XXI,  fig.  13),  are  about  the  same 
size  as  the  neutrophil  leucocytes,  but  are  characterized  by  having  a  nucleus 
poor  in  chromatin  and  often  trilobed,  and  their  cytoplasm  containing  numerous 
bluish  violet  or  basophil  granules. 

4.  Small  lymphocytes  (Plate  XXI,  figs.  2  and  8)  have  a  diameter  about 
equal  to  that  of  a  red  cell  and  possess  a  deeply  stained,  round  or  slightly 
indented  nucleus  with  a  thin  rim  of  cytoplasm,  sometimes  containing  azure 
granules. 

5.  Large  lymphocytes  (Plate  XXI,  figs.  3  and  9)  are  of  the  same  type  as 
the  small  lymphocytes,  but  are  larger  and  possess  a  relatively  more  abundant 

1  Iodophil  or  glycogen  reaction.  Prepare  a  blood  film  on  a  cover-slip  and  allow  to 
dry  in  the  air  ;  then  mount  in  the  following  solution  :  Iodine  1  grm.,  potassium  iodide  3  grm., 
distilled  water  100  c.c.,  gum  acacia  sufficient  to  make  a  mixture  of  the  consistence  of  Farrant’s 
solution.  Examine  with  oil  immersion  lens.  The  presence  of  minute  brown  or  coarse  purple- 
brown  granules  in  the  polynuclear  neutrophil  leucocytes  constitutes  iodophil  reaction.  A 
positive  reaction  occurs  in  suppurative  and  other  conditions.  A  negative  reaction  is  of  value 
as* it  usually  indicates  the  absence  of  pus. 
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and  less  intensely  staining  cytoplasm  which  sometimes  contains  azure  granules. 
The  nucleus  is  usually  central  in  position  and  rounded  or  indented,  it  does  not 
stain  so  intensely  as  the  nucleus  of  the  small  lymphocyte.  These  cells  are 
common  in  the  blood  of  children. 

6.  Large  mononuclear  leucocytes  (Plate  XXI,  figs.  5  and  11),  known  also 
as  splenocytes  or  large  hyaline  leucocytes,  possess  a  nucleus,  often  eccentric 
and  irregular  in  outline,  which  does  not  stain  as  richly  as  the  nucleus  of  the 
lymphocyte,  and  indeed  has  a  washed  out  appearance.  The  cytoplasm  is 
abundant,  does  not  stain  intensely  and  lacks  the  clear  glassy  appearance  of 
the  cytoplasm  of  the  large  lymphocyte.  Azure  granules  are  frequently  present 
in  its  cytoplasm.  This  is  the  type  of  cell  that  frequently  phagocytes  malarial 
pigment. 

7.  Transitional  leucocytes  (Plate  XXI,  figs.  4  and  10).  These  should  be 
looked  upon  as  a  variety  of  large  mononuclear  leucocyte  and  in  a  differential 
count  both  should  be  grouped  together.  They  resemble  the  latter  but  differ 
in  possessing  a  horseshoe  shaped  nucleus  which  is  often  faintly  stained. 

Proportions  of  leucocytes  in  normal  blood.  The  jwoportions  of  the  different 
leucocytes  varies,  but  the  following  limits  are  physiological  : 


(1)  Polymorphonuclear  leucocytes 

(2)  Eosinophil  leucocytes 

(3)  Basophil  leucocytes 

(4)  Small  lymphocytes 

(5)  Large  lymphocytes 

(6)  Large  mononuclears 

(7)  Transitionals  . 


per  cent . 

65-70 

2-4 
i  i 

4  2 

20-30 

2-6 

1-2 

2-4 


Pathological  leucocytes  found  in  the  circulating  blood. 

1.  Myelocytes.  Normally  present  in  bone  marrow  they  are  sometimes  found 

in  the  peripheral  blood.  There  are  three  varieties  :  ( a )  Neutrophil  myelocytes, 
about  15-20  x  in  diameter,  which  resemble  a  large  mononuclear  leucocyte 
with  neutrophil  granules.  The  nucleus  may  be  round  or  indented  and  often 
stains  feebly  (Plate  XXI,  fig.  15).  ( b )  Eosinophil  myelocytes,  similar  to  the 

neutrophil  myelocyte  but  possessing  coarse  eosinophil  granules.  They  occur 
chiefly  in  myeloid  leukaemia  (Plate  XXI,  fig  16).  ( c )  Basophil  myelocytes  which 

often  possess  a  small  nucleus  ;  the  cytoplasm  is  packed  with  basophil  granules 
(Plate  XXI,  fig.  17). 

2.  Plasma  cells,  or  the  irritation  cells  of  Turck,  are  characterized  by  having 
an  eccentrically  placed  nucleus  and  a  dark  blue  or  basophil  cytoplasm  which 
is  often  granular  and  vacuolated.  They  exist  in  small  numbers  in  the  connective 
tissue  and  in  the  bone  marrow,  spleen,  and  lymphatic  glands  and  are  usually 
present  in  large  numbers  in  granulomata.  They  apparently  occur  in  the 
circulation  as  the  result  of  stimulation  of  the  bone  marrow  and  are  seen  in 
leucocythsemia  and  in  certain  types  of  infantile  anaemia ;  they  are  best  demon¬ 
strated  by  Pappenheim’s  staining  method  (p.  619).  In  blood  films  they  are 
usually  recorded  as  mononuclears. 

3.  Endothelial  cells,  or  portions  of  them,  are  very  occasionally  found 
in  blood  films,  more  especially  in  cases  of  profound  anaemia  as  in  the  late  stages 
of  kala  azar.  They  represent  the  lining  cells  of  capillaries  and  appear  as  flattened 
cells  with  a  central  nucleus  showing  a  well  marked  network. 

4.  Myeloblasts  are  large  cells  with  round  nuclei  which  occupy  the  greater 
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Leucocytes  in  Normal  and  Abnormal  Blood. 

1-13.  Leucocytes  found  in  normal  blood.  (Gaducheau’s  stain.) 

15-17.  Leucocytes  in  myelogenous  leukaemia.  (Leishman’s  stain.) 

(1)  &  (7)  Polymorphonuclear  leucocytes. 

(2)  &  (8)  Small  lymphocytes. 

(3)  &  (9)  Large  lymphocytes. 

(4)  &  (10)  Transitional  leucocytes. 

(5)  k  (11)  Large  mononuclear  leucocytes.  (5)  A  type  of  large  mononuclear 

frequently  present  in  post  malarial  blood. 


(6)  k  (12) 

Coarsety  granular  eosinophil  leucocytes. 

(13) 

Basophil  leucocyte.  (Mast  cell. ) 

(14) 

Normal  red  cell  with  blood  platelets. 

(15) 

Neutrophil  myelocyte. 

(16) 

Eosinophil  myelocyte. 

(17) 


Basophil  myelocyte. 
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part  of  the  cell,  while  the  cytoplasm  is  non-granular  and  intensely  basophil. 
These  cells  are  the  parent  cells  of  the  myelocytes  and  are  often  present  in 
myeloid  leukaemia. 

ESTIMATION  OF  THE  NUMBER  OF  RED  CELLS  AND  LEUCOCYTES. 

The  Thoma-Zeiss  method  and  Strong’s  method  are  commonly  employed. 
The  former  gives  satisfactory  results  and  is  the  only  one  which  need  be  described. 
The  necessary  apparatus  consists  of  : 

(1)  Two  pipettes,  one  for  estimating  the  red  cells  (marked  101),  graduated 
so  as  to  give  a  dilution  of  either  1  in  100  or  1  in  200  ;  and  the  other  for  estimating 
the  leucocytes  (marked  11),  graduated  so  as  to  give  a  dilution  of  1  in  10,  or  1  in  20. 
(2)  Diluting  fluid.  (3)  A  haemocytometer. 

To  estimate  the  number  of  red  cells  per  cubic  millimetre  (a)  obtain  a  large 
drop  of  blood  from  the  patient’s  ear  or  finger  and  slowly  draw  up  a  column 
of  blood  in  the  capillary  pipette  (marked  101)  either  to  the  mark  0-5  (giving 
a  dilution  of  1  in  200)  or  the  mark  1  (giving  a  dilution  of  1  in  100).  Avoid 
manipulation  of,  or  pressure  on,  the  part  from  which  the  blood  is  obtained. 

( b )  Wipe  the  end  of  the  pipette  and  by  suction  draw  up  Toisson’s  diluting  fluid 
to  the  mark  101.  Toisson’s  fluid  has  the  following  composition  :  methyl  violet 
0-25  grm.,  neutral  glycerin  30  c.c.,  distilled  water  80  c.c.,  and  to  this  is  added 
sodium  chloride  1  grm.,  sodium  sulphate  8  grm.,  distilled  water  80  c.c.  Filter 
the  mixture,  (c)  Rotate  the  tube  vigorously  till  blood  and  fluid  are  thoroughly 
mixed,  (cl)  Blow  out  the  fluid  in  the  pipette  below  the  bulb,  as  it  only  contains 
diluting  fluid.  ( e )  Gently  blow  out  a  drop  of  the  diluted  blood  sufficient  to  cover 
the  ruled  disk  of  the  haemocytometer  slide  and  apply  quickly  but  gently  the 
special  cover-glass  over  the  drop,  adjusting  it  by  a  sliding  movement.  If 
a  Blirker  haemocytometer  is  employed  the  cover-slip  is  applied  first  and  the 
diluted  blood  is  then  run  in  by  capillary  action.  With  this  counting  chamber 
the  large  squares  are  equal  in  area  to  sixteen  small  squares  on  the  Thoma-Zeiss 
slide.  (/)  Allow  the  slide  to  stand  for  a  few  minutes,  so  that  the  blood  cells 
may  settle  down  before  examination.  If  the  technique  has  been  properly 
carried  out  the  preparation  should  have  no  air  bubbles  and  when  held  up  to 
the  light  in  a  slanting  direction  Newton’s  rings  should  be  seen.  ( g )  Then  with 
a  -J-  inch  objective  proceed  to  count  the  numbers  of  red  cells  lying  on  three  sets 
of  sixteen  squares. 

To  calculate  the  number  of  red  cells  to  the  cubic  millimetre  of  blood  it 
should  be  remembered  that  the  size  of  each  square  is  o  °f  a  cubic  millimetre. 
If  the  number  of  corpuscles  counted  be  X,  then  the  formula  for  calculation 
X 

will  be  —  multiplied  by  4,000,  multiplied  by  the  degree  of  dilution  ;  the  result 
48 

represents  the  number  of  red  blood  cells  per  cubic  millimetre  of  blood.  If 
five  sets  of  sixteen  squares  be  counted  and  the  dilution  of  the  blood  is  1  in  200, 
add  four  noughts  to  the  number  of  red  cells  counted  and  this  gives  the  total 
number  of  red  cells  per  c.mm. 

The  normal  number  of  red  cells  in  a  healthy  adult  is  6  million  per  c.mm. 

For  the  estimation  of  the  white  cells,  or  leucocytes,  the  same  procedure  is 
adopted,  using  the  leucocyte  pipette  (marked  11).  (a)  Suck  up  an  unbroken 

column  of  blood  to  the  mark  0-5  and  wipe  the  end  carefully.  ( b )  Suck  up 
diluting  fluid  to  the  point  marked  11  ;  this  gives  a  dilution  of  1  in  20.  The 
diluting  fluid  consists  of  glacial  acetic  acid  1  c.c.,  water  100  c.c.,  and  sufficient 
gentian  violet  to  give  the  mixture  a  colour.  ( c )  Mix  thoroughly  by  rotating  the 
pipette  for  two  or  three  minutes.  ( d )  Make  a  preparation  as  for  the  red  blood 
cell  count  and  count  sixteen  sets  of  sixteen  squares.  If  X  be  the  number  of 
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white  cells  counted,  the  formula  for  calculation  will  be 


X 

256 


multiplied  by  4,000, 


multiplied  by  the  dilution  ;  the  result  will  give  the  number  of  leucocytes  per 
c.mm.  of  blood. 

Method  of  cleaning  apparatus  used  in  blood  counts.  After  use  the  haemo- 
cytometer  slide  and  cover-slip  should  be  cleaned  with  soap  and  water  and  dried 
with  a  soft  rag.  Neither  heat,  alcohol  nor  xylol  should  be  used.  The  pipettes 
are  cleaned  by  sucking  up  acid  alcohol  (1  per  cent  hydrochloric  acid)  and  are 
then  dehydrated  with  alcohol  and  ether. 

Leishman’s  method  of  counting  white  blood  cells. 

1.  Prepare  a  5  c.mm.  pipette  by  drawing  into  a  fine  capillary  pipette  5  c.mm. 
of  mercury  (67-5  mg.)  and  mark  the  upper  limit  of  the  mercury  in  the  pipette. 

2.  Prepare  a  counting  cover  by  dropping  on  to  a  clean  cover-glass  a  drop 
of  Leishman’s  stain  and  allowing  it  to  dry  as  a  thin  film.  Draw  on  the  film 
a  series  of  parallel  lines,  close  together,  so  that  two  adjacent  lines  can  be  seen 
at  the  same  time  in  the  field  of  a  §  objective. 

3.  Prepare  a  dilution  of  the  blood  in  water  by  putting  1  c.c.  distilled 
water  in  a  watch  glass  and  adding  to  it  5  c.mm.  of  blood  measured  by  means 
of  the  pipette  prepared  as  above.  Mix  thoroughly. 

4.  Take  5  c.mm.  of  the  diluted  blood  and  place  on  a  clean  slide  in  the  form 
of  an  oval  drop,  make  three  to  four  such  specimens.  Allow  to  dry  and  stain 
with  Leishman’s  stain. 

5.  Place  a  drop  of  cedar  oil  over  the  stained  drop  of  blood  and  cover  with 
the  ruled  cover-slip. 

6.  Examine  with  a  two-thirds  objective,  starting  at  one  end  of  the  drop, 
and  count  all  the  white  blood  cells  in  the  film  moving  up  and  down  columns 
outlined  by  the  parallel  marks  on  the  cover- slip.  Two  such  slides  should  be 
counted. 

The  total  number  of  white  blood  cells  counted  multiplied  by  40  gives  the 
number  of  white  blood  cells  per  c.mm.  of  blood. 

This  method  is  of  use  when  a  hasmocytometer  is  not  available  or  when  it 
is  desired  to  transmit  specimens  to  be  counted  at  a  distant  laboratory. 


VARIATION  IN  THE  NUMBER  OF  LEUCOCYTES. 

Diminution  or  leucopenia.  (a)  Physiological,  occurs  as  a  temporary 
condition  following  the  effects  of  hot  or  cold  baths  or  prolonged  exposure  to 
cold.  ( b )  Pathological:  (1)  In  certain  fevers:  typhoid,  influenza,  measles, 
dengue,  malaria  (apyrexial  period),  kala  azar,  trypanosomiasis,  and  in  tuber¬ 
culosis.  (2)  In  certain  blood  diseases  :  pernicious  anaemia,  splenic  anaemia, 
and  Banti’s  disease.  (3)  In  chronic  alcoholic  and  arsenic  poisoning.  (4)  In 
starvation  and  malnutrition.  A  transient  leucopenia  follows  shock  and  trauma. 

In  most  of  these  conditions  the  diminution  affects  the  polymorphonuclear 
leucocytes.  If  the  leucocyte  count  falls  to  5,000  per  c.mm.  a  moderate  degree 
of  leucopenia  is  present  ;  whereas  a  count  of  2,000  represents  a  severe  leucopenia. 

Diminution  or  absence  of  eosinophils  occurs  in  kala  azar  and  at  the  onset 
of  certain  acute  fevers. 

Increase  or  leucocytosis.  (a)  Physiological.  Occurs  :  (1)  In  infancy  and 
up  to  the  end  of  the  twelfth  month.  (2)  During  pregnancy.  (3)  After  the 
ingestion  of  food  leucocytosis  reaches  its  maximum  about  four  hours  after 
a  full  meal.  (4)  After  exercise  and  profuse  sweating,  electrical  stimulation 
and  emotional  conditions.  (5)  As  a  terminal  leucocytosis  shortly  before  death. 
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( b )  Pathological. 

Polymorphonuclear  leucocytosis  occurs  :  (a)  In  septic  inflammatory  con¬ 
ditions,  when  80-90  per  cent  or  more  of  polymorphonuclear  cells  are  present. 
Such  a  percentage  is  of  diagnostic  importance  indicating  the  presence  of  an 
inflammatory  condition.  In  such  cases  it  is  advisable  to  carry  out  also  the 
glycogen  reaction  (p.  539)  as  a  positive  reaction  will,  in  many  cases,  indicate  the 
presence  of  suppuration,  (b)  In  most  fevers  (spirochaetal  relapsing  fever, 
typhus,  plague,  etc.)  with  the  exception  of  typhoid,  malaria,  undulant  fever, 
dengue,  influenza,  mumps,  rose  measles  (rotheln),  and  measles,  (c)  In  malignant 
disease,  but  this  is  by  no  means  constant,  (cl)  After  hiemorrhage.  ( e )  In  certain 
toxic  conditions  affecting  the  liver  (acute  yellow  atrophy  and  cirrhosis  of  the 
liver),  in  gout  and  rickets.  (/)  After  ingestion  of  certain  drugs,  such  as  quinine, 
salicylates,  antipyrin,  and  after  injections  of  antitoxic  serums  and  organic 
extracts. 

Counts  of  12,000  or  more  white  cells  per  c.mm.  should  be  regarded  as 
indicating  a  leucocytosis. 

The  Arneth  index.  Arnetli  divided  the  polymorphonuclear  leucocytes  into 
five  classes  according  to  the  number  of  segments  present  in  their  nuclei ;  those 
possessing  one  or  two  nuclear  nodes  were  considered  to  be  immature  and  to  pos¬ 
sess  less  phagocytic  power  than  those  with  three  or  more  nuclear  nodes.  A  high 
percentage  of  the  immature  cells  was  considered  an  unfavourable  prognostic  sign. 

To  obtain  the  index  the.  cells  are  graded  from  left  to  right  I,  II,  III,  IV,  V, 
according  to  the  number  of  their  nuclear  segments  and  the  percentages  of 
cells  showing  one  or  two  lobes  are  added  to  one  half  the  percentage  of  those 
with  three  lobes.  When  the  percentage  is  displaced  to  the  left  it  indicates  an 
increase  of  the  immature  cells,  the  older  cells  of  classes  IV  and  V  having  been 
killed  off.  This  point,  however,  is  still  open  to  question  and  the  value  of  the 
index  is  dubious.  In  normal  conditions  the  distribution  would  be  as  follows  : 

Class  I  II  III  IV  V 

5  35  41  17  2  per  cent. 

The  Arneth  index  for  this  count  would  be  60-5. 

Eosinophilia.  An  eosinophilia  exists  when  over  4  per  cent  of  eosinophils 
are  present  in  the  blood.  Eosinophilia  occurs  :  (a)  In  helminth  infestations 
such  as  ankylostomiasis,  schistosomiasis,  hydatid  disease,  distomiasis,  filariasis, 
dracontiasis,  trichinosis,  etc.  ( b )  In  bronchial  asthma,  before  and  during  the 
paroxysms.  ( c )  In  certain  skin  diseases  :  blastomycosis,  pemphigus,  urticaria, 
psoriasis.  ( d )  In  myelogenous  leuktemia.  ( e )  In  malaria  (not  constant).  (/) 
With  tumours  of  bone. 

Increase  of  large  mononuclear  leucocytes,  including  transitional  cells,  occurs 
in  dengue,  yellow  fever,  malaria,  kala  azar,  Banti’s  disease,  amoebiasis,  and 
trypanosomiasis. 

Lymphocytosis  or  increase  of  the  small  and  large  lymphocytes  may  be 
relative  or  absolute.  When  relative  there  is  a  high  percentage  of  lymphocytes, 
a  low  percentage  of  polymorphonuclear  cells,  and  no  increase  of  the  total  number 
of  white  cells  per  c.mm.  It  occurs  in  tuberculosis,  typhoid,  undulant  fever, 
varicella,  pellagra,  mumps,  and  syphilis.  In  an  absolute  lymphocytosis  there 
.  is  a  high  percentage  of  lymphocytes  associated  with  an  increase  in  the  total 
number  of  white  cells  per  c.mm.  It  forms  a  feature  of  the  blood  picture  in 
lymphatic  leukcemia  and  occurs  also  in  smallpox  and  whooping  cough.  It 
should  be  borne  in  mind  that  a  high  percentage  of  lymphocytes  occurs  in  the 
blood  of  infants  and  young  children. 
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Technique  for  a  differential  leucocyte  count.  The  differential  leucocyte 
count  is  often  an  aid  to  the  diagnosis  of  tropical  diseases  ;  to  be  of  any  value 
it  is  essential  that  at  least  500  leucocytes  be  counted.  It  is  advisable  to  make 
three  or  more  blood  films  with  a  glass  spreader,  so  that  the  margins  of  the  films 
do  not  extend  to  the  edges  of  the  glass  slides.  In  such  preparations  the  poly¬ 
morphonuclear  leucocytes,  the  large  mononuclears,  and  the  eosinophils  will 
be  found  most  numerous  at  the  parallel  margins  of  the  blood  films,  while 
the  lymphocytes  will  be  found  occupying  a  more  central  position.  To  make 
a  representative  leucocyte  count  it  is,  therefore,  necessary  to  count  the  leucocytes 
near  the  margin,  moving  the  stage  of  the  microscope  horizontally  for  a  distance 
of  5  or  more  millimetres,  then  by  moving  the  stage  vertically  the  lens  travels 


Fig.  268.  Peripheral  blood  film.  Splenomedullary  leukaemia. 


across  the  blood  film  to  the  opposite  parallel  margin  of  the  film,  the  lymphocyte 
area  being  traversed  and  all  the  lymphocytes  counted.  When  the  margin  is 
reached  the  leucocytes  along  a  distance  of  5  mm.  are  enumerated  and  the 
procedure  repeated.  In  this  manner  a  representative  count  is  obtained. 

A  simple  and  time  saving  method  of  recording  the  leucocytes  as  they  are 
being  counted  is  by  means  of  glass  beads.  The  method  consists  simply  in 
having  500  glass  beads  and  a  sufficient  number  of  Petri  dishes,  each  dish  marked 
with  a  grease  pencil  to  represent  a  form  of  leucocyte.  As  each  leucocyte  is 
encountered  a  bead  is  placed  in  the  Petri  dish  representing  the  type  of  leucocyte 
observed.  When  the  500  beads  are  used  up  the  beads  in  all  the  dishes,  save  those 
of  the  polymorphs,  are  counted.  Divide  each  count  by  five  to  obtain  the  per¬ 
centage  and  the  percentage  of  the  polymorphs  is  finally  obtained  by  subtraction. 

FALLACIES  AND  PUZZLES  IN  BLOOD  EXAMINATION. 

It  is  not  possible  to  refer  to  all  the  blood  puzzles  and  fallacies  likely  to  be 
.  encountered  in  the  examination  of  the  blood  in  the  tropics,  for  a  fuller  descrip¬ 
tion  reference  should  be  made  to  standard  works  on  haematology  and  to  Balfour’s 
excellent  article  in  the  Fourth  Report  Wellco?ne  Tropical  Research  Laboratories , 
volume  A. 
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During  the  examination  of  films  for  such  protozoa  as  malaria  or  kala  azar 
the  microscopist  is  often  confronted  with  suspicious  looking  bodies  resembling 
parasites  ;  if  there  be  any  element  of  doubt  or  uncertainty  regarding  the 
parasitic  nature  of  the  bodies  a  sound  principle  to  adopt  is  to  err  on  the  safe 
side  and  report  in  the  negative.  ‘  If  in  doubt  say  no  5  is  a,  dictum  that  might 
well  be  adopted  by  laboratory  workers  in  the  tropics  and  elsewhere. 

The  inexperienced  encounter  most  of  their  difficulties  during  the  examination 
of  films  for  malaria,  fresh  films  especially  providing  many  fallacies,  while  stained 
films  often  show  blood  puzzles  that  would  tax  even  the  opinion  of  experienced 
hsematologists. 

Bodies  in  fresh  blood  films  that  may  simulate  parasites. 

1.  Vacuoles  occurring  within  a  red  cell  are  often  deceptive,  a  vacuole, 
however,  is  highly  refractive  and  without  granules,  and  never  presents  the 
opaque  appearance  of  a  parasite,  moreover,  it  has  well  defined  margins  whereas 
a  parasite  merges,  so  to  speak,  with  the  haemoglobin  of  the  cell.  Vacuoles 
may  alter  in  shape  but  never  possess  true  amoeboid  movement. 

Cracks  or  fissures  in  a  red  cell  usually  show  on  focusing  a  reddish  tinge  or 
refraction. 

2.  Hyaline  bodies  or  eye  spots  or  Maragliano’s  bodies  cause  some  difficulty 
in  differentiating  them  from  malarial  parasites.  They  are  round,  oval,  or  spindle- 
shaped  areas,  devoid  of  haemoglobin,  and  often  show  a  central  dot,  they  do 
not  possess  the  highly  refractive  appearance  of  a  vacuole.  They  alter  in  size 
on  focusing  and  do  not  show  amoeboid  movement. 

3.  Crenations  are  frequent  sources  of  error ;  focusing,  however,  will 
show  that  they  possess  no  definite  outline,  and  they  appear  alternately  with 
the  focusing  as  dark  and  light  points. 

4.  Granules  of  leucocytic  origin  when  lying  over  a  red  cell  are  readily 
differentiated,  as  on  focusing  they  vary  in  size,  and  show  no  amoeboid  move¬ 
ment,  they  also  lack  the  ‘  ground  glass  appearance  5  of  a  parasite. 

5.  Blood  platelets  are  sometimes  difficult  to  distinguish  when  lying  on 
a  red  cell.  By  altering  the  illumination  a  halo  or  ring  will  be  found  around 
the  platelet  where  the  haemoglobin  has  been  displaced  ;  moreover,  the  blood 
platelet  has  a  granular  appearance  and  lacks  the  ground  glass  appearance  of 
a  parasite.  Movement  of  the  cover-glass  with  a  needle  will  ascertain  whether 
the  body  moves  with  or  independently  of  the  red  cell,  this  being  a  suitable 
test  especially  when  particles  of  dirt  and  dust  are  present. 

6.  Distorted  red  cells  have  been  mistaken  for  malarial  crescents  but 
differ  in  being  devoid  of  pigment. 

7.  In  amemic  bloods  the  red  cells  often  show  thread-like  processes  pro¬ 
jecting  from  the  margin  ;  these  cells  may  be  mistaken  for  malarial  male  gametes 
with  flagella.  They  show  no  pigment,  however,  which  readily  differentiates  them. 

Bodies  in  stained  blood  films  that  may  simulate  parasites. 

1.  Blood  platelets.  In  stained  preparations  blood  platelets  are  the  most 
common  sources  of  error.  A  single  platelet  lying  on  a  red  cell  (Plate  XXII,  fig.  13) 
being  often  mistaken  for  a  parasite  ;  as  a  rule,  however,  it  lacks  the  definite 
outline  of  a  parasite,  and  is  surrounded  by  a  clear  halo  or  unstained  area  due 
to  the  haemoglobin  of  the  cell  being  pushed  away  from  it  ;  moreover,  the 
.chromatin  is  irregular  and  granular  in  appearance  and  the  platelet  itself  shows 
no  differentiation  into  a  blue  staining  protoplasm,  unstained  vacuole,  and 
red  nucleus,  further  it  contains  no  pigment. 

Platelets  lying  free  may,  owing  to  their  shape,  be  mistaken  for  crescents, 
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but  the  absence  of  pigment  will  serve  to  differentiate  them  ;  when  clustered 
in  masses  they  may  be  mistaken  for  sporulating  bodies,  but  here  again  their 
granular  and  irregular  chromatin  embedded  in  a  cytoplasm  which  has  a  some¬ 
what  reticular  structure  with  an  indefinite  outline  together  with  the  absence 
of  pigment,  will  help  to  identify  them. 

In  some  instances  platelets  may  show,  both  in  blood  films  or  spleen  smears, 
a  slight  resemblance  to  Leishmania  parasites  but  they  lack  the  definite  outline 
and  never  show  the  nucleus  and  characteristic  kinetonucleus. 

2.  Vacuoles  in  cells  may  occasion  some  difficulty.  They  usually  result 
from  imperfectly  fixed  films  or  films  prepared  on  hot  or  greasy  slides.  They 
lack  the  differentiation  of  a  parasite  and  usually  possess  a  sharp  edge  and 
a  high  refractivity.  Alteration  of  the  illumination  of  the  field  will  help  to 
bring  out  their  characters. 

3.  Basophilic  or  an.emic  degeneration  of  the  red  cells  (Plate  XXII, 
figs.  9  and  11)  may  cause  the  experienced  microscopist  as  well  as  the  tyro 
a  certain  amount  of  difficulty.  The  condition  is  often  seen  in  severe  secondary 
anaemias,  pernicious  anaemia,  lymphatic  leukaemia,  and  lead  poisoning.  The 
granules  react  strongly  to  basic  dyes  and  vary  greatly  in  their  incidence  in  the 
individual  cells,  occurring  as  either  single  dots  or  rods  or  as  a  diffuse  stippling 
very  similar  to  that  seen  in  a  cell  containing  the  Schuffner’s  dots  of  benign 
tertian  malaria.  Careful  focusing,  however,  will  avoid  confusion  as  these 
stippled  cells  contain  neither  parasites  nor  chromatin. 

4.  The  so-called  Howell’s  and  Jolly  bodies  (Plate  XXII,  fig.  4)  are  of 
interest  in  as  much  as  they  may  be  found  in  anaemic  bloods,  more  especially 
when  nucleated  red  cells  are  present.  They  are  derived  from  chromatin.,  and 
stain  red  with  Leishman’s  and  Giemsa’s  stains  and  green  with  methyl  green. 
They  show  no  blue  staining  cytoplasm  so  should  not  be  mistaken  for  a  malaria 
parasite.  They  appear  in  films  as  a  small  chromatin  staining  body  within 
a  red  cell.  Whether  they  are  derived  from  the  former  nucleus  of  a  red  cell  or 
represent  a  stage  in  basophilic  degeneration  is  not  known. 

5.  Polychromatophilic  filaments  are  sometimes  found  in  the  red  cells 
of  anaemic  bloods.  These  filaments  may  occur  in  the  form  of  rings  or  figures 
of  eight  or  spirals  (Plate  XXII,  figs.  2  and  3).  When  the  red  cells  rupture  these 
filaments  represent  the  so-called  corps  en  pessaire  of  French  observers.  The 
filaments  show  no  differentiation  of  structure  into  chromatin  and  cytoplasm, 
and  should  not  be  readily  mistaken  for  malaria  parasites.  This  absence  of 
differentiation  in  structure  will  also  serve  to  distinguish  the  so-called  corps 
en  anneau  (Plate  XXII,  fig.  16)  from  malaria  parasites. 

6.  Deformed  red  cells  showing  a  crescentic  and  granular  area  are  occasion¬ 
ally  seen  in  anaemic  blood,  and  at  first  sight  may  resemble  malarial  crescents, 
but  the  absence  of  pigment  will  rule  them  out  as  being  of  non-malarial  origin. 

7.  Spherical  or  oval  homogeneous  blue  staining  cells  (Plate  XXII,  fig.  1) 
are  sometimes  seen  in  the  peripheral  blood  of  febrile  and  afebrile  cases  in  the 
tropics.  They  are  very  similar  in  structure  and  staining  reactions  to  the  blue 
cells  often  seen  in  spleen  puncture  smears  in  kala  azar.  Banti’s  disease,  and  other 
diseases  associated  with  splenomegaly.  They  probably  represent  detached 
portions  of  cytoplasm  from  splenic  macrophages  and  it  is  likely  that  at  times 
these  bodies  are  swept  into  the  peripheral  blood  stream.  They  are  invariably 
associated  with  anaemic  changes  in  the  blood. 

8.  Mention  should  be  made  of  the  ‘  X  bodies  ’  described  by  Horrocks  and 
Howell  as  found  in  cases  of  pyrexia  in  Spain.  They  are  characterized  by  having 


PLATE  XXII. 


Some  Puzzles  in  Stained  Blood  Preparations. 


1.  Blue  body  in  splenic  smear,  probably  a  portion  of  cytoplasm  of 
macrophage. 

2  &  3.  Polyohromatophilic  filaments  in  red  cells — after  Brumpt. 

4.  Jolly  body. 

5.  Splenic  cell  containing  a  phagocyted  microcyte  from  a  case  ol 

disease. 

6  &  7.  Cells  from  liver  puncture  showing  metachromatic  granules. 

8.  Kurloff’s  bodies — after  Ferrata  and  Pappenheim. 

9.  Basophilic  red  cell  containing  a  portion  of  chromatin. 

10.  Red  cell  showing  polyehromasia. 

11.  Red  cell  showing  basophilic  stippling  (polyclirornatophilia). 

12.  Stain  deposit  in  cracks  in  a  red  cell. 

13.  Blood  platelet  lying  on  a  red  cell. 

14.  Splenic  macrophage  with  old  malarial  pigment. 

5  Splenic  macrophage  undergoing  chromolysis. 


16.  “  Corps  en  anneau  ” — Webster  after  Schleip. 


a  splenic 


Banti’s 


7.  Blood  film  preparation  showing  yeast-like  cells. 
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a  faint  capsule  with  a  circular  blue  staining  centre,  but  being  devoid  of  chromatin 
they  are  not  likely  to  be  mistaken  for  malarial  or  other  protozoal  parasites. 

9.  Leucocytes  may  occasionally  be  mistaken  for  gamete  forms  of  the 
malaria  parasite,  but  in  the  case  of  a  gamete  the  chromatin  is  relatively  small  in 
amount  whereas  the  nuclear  chromatin  in  a  leucocyte  is  comparatively  large  in  size. 

10.  Degenerated  leucocytes  with  vacuolation  of  the  cytoplasm  and 
karyolysis  of  the  nucleus  may  be  difficult  of  recognition. 

11.  Spleen  puncture  smears  from  cases  of  anaemia  with  splenomegaly 
often  yield  puzzles.  In  the  Sudan  such  smears  have  shown  large  mononuclear 
cells  with  reddish  coloured  circular  bodies  not  unlike  the  Kurloff’s  bodies 
(Plate  XXII,  fig.  8)  found  in  fowls’  and  rats’  blood. 

In  one  instance  a  case  simulating  kala  azar  showed  in  liver  and  spleen 
puncture  smears,  cells  containing  peculiar  metachromatic  staining  granules 
(Plate  XXII,  figs.  6  and  7). 

Adventitious  fallacies  in  blood  films.  With  ordinary  care  these  can  usually 
be  recognized.  Insect  hairs  and  cotton  fibres  have  been  recorded  as  causes 
for  the  mistaken  diagnosis  of  microfilariae  in  the  blood.  Adventitious  material 
in  the  distilled  water  used  for  staining  purposes  has  been  responsible  for  records 
of  new  parasites  and  flagellates  found  in  the  blood.  Yeasts,  fungal  spores,  and 
filaments  are  frequently  present  in  distilled  water  exposed  to  the  air  for  any 
time,  and  if  such  water  be  used  for  staining  purposes,  either  of  films  or  sections, 
fallacies  will  readily  occur  (Plate  XXII,  fig.  17).  Blood  films  prepared  in  the 
field,  whether  from  man  or  animals,  are  liable  to  serial  and  skin  contamination. 
In  the  case  of  animals  that  have  been  shot,  the  blood  may  readily  become 
contaminated  from  wounds  of  the  viscera. 

Blood  films  that  require  to  be  sent  any  distance  for  examination  should 
undergo  a  preliminary  fixation  otherwise  moulds  are  liable  to  develop  on  their 
surface,  more  especially  where  the  climatic  conditions  are  warm  and  moist. 

Another  source  of  fallacy  is  the  use  of  soiled  blotting  paper  for  drying  blood 
films  after  they  have  been  stained  and  washed.  Such  paper  is  liable  to  cause 
4  transfer  impressions  ’  on  the  films,  and  to  avoid  them,  fresh  blotting  paper 
only  should  be  used.  Pigment  particles  from  the  skin  may  occur  in  blood 
films  and  may  be  mistaken  for  the  melanin  pigment  of  malaria  ;  the  former, 
however,  occur  free,  whereas  malarial  pigment  is  invariably  found  phagocyted. 

METHODS  OF  ESTIMATING  AGGLUTININS  IN  BLOOD  SERUM. 

As  a  means  of  diagnosis  the  agglutination  test  has  a  comparatively  limited 
field  of  application  confined  chiefly  to  the  diagnosis  of  enterica  infections, 
undulant  fever,  bacillary  dysentery,  and  the  Weil  Felix  reaction  for  typhus. 
The  test  has  also  been  employed  as  a  means  of  detecting  carriers  of  these  diseases 
and  for  4  typing  ’  organisms  which  have  been  isolated,  e.  g.  the  pneumococcus 
and  meningococcus. 

Estimation  of  agglutinins  in  enterica  infections.  Many  methods  have  been 
employed,  and  in  recent  years  macroscopic  methods  with  killed  cultures  have 
superseded  the  microscopic  methods  with  viable  cultures. 

Protective  inoculation  against  the  typhoid-paratyphoid  group  of  organisms 
has  been  carried  out  on  a  large  scale  during  the  late  war  and  this  has 
necessitated  modifications  in  agglutination  technique,  and  the  employment  of 
standard  cultures.  Dreyer’s  method  has  given  such  consistently  satisfactory 
results  that  it  may  be  described  with  advantage. 

Dreyer’s  method.  Standard  cultures  are  employed,  B.  typhosus ,  or  B.  para- 
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typhosus  A  and  B  being  grown  respectively  for  24  hours  at  37°  C.  in  large 
flasks  of  peptone  veal  broth  and  sterilized  in  the  autoclave  at  115°  C.  for  not 
more  than  15  minutes  ;  the  original  cultures  for  inoculating  the  peptone  veal 
flasks  should  be  young  bouillon  cultures  that  have  been  previously  subcultured 
daily  in  bouillon,  preferably  for  several  weeks.  At  the  end  of  24  hours  the  flasks 
are  well  shaken  and  OT  per  cent  commercial  (40  per  cent)  formalin  added. 
They  are  again  shaken  and  placed  in  cold  storage  at  2°  C.  At  intervals  on  the 
same  day  and  on  subsequent  days,  for  four  to  five  days,  the  flasks  are  thoroughly 
shaken  while  still  in  the  cold  store,  and  after  three  to  four  days  will  be  found 
to  be  sterile.  The  bacterial  suspension  is  subsequently  diluted  with  sterile 
normal  saline  solution  (containing  OT  per  cent  formalin)  to  a  standard  opacity. 
If  the  suspension  is  not  entirely  homogeneous  it  is  filtered  through  sterile  cotton 
wool,  after  which  it  is  bottled  in  sterile  vessels  and  sealed. 

The  standard  culture  is  as  sensitive  to  agglutination  as  the  fresh  culture, 
moreover  it  is  sterile,  and  when  stored  in  a  cool  and  dark  place  can  be  kept  almost 
indefinitely.  Being  standardized  the  emulsion  permits  of  comparable  observa¬ 
tions  being  carried  out  from  time  to  time  with  the  same  patient’s  serum. 

The  agglutination  test  is  made  with  the  patient’s  serum  against  B.  typhosus , 
B.  paratyphosus  A,  and  B.  pciratyphosus  B  simultaneously  in  parallel  experiments. 

Method.  Take  15  small  and  narrow  sedimentation  tubes  and  place  them 
in  a  stand  in  three  rows  of  5  each.  Take  a  suitable  dropping  pipette  and  measure 
out  in  a  test  tube  54  drops  of  normal  saline  solution  (0*85  per  cent).  The  pipette 
must  be  held  vertically  when  making  drops  to  ensure  that  they  shall  be  equal  in 
size.  Dry  the  pipette  and  by  means  of  it  add  6  drops  of  the  serum  to  be  exa¬ 
mined  ;  this  gives  a  dilution  of  1  in  10.  Wash  out  and  dry  the  pipette  carefully. 

In  tube  1  of  each  row  place  0  drops  of  normal  saline  solution. 
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Wash  the  pipette  carefully  and  then  add  to  each  tube  in  row  one  15  drops 
of  standard  B.  typhosus  suspension  ;  to  each  tube  in  row  two  15  drops  of 
B.  paratyphosus  B  ;  and  to  each  tube  in  row  three  15  drops  of  standard 
B.  paratyphosus  A.  Shake  each  tube  thoroughly,  in  order  from  right  to  left, 
commencing  with  the  highest  dilution  and  see  that  no  air  bubbles  remain 
imprisoned.  Place  in  the  water  bath  at  55°  C. 

In  tube  1  the  serum  acts  in  a  dilution  of  1  in  25. 

,,  2  ,,  ,,  ,,  ,,  1  in  50. 

„  3  „  „  „  „  1  in  125. 

,,  4  ,,  ,,  ,,  ,,  1  in  250. 

Tube  5  without  serum  is  the  control  against  spontaneous  agglutination.  If 
the  limit  of  agglutination  is  not  reached  within  the  first  series  higher  dilutions 
are  made  in  a  similar  manner. 

The  reaction  is  complete  in  two  hours  if  the  tubes  containing  the  dilutions 
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Dry  the  pipette  and  use  it  to  add 
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are  maintained  at  a  temperature  of  55°  C.  in  a  water  bath.  The  tubes  are  allowed 
to  stand  for  15  minutes  at  room  temperature  before  the  results  are  read.  If 
left  at  the  room  temperature  24  hours  should  be  allowed.  Tests  for  dysentery 
agglutinations  require  that  the  tubes  remain  in  the  water  bath  for  4  hours.1 

Record  of  results  when  standard  agglutinable  cultures  are  used. 
The  highest  dilution  in  which  marked  agglutination  (without  sedimentation) 
can  be  detected  by  the  naked  eye  is  standard  agglutination.  But  owing 
to  the  rates  at  which  the  dilution  increases  in  the  series  of  tubes  employed 
it  will  commonly  happen  that  no  tube  in  the  series  exhibits  standard  agglutina¬ 
tion.  If  this  be  so  it  will  be  found  in  looking  along  the  series  that  while  one 
tube  shows  strong  agglutination  with  sedimentation  the  next  succeeding  tube 
shows  no  agglutination  at  all  or  only  a  trace.  In  such  cases  standard  agglutina¬ 
tion  lies  approximately  between  the  two  dilutions. 

In  reading  dysentery  agglutinins  agglutination  is  best  appreciated  by  noting 
the  clearance  of  the  supernatant  fluid  when  compared  with  the  control  tube. 

When  the  standard  degree  of  agglutination  occurs  with  standard 
agglutinable  culture  (as  prepared  at  the  Department  of  Pathology, 
University  of  Oxford)  in  a  serum  dilution  of  1  in  x,  then  x  divided  by  the  figure 
given  on  the  label  of  the  standard  agglutinable  culture  employed  gives  the 
number  of  standard  agglutinin  units  contained  in  1  c.c.  of  the  serum 
examined.  Thus  if  standard  agglutination  occurs  in  a  dilution  of  1  in  1,000, 
and  the  number  on  the  label  is  2-5,  then  l,000/2’5,  i.  e.  400,  is  the  number  of 
Standard  Agglutinin  Units  contained  in  1  c.c.  of  the  serum  examined. 

For  uniformity  and  simplicity  in  recording  results  they  should  be  expressed 
in  Standard  Agglutinin  Units. 

The  Standard  Agglutinin  Unit  is  that  amount  of  agglutinating  serum  which 
when  made  up  to  1  c.c.  volume  with  normal  saline  solution  causes  standard 
agglutination  on  being  mixed  with  1-5  c.c.  (15  drops)  of  a  particular  Standard 
Agglutinable  Culture  and  maintained  at  55°  C.  for  2  hours  in  a  water  bath 
followed  by  15  minutes  at  the  room  temperature. 

To  arrive  at  a  diagnosis  from  the  results  of  agglutination  tests  at  least  three 
successive  observations  should  be  carried  out  with  the  patients’  serum  in  the 
course  of  six  days.  In  an  actual  case  of  typhoid  fever  agglutinins  usually 
appear  in  the  patients’  serum  about  the  eighth  day  of  the  disease  ;  the  titre 
of  such  agglutinins  steadily  rises  to  about  the  twentieth  day  of  the  disease  when 
the  serum  may  have  an  agglutinating  titre  of  1  in  1,200,  this  titre  slowly  and 
steadily  falls  to  about  1  in  100  by  the  seventy-sixth  day  following  the  attack 
of  the  fever.  The  agglutination  curve  produced  by  experimental  inoculation 
with  anti-typhoid  vaccine  is  similar  to  the  agglutination  curve  resulting  from 
infection  with  B.  typhosus  except  that  in  the  former  the  maximum  is  higher 
and  the  decline  is  slower. 

The  value  of  carrying  out  successive  tests  with  the  patient’s  serum  against 
the  three  standardized  cultures  is  obvious,  more  especially  in  inoculated 
individuals.  A  successive  rise  and  fall  in  the  titre  for  any  of  the  three  organisms 
is  in  favour  of  infection  with  that  particular  organism.  In  inoculated  individuals 
who  have  not  had  typhoid  or  paratyphoid  fever  agglutination  in  a  dilution 
of  1  in  25  justifies  a  strong  suspicion  of  typhoid  or  paratyphoid  infection,  but 
in  such  a  case  the  test  should  be  repeated  in  the  course  of  a  day  or  two.  Marked 
agglutination  in  a  dilution  of  1  in  50  or  more  is  nearly  always  diagnostic  of 

1  In  using  the  water  bath  the  tubes  should  be  immersed  for  half  their  length.  The  convec¬ 
tion  currents  which  are  set  up  accelerate  the  process  of  flocculation. 
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active  typhoid  or  paratyphoid  infection.  As  a  general  rule  it  may  be  stated 
that  the  bacillus  exhibiting  the  highest  agglutinating  titre  is  the  principle 
infective  agent  in  the  ease  under  examination.  In  cases  in  which  the  agglu¬ 
tination  of  a  second  micro-organism  is  due  to  the  presence  of  co-agglutinin 
the  curve  of  co-agglutination  will  be  found  running  parallel  to  the  curve  of 
principal  agglutination  but  at  a  lower  level.  If  the  ease  be  one  of  mixed  infection 
with  two  different  organisms  their  respective  curves  of  agglutination  are  not 
in  agreement  but  show  independent  courses  and  may  even  cross  one  another. 

Acid  agglutination  test  (after  Andrewcs).  Different  bacterial  species  are 
agglutinated  at  different  H.  ion  concentrations,  and  Michadis  has  shown  how 
this  fact  may  be  used  for  differentiating  B.  paratyphosus  A  and  B  from 
B.  typhosus.  In  a  recent  paper  he  claims  that  in  presence  of  a  trace  of  protein 
the  dysentery  bacilli  may  be  readily  distinguished  from  their  allies.  The  claim 
has  been  tested  upon  a  large  number  of  strains  of  Shiga  and  Flexner-Y 
organisms  on  the  one  hand,  and  B.  ambiguus ,  B.  alkalesccns ,  B.  dispar ,  and  other 
miscellaneous  organisms  on  the  other,  with  the  result  that  Miehadis's  state¬ 
ments  seem  fully  confirmed.  The  test  is  simple  and  rapid. 

Six  stock  solutions  are  made  up  with  normal  soda  and  normal  acetic  acid 
in  the  following  proportions  : 


Normal  NaOll. 


No.  1 
No.  2 
No.  3 
No.  4 
No.  5 
No.  (5 


.)  c.e. 
5  „ 

5  „ 

5  „ 

5  >5 
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Distilled 

acetic  acid. 

icaier. 

7*5  c.e. 

87-5  e.c. 

100  „ 

85*0  ,, 

15*0  ,, 

80  0  „ 

25  0  „ 

70  0 

45*0  ,, 

50  0  „ 

85*0  ,, 

10  0  .. 

affording  a  constant  strength  of  sodium  acetate  with  an  excess  of  acetic  acid 
ranging  from  1/40  N  in  No.  1  to  4  5  N  in  No.  6.  For  the  test  a  24-hour  agar 
culture  of  the  bacillus  is  emulsified  in  20  e.c.  of  distilled  water ;  broth  cultures 
cannot  be  used  on  account  of  the  sodium  chloride  present.  Three  parts  of 
emulsion  are  measured  into  each  of  six  test-tubes  or  agglutination  tubes,  with 
the  addition  to  eaeli  tube  of  a  little  protein  (for  a  small  test-tube  holding 
1  or  2  c.e.  a  drop  of  a  tenfold  dilution  of  normal  human  serum  suffices).  One 
part  of  each  stock  acid  solution  is  now  added  to  the  six  tubes  respectively  and 
well  mixed.  The  tubes  are  incubated  for  two  hours  at  37°  C.  and  the  results 
read  with  the  naked  eye,  preferably  after  standing  at  laboratory  temperature 
for  half  an  hour. 

The  dysentery  bacilli  show  no  macroscopic  agglutination. 

Agglutination  tests  by  the  aid  of  the  agglutinometer.  A  simple  and  ingenious 

instrument  known  as  a  clinical  agglutinometer  has  been  devised  by  Garrow  for 
carrying  out  macroscopic  agglutination  tests  with  killed  cultures  of  organisms. 
By  its  use  rapid  and  accurate  estimations  of  the  agglutinin  titre  of  the  blood 
can  be  made. 

The  method  of  manipulating  the  instrument  and  the  necessary  technique 
is  fully  described  in  the  Lancet.  February  17.  1917.  p.  262. 

Castellani's  absorption  test  (Taylor's  technique).  The  absorption  or  satura¬ 
tion  test  has  been  extensively  employed  for  the  differential  diagnosis  of  closely 
allied  bacterial  species  and  types  and  has  also  proved  of  value  in  the  sero- 
diagnosis  of  mixed  infections.  Originally  employed  for  the  differentiation  of 
typhoid-coli  groups  of  organisms,  its  use  has  been  extended  to  the  elucidation 
of  other  groups  of  bacteria  including  cholera  and  cholera-like  vibrios,  strepto- 
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cocci,  pneumococci,  gonococci,  meningococci,  and  Gram-negative  diplococci. 
It  has  also  been  applied  to  the  dysentery  group  of  bacilli. 

Castellani  showed  that  the  serum  of  a  rabbit  immunized  to  B.  typhosus 
agglutinated  B.  typhosus  1  in  5,000  and  B.  coli  1  in  600  ;  after  saturation  of 
the  rabbit’s  serum  with  typhoid  bacilli  all  agglutinins  were  removed  for  both 
organisms.  The  serum  of  a  rabbit  immunized  to  both  B.  typhosus  and  B.  coli 
agglutinated  typhoid  bacilli  1  in  4,000  and  B.  coli  1  in  1,000  ;  but  after  saturation 
with  typhoid  bacilli  the  serum  no  longer  agglutinated  B.  typhosus  but  did 
agglutinate  B.  coli  1  in  900.  After  saturation  with  B.  coli  the  serum  failed  to 
agglutinate  B.  coli  but  still  agglutinated  B.  typhosus  1  in  4,000. 

From  these  and  other  experiments  Castellani  concluded  that  (1)  the  serum 
of  an  animal  immunized  against  a  certain  organism  when  saturated  with  that 
organism  loses  not  only  its  agglutinating  power  or  specific  agglutinins  for  that 
organism  but  also  for  the  other  varieties  it  may  have  had  the  power  of  agglutinat¬ 
ing  ;  when  saturated  with  the  non-specific  organisms  its  agglutinating  power 
on  the  specific  organism  is  reduced  by  a  small  amount  or  not  at  all.  (2)  The 
serum  of  an  animal  immunized  against  two  organisms  A  and  B  loses  its  power 
of  agglutination  for  A  only  when  saturated  with  A.  Saturated  with  A  and  B 
it  loses  its  agglutinating  power  for  both.  (3)  These  facts  may  be  applied  to 
the  differentiation  of  closely  allied  organisms  and  to  the  diagnosis  of  mixed 
infections. 


Technique.  For  example,  take  a  paratyphoid  B  serum  with  a  high 
agglutinating  titre  for  B.  puratyphosus  B  and  B.  ccrtrycke,  the  agglutination 
titre  for  both  organisms  being  >  1  in  10,000  and  proceed  as  follows  : 

(1)  Dilute  the  serum  with  normal  saline  solution  so  as  to  have  a  1  in  50 
dilution  (take  0T  c.c.  serum  and  add  4-9  c.c.  normal  saline)  place  2-5  c.c.  of 
the  diluted  serum  in  a  sterile  centrifuge  tube  and  label  it  1.  Place  the  same 
amount  of  the  diluted  serum  in  another  centrifuge  tube  and  label  it  2. 

(2)  Scrape  off  with  a  platinum  loop  the  growth  from  four  to  five  agar  slope 
cultures  of  B.  puratyphosus  B  and  add  it  to  the  serum  in  tube  1. 

(3)  Scrape  off  in  a  similar  manner  the  growth  from  four  to  five  agar  slope 
cultures  of  B.  ccrtrycke  and  add  it  to  tube  2. 

In  (2)  and  (3)  the  growths  should  never  be  washed  off  with  the  diluted  serum. 

(4)  Incubate  tubes  1  and  2  at  37°  C.  for  two  hours  then  centrifuge  them 
till  the  bacilli  are  totally  precipitated  and  the  supernatant  fluids  are  clear. 

(5)  Pipette  off  the  supernatant  fluids  into  two  separate  sterile  tubes  and 
test  the  power  of  agglutination  of  each  fluid  up  to  a  dilution  of  1  in  10,000 
against  B.  puratyphosus  B  and  B.  ccrtrycke ,  remembering  that  the  serum  has 
already  been  diluted  1  in  50. 

Before  absorption  the  serum  agglutinated  B.  puratyphosus  B  and  B. 
ccrtrycke  in  a  high  dilution  >  1  in  10,000,  but  after  absorption  with  B.  paru- 
typhosus  B  the  titre  for  both  organisms  will  be  reduced  to  nil  or  nearly  so. 
After  absorption  with  B.  ccrtrycke  the  titre  for  this  bacillus  will  be  reduced 
practically  to  nil  or  nearly  so,  whereas  the  titre  for  the  paratyphoid  B  bacillus 
will  be  unchanged  or  at  the  most  only  slightly  lessened. 

In  carrying  out  the  absorption  test  it  should  be  remembered  that  the  dosage 
of  bacilli  necessary  to  produce  saturation  or  absorption  of  the  homologous  or 
*  specific  agglutinins  will  vary  with  the  agglutination  titre  of  the  serum  employed. 

For  the  diagnosis  of  closely  allied  species  the  test  can  be  applied  as  follows : 
Suppose  a  bacillus  is  isolated  which  gives  the  same  cultural  and  biochemical 
characters  as  B.  puratyphosus  B  and  the  bacillus  is  agglutinated  to  a  high 
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titre  with  B.  paratyphosus  B  serum.  Is  the  organism  B.  paratyphosus  B  or 
B.  certrycke  ?  Saturate  known  paratyphoid  B  serum  with  the  organism  isolated  ; 
if  it  is  B.  paratyphosus  B  the  serum  will  lose  completely  or  nearly  so  its  agglutinins 
for  B.  paratyphosus  B  and  also  its  agglutinin  for  B.  certrycke.  If  the  organism 
isolated  is  B.  certrycke  then  the  paratyphoid  B  serum  saturated  with  this 
bacillus  will  lose  its  agglutinating  power  completely  or  nearly  so  for  B.  certrycke 
but  will  not  lose,  or  only  to  a  slight  extent,  its  agglutinating  power  for  B.  para - 
typhosus  B. 

In  cases  of  mixed  infections  or  where  group  agglutinins  are  present  in 
a  serum  the  absorption  test  is  of  value  in  demonstrating  the  specific  agglutinins 
and,  therefore,  the  specific  infection  present. 

METHOD  OF  DETERMINING  THE  OPSONIC  INDEX  (Wright) 

To  estimate  the  amount  of  opsonin  present  in  blood  serum  for  a  given 
organism  there  is  required  :  (1)  The  serum  of  the  patient  to  be  tested.  (2) 
Control  serum  taken  from  the  blood  of  several  healthy  individuals  and  pooled. 
(3)  The  bacterial  emulsion  prepared  by  emulsifying  a  young  agar  culture  (18 
hours  old)  with  normal  saline  solution  and  obtaining  a  faintly  turbid  emulsion 
free  from  clumps.  (4)  Leucocytes  free  from  plasma  obtained  by  taking  1  c.c. 
of  blood  from  a  healthy  individual  and  allowing  it  to  drop  into  a  centrifuge 
tube  containing  1  per  cent  sodium  citrate  in  normal  saline  solution.  The  blood 
and  citrated  salt  solution  are  gently  mixed  and  then  centrifuged,  the  supernatant 
fluid  is  withdrawn  by  means  of  a  pipette  and  fresh  normal  saline  solution  added 
and  thoroughly  but  gently  mixed  with  the  red  cells.  The  mixture  is  centrifuged 
and  the  supernatant  fluid  removed  and  fresh  saline  added,  the  procedure  being 
repeated  again  with  the  normal  saline.  After  the  final  centrifuging  the  super¬ 
natant  fluid  is  withdrawn  and  the  upper  buffy  layer  of  leucocytes  is  pipetted 
off  and  placed  in  a  watch  glass. 

The  rest  of  the  procedure  is  as  follows  : 

Take  a  capillary  pipette  with  rubber  teat  attached  and  mark  the  pipette 
with  a  pencil  to  indicate  a  volume,  then  draw  up  to  the  pencil  mark  1  volume 
of  the  leucocyte  emulsion,  1  volume  of  the  bacterial  emulsion,  and  1  volume 
of  the  serum  to  be  tested.  Expel  these  into  a  watch  glass,  mix  thoroughly,  and 
then  draw  the  mixture  into  the  same  pipette  in  an  unbroken  column  and  seal 
the  capillary  end  in  the  flame  :  place  in  an  incubator  at  37°  C.  for  exactly 
15  minutes.  Take  a  second  pipette  and  repeat  the  procedure  in  exactly  the 
same  manner  except  that  the  normal  serum  is  used  instead  of  the  patient’s 
serum,  the  second  pipette  also  being  placed  in  the  incubator  for  15  minutes. 

After  each  pipette  has  been  incubated  for  15  minutes  it  is  taken  out  and  the 
contents  blown  into  a  watch  glass,  mixed  thoroughly  and  smear  preparations 
made  as  for  blood  films.  The  smears  are  then  fixed  and  suitably  stained  either 
with  Leishman’s  stain  or  in  the  case  of  tubercle  bacilli  with  Ziehl-Neelson’s 
carbol  fuchsin.  The  smears  are  examined  microscopically  and  the  number 
of  organisms  ingested  by  100  leucocytes  counted,  in  the  one  case  where  the 
serum  to  be  tested  was  employed  and  in  the  other  case  where  the  control  serum 
was  used.  The  ratio  between  these  two  figures  represents  the  opsonic  index. 
For  example,  in  the  smear  representing  the  serum  to  be  tested  100  leucocytes 
contained  500  organisms  while  the  smear  of  the  normal  serum  showed  1,000 
organisms  in  the  same  number  of  leucocytes  the  opsonic  index  would  be 
500/1,000  or  0-5. 

The  above  technique  is  suitable  for  most  organisms,  but  in  the  case  of  tubercle 
bacilli  better  results  are  obtained  by  taking  up  3  volumes  of  leucocytes,  2  of 
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tubercle  bacilli  emulsion,  and  2  of  the  serum,  and  incubating  the  mixtures  for 
25  minutes  at  37°  C. 

In  the  tropics  special  care  in  technique  is  essential  owing  to  the  risks  of 
organismal  contamination  of  the  culture  media. 

BLOOD  CULTURES. 

To  assist  the  diagnosis  of  all  cases  of  suspected  bacteraemia  with  pyrexia. 
In  apyrexial  periods  a  negative  result  is  invariably  the  rule,  the  operation, 
therefore,  should  be  carried  out  when  the  patient  has  fever,  and  preferably  in 
the  late  afternoon  or  evening  when  the  fever  usually  reaches  its  maximum  ; 
non-observance  of  this  practical  point  frequently  explains  the  reason  for  un¬ 
successful  blood  cultures.  In  the  typhoid-paratyphoid  fevers  the  greatest 
number  of  positive  results  is  obtained  during  the  first  week  or  ten  days  of  the 
disease,  and  at  least  10-15  c.c.  of  venous  blood  should  be  obtained  from  the 
patient.  The  later  the  day  of  illness  the  more  blood  is  necessary  to  recover 
the  infecting  organism.  During  a  relapse  15  c.c.  of  blood  should  be  taken  from 
the  patient,  and  preferably  in  the  late  afternoon  or  evening. 

Unsuccessful  blood  culture  in  typhoid-paratyphoid  cases  is  frequently  due 
to  the  fact  that  an  insufficient  amount  of  blood  has  been  withdrawn.  Experience 
has  shown  that  in  the  case  of  these  infections  it  is  not  necessary  to  dilute  the 
blood  with  the  culture  media  to  any  great  degree  if  taurocholate  of  soda  be 
employed.  10  c.c.  of  blood  in  an  equal  quantity  of  2  per  cent  aqueous  solution 
of  taurocholate  of  soda  frequently  yields  positive  cultures  of  organisms  of  the 
enterica  group. 

If  streptococci  or  other  organisms  are  suspected,  the  blood  from  the  patient 
should  be  distributed  in  varying  quantities,  from  1-4  c.c.,  in  different  broth  tubes. 

Subcultures  should  be  carried  out  every  24  hours  for  four  or  five  days. 
In  the  case  of  undulant  fever  subcultures  may  not  yield  colonies  till  after  the 
third  or  fourth  day  and  possibly  not  before  the  tenth. 

Technique  of  blood  culture.  The  operation  should  be  carried  out  in  as  still 
an  atmosphere  as  possible,  all  doors  and  windows  being  closed.  The  skin  over 
the  selected  vein  should  be  cleansed  with  ether  followed  by  two  applications 
of  tincture  of  iodine  at  five  minute  intervals.1  Pressure  above  the  vein  bv 
means  of  a  bandage  will  cause  the  vessel  to  stand  out  more  prominently.  The 
needle  of  a  sterile  10  or  15  c.c.  syringe  is  directed  into  the  vein,  the  required 
amount  of  blood  withdrawn,  and  the  culture  media  inoculated  ;  the  cotton 
plugs  of  the  inoculated  flasks  should  be  flamed  before  being  reinserted. 

When  the  needle  of  the  syringe  is  withdrawn  the  puncture  wound  is  covered 
with  sterile  lint  and  a  bandage. 

If  the  mouths  of  the  flasks  of  culture  media  be  covered  with  sterile  rubber 
or  oil-silk  caps  instead  of  using  cotton  wool  plugs  the  risk  of  serial  contamina¬ 
tion  of  the  media  is  considerably  lessened.  The  rubber  or  oil-silk  caps  are  covered 
on  the  outer  surface  with  a  layer  of  paraffin.  Before  use  the  paraffin  is  melted 
by  the  application  of  a  hot  knife  and  the  media  are  inoculated  by  pushing 
the  needle  of  the  syringe  through  the  rubber  or  oil-silk  cap  ;  when  the  needle 
is  withdrawn  a  hot  knife  is  applied  again  to  the  paraffin  and  the  aperture  sealed 
in  this  manner.  Rubber  or  oil-silk  caps  are  useful  for  flasks  of  media  that  require 
to  be  sent  some  distance. 

Media  for  the  cultivation  of  organisms  from  the  blood  (chap.  40).  Ordinary 

1  An  alternative  method  is  to  wash  the  skin  with  soap  and  water  and  then  paint  the  area 
witli  a  solution  of  0-5  per  cent  brilliant  green  and  crystal  violet  in  50  per  cent  alcohol.  Then 
cover  the  area  with  dry  sterile  gauze  (McLeod  and  Bevan  Brown). 
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stock  nutrient  broth  tubed  or  in  flasks  containing  50-100  c.c.  forms  a  suitable 
medium  for  the  growth  of  most  organisms.  For  the  isolation  of  organisms  of  the 
typhoid-paratyphoid  group  various  media  have  been  employed  and  most  of  them 
have  a  bile  salt  basis.  A  2  per  cent  solution  of  taurocholate  of  soda  in  distilled 
water  is  a  useful  blood  culture  medium  for  organisms  of  the  typhoid-paratyphoid 
group. 

Coleman  and  Bunton’s  medium  is  fairly  satisfactory  for  organisms  of  the 
typhoid-paratyphoid  group.  It  has  the  following  composition  :  ox  bile  90  c.c., 
glycerin  10  c.c.,  peptone  2  grm.,  and  is  usually  employed  in  quantities  of  20  c.c. 
in  small  flasks. 

For  the  cultivation  of  the  Micrococcus  melitensis  the  broth  medium  should 
be  very  faintly  alkaline,  a  reaction  of  +10  being  found  suitable. 

Method  of  Wurtz  and  Sappington.  Advantage  is  taken  of  the  patient’s 
blood  as  a  culture  medium  the  antibactericidal  action  of  the  serum  being 
neutralized  by  the  addition  of  sterile  distilled  water. 

The  most  suitable  dilutions  are  40  per  cent  blood  and  60  per  cent  water. 
Good  results  have  also  been  obtained  with  10  per  cent  blood  and  90  per  cent  water. 

Pneumococci,  staphylococci,  typhoid,  paratyphoid,  and  other  organisms 
have  been  cultivated  by  this  method. 

Dried  bile  as  a  blood  culture  medium  (Le  Boeuf  and  Braun).  This  is  a  suitable 
and  convenient  culture  medium.  Fresh  bile  is  sterilized  at  125°  C.  for  30  minutes 
and  filtered  through  Chardin  paper.  The  filtrate  is  then  inspissated  in  a  flat 
vessel  in  a  water  bath,  allowed  to  cool,  and  when  friable  is  powdered  in  a  mortar. 
1  grm.  of  the  dried  bile  (corresponding  to  10  c.c.  liquid  bile)  is  placed  in  a  test 
tube  and  autoclaved. 

To  make  a  blood  culture  pour  5  c.c.  blood  into  the  test  tube.  The  blood 
dissolves  the  bile  and  the  tube  is  then  incubated. 

WASSERMANN  TEST. 

This  test  depends  on  the  phenomenon  known  as  complement  deviation 
and  is  also  known  as  the  Bordet-Gengou  reaction. 

Complement  deviation  has  been  employed  as  a  specific  test  in  infections 
other  than  syphilis — namely,  cholera,  whooping  cough,  gonorrhoea,  schistoso¬ 
miasis,  and  hydatid  disease — specific  antigens  being  employed. 

In  the  case  of  syphilis,  Wassermann  originally  used  for  antigen  the  extract 
of  the  liver  of  a  syphilitic  foetus  rich  in  spironemata.  It  has  been  shown,  however, 
that  syphilitic  antigen  is  not  necessary  for  the  Wassermann  test  because  alcoholic 
extracts  of  normal  tissues  will  deviate  or  fix  complement  in  the  presence  of 
syphilitic  serum.  Alcoholic  extracts  of  human  heart  muscle  prove  efficient 
antigens  in  lieu  of  syphilitic  material,  the  essentials  in  these  extracts  being 
certain  fatty  or  lipoidal  substances. 

It  is  necessary  that  all  the  glassware  used  in  the  test  should  be  washed  well 
in  distilled  water  or  normal  saline  solution,  then  dried  and  sterilized.  In 
a  laboratory  where  other  routine  examinations  are  being  carried  out  it  is 
advisable  to  keep  a  separate  stock  of  glassware  for  Wassermann  tests. 

For  the  test  the  following  are  necessary : 

(1)  The  haemolytic  immune  body  for  sheep’s  blood  corpuscles.  (2)  The  com¬ 
plement.  (3)  Antigen.  (4)  A  suspension  of  washed  sheep’s  red  cells.  (5)  The 
patients’  serum.  (6)  Control  normal  serum.  (7)  Control  syphilitic  serum. 

The  preparation  of  these  reagents  must  be  referred  to  in  detail. 

(1)  The  haemolytic  immune  body  or  haemolysin  for  sheep’s  blood  corpuscles 
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is  obtained  from  the  rabbit,  and  is  prepared  by  injecting  a  rabbit  intraperi- 
toneally  with  the  washed  red  cells  of  a  sheep. 

Blood  is  removed  as  aseptically  as  possible  from  the  jugular  vein  of  a  sheep. 
5-10  c.c.  of  blood  being  withdrawn  by  means  of  a  syringe  and  placed  in  a  sterile 
centrifuge  tube  containing  1  per  cent  sterile  sodium  citrate  solution  and  gently 
but  thoroughly  mixed  in  this  solution  to  prevent  coagulation.  The  citrated 
blood  is  centrifuged  for  five  minutes  and  the  supernatant  fluid  pipetted  off. 
Then  sterile  normal  saline  solution  is  added  by  means  of  a  pipette  and  the 
blood  cells  and  saline  are  thoroughly  mixed  and  centrifuged.  The  supernatant 
fluid  down  to  the  red  cells  is  removed  and  fresh  saline  solution  added,  mixed, 
and  centrifuged.  This  process  of  washing  the  red  cells  is  done  at  least  three 
times  to  remove  all  trace  of  serum  and  sodium  citrate  solution.  The  corpuscles 
are  now  ready  for  injection  into  the  peritoneal  cavity  of  a  rabbit.  The  injections 
are  carried  out  every  four  days.  For  the  first  dose  inject  1  c.c.,  the  second 
dose  is  2  c.c.,  and  the  third  dose  is  3  c.c.  Three  to  four  days  after  the  last 
injection  the  rabbit  is  bled  to  death  by  severing  the  carotid  artery,  the  blood 
being  made  to  flow  into  a  sterile  jar  or  cylinder  and  allowed  to  stand  in  the 
ice-chest  for  a  few  hours.  The  clear  serum  is  drawn  off  in  a  sterile  test  tube 
and  inactivated  by  heating  at  56°  C.  for  30  minutes.  It  should  then  be  titrated 
for  the  purpose  of  ascertaining  what  is  the  smallest  amount  of  this  serum  which 
will  produce  complete  haemolysis  when  mixed  with  0T  c.c.  of  complement 
and  1  c.c.  of  a  5  per  cent  suspension  of  sheep’s  red  cells  if  placed  for  two  hours 
in  the  incubator  at  37°  C. 

Method  of  titration  of  the  haemolytic  immune  body.  Take  10  test  tubes  and 
number  them  1  to  10  with  a  grease  pencil.  Take  a  pipette  graduated  in  1  /10  c.c. 
and  draw  up  0T  c.c.  inactivated  rabbit’s  serum  and  place  it  in  a  10  c.c.  graduated 
cylinder.  Take  another  pipette  and  add  to  this  serum  1-9  c.c.  normal  saline 
solution,  shake  the  mixture  thoroughly  and  place  1  c.c.  of  the  mixed  serum 
and  saline  in  test  tube  No.  1,  which  will  now  contain  -05  c.c.  of  serum.  The 
graduated  cylinder  also  contains  the  same  amount,  1  c.c.,  of  serum  in  normal 
saline.  Add  to  the  cylinder  1  c.c.  of  normal  saline,  shake  well  and  take  1  c.c. 
and  add  it  to  the  test  tube  No.  2.  To  the  remaining  1  c.c.  in  the  cylinder  add 
1  c.c.  saline  solution,  shake  well  and  add  1  c.c.  to  test  tube  No.  3.  In  this 
manner  the  dilutions  are  carried  down  to  test  tube  No.  8.  Test  tubes  Nos.  9 
and  10  are  used  as  controls  and  do  not  contain  rabbit’s  serum.  In  test  tubes 
9  and  10  place  1  c.c.  normal  saline  solution.  From  the  original  dilution  of  tlx® 
rabbit’s  serum  it  is  an  easy  matter  to  draw  up  a  table  showing  the  various 
amounts  of  the  rabbit’s  serum  in  each  of  the  test  tubes.  To  add  complement 
draw  up  1  c.c.  of  fresh  serum  from  a  guinea-pig,  place  it  in  a  test  tube,  add  9  c.c. 
normal  saline  solution  and  mix  thoroughly.  Then  add  1  c.c.  of  this  mixture 
to  test  tubes  1—9.  Each  test  tube  will  then  contain  0T  c.c.  complement.  In 
test  tube  No.  10  instead  of  complement  add  1  c.c.  normal  saline  solution. 

The  addition  of  5  per  cent  suspension  of  sheep’s  red  cells  is  carried  out  as 
follows  :  Blood  is  withdrawn  from  a  sheep’s  vein,  placed  in  1  per  cent  citi’ate 
of  soda  solution,  centi’ifuged  and  washed  in  saline  solution  as  previously  desci’ibed. 
After  the  final  washing  the  supernatant  salt  solution  is  removed  and  1  c.c.  of 
the  red  cells  taken  out  and  carefully  dropped  into  a  flask  containing  19  c.c.  of 
‘normal  saline  solution.  Mix  carefully.  Then  take  a  pipette  and  place  1  c.c. 
of  the  red  cell  suspension  in  each  of  the  10  test  tubes.  Shake  each  test  tube 
gently  and  place  it  in  a  rack  in  the  incubator  at  37°  C.  for  2  hours,  examining 
the  test  tubes  and  noting  the  degree  of  haemolysis  in  each  tube  at  the  end  of 
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15  minutes,  30  minutes,  1  hour  and  2  hours.  Tubes  1-6  will  probably  show 
complete  and  tubes  7  and  8  incomplete  haemolysis.  Tubes  9  and  10  should 
show  no  haemolysis.  Twice  the  amount  of  rabbit’s  serum  in  the  test  tube 
containing  the  smallest  amount  of  rabbit’s  serum  in  which  complete  haemolysis 
has  occurred  at  the  end  of  2  hours  represents  the  dose  of  the  haemolytic  immune 
body  to  be  used  for  the  Wassermann  test. 

Having  ascertained  the  dosage  the  remainder  of  the  inactivated  rabbit’s 
serum  is  then  sealed  in  sterile  glass  phials  and  stored  in  the  ice-chest.  When 
stored  under  these  conditions  in  the  tropics  the  serum  will  remain  potent  for 
three  to  four  months. 

In  immunizing  rabbits  for  the  production  of  haemolytic  immune  body  it  is 
advisable  to  immunize  several  rabbits  at  the  same  time. 

(2)  The  complement.  Serum  from  a  guinea-pig  should  be  obtained  on 
the  same  day  that  the  test  is  to  be  performed.  This  ensures  that  it  will  be 
fresh.  Remove  the  hair  from  the  neck  of  the  guinea-pig  and  render  the  animal 
unconscious  by  a  blow  on  the  head.  Then  with  a  knife  sever  the  large  vessels 
of  the  neck,  cutting  in  an  outward  direction  and  anterior  to  the  trachea.  The 
blood  is  received  into  sterile  centrifuge  glasses  by  means  of  a  sterile  glass  funnel. 
The  clotted  blood  is  centrifuged  and  the  clear  serum  removed. 

Great  variation  in  the  amount  of  complement  does  not  occur,  and  as  a  general 
rule  it  will  be  found  that  0T  c.c.  complement,  when  mixed  with  haemolytic 
immune  body  and  1  c.c.  of  a  5  per  cent  suspension  of  the  red  cells,  will  produce 
haemolysis.  For  accurate  work,  however,  it  is  advisable  to  titrate  the  guinea- 
pig’s  serum  to  ascertain  the  amount  necessary  to  produce  complement  haemolysis 
of  1  c.c.  of  a  5  per  cent  suspension  of  red  cells  when  mixed  with  the  proper 
amount  of  haemolytic  immune  body  and  incubated  for  two  hours  at  37°  C. 

Titration  of  complement.  Take  9  test  tubes,  number  them  with  a  grease 
pencil  and  place  in  them  increasing  amounts  of  complement,  commencing 
with  0  02  c.c.  guinea-pig’s  serum  in  tube  1  and  finishing  with  0  08  in  tube  9. 
Sufficient  normal  saline  is  then  added  to  the  serum  in  each  tube  to  make  the 
total  quantity  1  c.c.  Add  to  each  tube  1  c.c.  of  normal  saline  containing  the 
proper  amount  of  haemolytic  immune  body  and  follow  this  by  the  addition 
of  1  c.c.  of  a  5  per  cent  suspension  of  red  cells.  Shake  each  test  tube  and  place 
the  series  in  the  incubator  at  37  C.  Examine  at  intervals  up  to  two  hours, 
and  at  the  end  of  that  time  take  the  reading.  Haemolysis  begins  earliest  in 
tube  9,  which  contains  the  largest  amount  of  guinea-pig’s  serum.  In  most 
instances  the  smallest  dose  producing  complete  haemolysis  is  0  05  c.c.  When 
this  is  so  the  proper  dose  would  be  twice  that  amount  or  0  1  c.c.,  the  dose  of 
complement  always  being  twice  the  amount  which  will  produce  complete 
haemolysis  of  1  c.c.  of  a  5  per  cent  suspension  of  sheep’s  red  cells. 

(3)  The  antigen.  Alcoholic  extracts  of  normal  heart  muscle  serve  as  excellent 
substitutes  for  extracts  of  syphilitic  organs  and  are  more  stable  than  watery 
extracts,  which  were  originally  employed.  Artificial  antigens  are  in  the  market, 
but  are  unreliable,  especially  in  the  tropics. 

Normal  human  heart  muscle  is  obtained  from  the  cadaver  as  soon  after 
death  as  possible.  The  tissue  is  cut  up,  finely  subdivided  and  macerated  in 
a  mortar  ;  5  c.c.  of  95  per  cent  alcohol  are  added  for  each  gramme  of  the 
organ.  The  mixture  is  placed  in  a  sterile  bottle,  hermetically  sealed,  kept  at 
room  temperature  and  shaken  from  time  to  time.  In  using  the  antigen  it  is 
the  clear  supernatant  fluid  that  is  taken  for  the  test.  In  the  tropics  it  is 
advisable  to  prepare  fresh  antigen  every  three  months. 
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Before  an  extract  is  used  it  should  be  tested  with  known  syphilitic  and 
normal  sera,  the  usual  dose  employed  in  the  test  is  0-2  c.c. 

(4)  Suspension  of  sheep’s  red  cells.  In  carrying  out  the  Wassermann  test 
it  is  necessary  to  use  red  cells  with  their  own  specific  haemolytic  immune 
body.  The  red  cell  suspension  is  prepared  on  the  day  of  the  test  by  withdrawing, 
by  means  of  a  syringe,  the  blood  from  the  vein  of  a  sheep. 

Repeated  or  too  frequent  bleeding  of  the  sheep  is  liable  to  induce  haemolysis, 
so  it  is  advisable  to  keep  two  animals  for  the  purpose  and  use  them  alternately. 
After  withdrawal  of  the  blood  it  is  placed  in  1  per  cent  citrate  of  soda  solution, 
centrifuged  and  washed  in  the  manner  described  under  the  preparation  of  the 
haemolytic  immune  body.  After  the  final  washing  the  saline  solution  is  removed 
and  1  c.c.  of  the  washed  red  cells  is  added  to  19  c.c.  of  normal  saline  and 
thoroughly  but  gently  mixed.  In  the  test  1  c.c.  of  this  mixture  is  used. 

(5)  and  (6)  Preparation  of  the  patient’s  serum  and  control  sera.  It  is 
advisable  to  collect  the  blood  from  the  patient  the  evening  before  the  test  and 
to  allow  it  to  stand  in  the  ice  chest  overnight.  The  blood  is  obtained  by  aseptic 
methods  from  one  of  the  veins  in  the  arm,  5-10  c.c.  being  collected  in  a  sterile 
test  tube.  The  following  morning  the  serum  is  withdrawn,  centrifuged,  and 
so  freed  from  red  cells.  If  haemolysis  has  occurred  the  serum  should  be  rejected. 
After  the  clear  serum  is  obtained  it  is  inactivated  by  heating  it  in  a  water  bath 
at  a  temperature  of  56°  C.  for  30  minutes,  special  care  being  exercised  that 
this  temperature  is  maintained  and  not  exceeded.  The  dose  of  human  serum 
remains  constant  and  is  generally  0-2  c.c.  In  carrying  out  a  quantitative  test 
smaller  amounts  are  used  in  order  to  determine  what  is  the  least  quantity 
of  the  syphilitic  serum  that  will  give  a  positive  test. 

In  every  test  control  syphilitic  and  normal  sera  should  be  employed,  and 
these  are  treated  in  exactly  the  same  manner  as  the  serum  to  be  tested. 

Technique  of  the  test.  After  the  various  reagents  have  been  prepared 
proceed  as  follows  :  Draw  up  a  protocol  or  chart  with  the  names  of  the  patients. 

Each  serum  to  be  tested  must  have  a  control  test  in  which  the  antigen  or 
extract  is  omitted.  Control  syphilitic  and  normal  sera  must  also  be  used  in  the 
test  and  two  controls  put  up,  one  to  show  that  extract  alone  without  serum 
will  not  bind  complement,  and  another  control,  which  contains  neither  serum 
nor  extract  but  only  the  haemolytic  system,  is  put  up  to  show  that  the 
haemolytic  system  is  working  satisfactorily. 

No  value  can  be  attached  to  the  results  of  any  test  unless  all  the  controls 
are  working  satisfactorily. 

Take  sterile  test  tubes  and  number  them  1  to  8.  Test  tubes  1  and  2  contain 
the  serum  to  be  tested,  3  and  4  the  control-syphilitic  sera,  5  and  6  control 
normal  sera,  while  test  tube  7  is  a  control  tube  to  show  that  extract  alone  does 
not  bind  complement,  and  test  tube  8  is  another  control  tube  to  show  that 
the  haemolytic  system  is  working  properly  ;  this  tube  contains  neither  serum 
nor  extract. 

Before  commencing  the  test  it  is  assumed  that  the  dose  of  haemolytic  immune 
body  has  been  previously  ascertained  and  that  the  dose  of  the  extract,  viz. 
0-2  c.c.  in  1  c.c.  saline,  is  correct.  On  the  morning  of  the  test  the  complement 
is  titrated  as  described  under  Preparation  of  Complement.  As  a  general  rule 
the  dose  of  complement  is  0T  c.c. 

For  the  test  take  0-4  c.c.  of  the  serum  to  be  tested,  which  has  been  previously 
inactivated  by  heating  in  a  water  bath  at  56°  C.  for  30  minutes,  and  place  it 
in  test  tube  1.  To  this  add  1-6  c.c.  normal  saline  solution  and  shake  to  ensure 
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thorough  mixing.  By  means  of  a  pipette  withdraw  1  c.c.  of  the  mixture  and 
place  it  in  tube  2.  In  tube  3  place  0-4  c.c.  syphilitic  inactivated  serum  and 
add  1-6  c.c.  saline,  mix  and  place  1  c.c.  of  the  mixture  in  tube  4.  In  tube  5  place 
0-4  c.c.  normal  serum,  previously  inactivated,  and  to  it  add  1-6  c.c.  normal 
saline,  mix  and  place  1  c.c.  of  the  mixture  in  tube  6.  Tubes  1  to  6  now  each 
have  1  c.c.  of  saline  containing  0-2  c.c.  serum.  In  tubes  7  and  8  jflace  1  c.c. 
normal  saline.  All  the  tubes  then  contain  1  c.c.  of  fluid.  The  extract  should 
now  be  added  to  tubes  1,  3,  5,  and  7,  so  that  each  contains  the  proper  dose  of 
extract,  viz.  0-2  c.c.  To  carry  this  out,  withdraw,  by  means  of  a  pipette,  0*8  c.c. 
of  the  clear  extract  and  place  it  in  a  test  tube  ;  by  means  of  another  pipette 
add  3-2  c.c.  normal  saline,  drop  by  drop,  shaking  the  tube  after  every  drop 
so  as  to  ensure  a  turbid  emulsion.  Having  mixed  the  emulsion  thoroughly 
place  1  c.c.  in  tubes  1,  3,  5,  and  7,  these  tubes  now  each  contain  0*2  c.c.  extract 
in  0-8  c.c.  saline.  Tubes  2,  4,  6,  and  8  do  not  contain  extract,  as  they  serve  as 
controls  ;  to  each  of  these  tubes  add  1  c.c.  normal  saline,  so  that  each  tube  in 
the  rack  contains  2  c.c.  of  fluid.  For  the  addition  of  complement  take  up 
1  c.c.  of  guinea-pig’s  fresh  and  clear  serum,  place  it  in  a  test  tube  and  add 
9  c.c.  normal  saline  solution — mix  thoroughly  by  shaking.  By  means  of  a  jnpette 
add  1  c.c.  of  the  mixed  serum  and  saline  to  each  of  the  test  tubes  1  to  8  inclusive. 
After  complement  has  been  added  the  tubes  should  be  gently  shaken  and  then 
placed  in  the  incubator  at  37°  C.  for  30  minutes.  During  this  period  the 
haemolytic  immune  body  should  be  prepared  and  suitably  diluted  with  saline 
solution,  so  that  each  tube  will  contain  the  correct  dosage.  Then  prepare  the 
5  per  cent  suspension  of  washed  red  cells  of  the  sheep. 

At  the  end  of  30  minutes  incubation  at  37°  C.  the  tubes  are  removed  from 
the  incubator  and  1  c.c.  saline  containing  the  correct  dose  of  haemolytic  immune 
body  is  added  to  each  of  the  tubes.  Then  1  c.c.  of  the  5  per  cent  suspension 
of  red  cells  is  added  in  the  same  way  and  every  tube  gently  shaken  to  ensure 
thorough  mixing.  The  tubes  are  then  returned  to  the  incubator  and  the  results 
noted  at  the  end  of  2  hours.  They  are  then  kept  at  room  temperature,  or  if 
the  weather  be  very  hot  are  placed  in  the  ice-chest  and  the  results  checked 
finally  the  following  morning. 

If  the  controls  are  not  working  satisfactorily  the  results  of  the  test  are 
useless. 

Tube  1  (the  serum  to  be  tested)  may  or  may  not  show  haemolysis,  according 
as  the  serum  is  negative  or  positive. 

Tube  2  should  show  complete  haemolysis  because  serum  in  the  absence  of 
extract  should  not  bind  complement. 

Tube  3  represents  the  control  syphilitic  serum  and  should  show  no 
haemolysis,  the  fluid  medium  above  the  cells  being  quite  clear.  This  illustrates 
a  complete  positive  reaction  due  to  the  fact  that  a  known  syphilitic  serum 
with  extract  binds  complement. 

Tube  4  should  show  complete  haemolysis  because  a  known  syphilitic  serum 
cannot  bind  complement  in  the  absence  of  extract. 

Tube  5  should  show  complete  haemolysis,  or  a  complete  negative  reaction 
as  normal  serum  does  not  deviate  complement. 

Tube  6  shows  complete  haemolysis  because  there  is  no  binding  of  complement 
with  a  known  normal  serum  without  extract. 

Tube  7  should  show  complete  haemolysis  as  extract  alone  does  not  bind 
complement. 

Tube  8  should  also  show  complete  haemolysis,  as  it  represents  the  haemolytic 
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system,  consisting  entirely  of  complement,  haemolytic  immune  body  and 
red  cells. 

Reporting  on  the  results  of  a  test  it  will  be  found  useful  to  designate  a 
complete  negative  thus  —  —  —  —  ;  intermediate  stages,  such  as  a  partial  positive 
reaction,  may  be  designated  as  +  +  —  —  d 

Cerebrospinal-fluid  may  be  employed  in  the  test,  but  with  certain  modifica¬ 
tions.  The  fluid  should  be  centrifuged  free  from  cellular  elements  and  should 
be  tested  as  soon  as  possible  after  withdrawal,  and,  moreover,  should  not  be 
heated  as  it  does  not  contain  haemolytic  complement.  According  to  Browning 
and  Mackenzie  the  best  results  with  cerebrospinal  fluid  are  obtained  by  using 
lecithin  and  lecithin-cholesterin  extracts  in  two  different  series  of  tubes, 
a  comparison  being  made  between  the  amount  of  complement  absorbed  by 
lecithin  and  by  lecithin-cholesterin. 

Into  each  of  two  test  tubes  place  3-5  c.c.  spinal  fluid  and  on  to  the  surface 
of  the  fluid  in  one  tube  pour  0-5  c.c.  alcoholic  lecithin  solution  and  a  similar 
quantity  of  lecithin-cholesterin  solution  on  to  the  fluid  in  the  other.  Each  tube 
is  slowly  rotated  to  ensure  mixing.  Two  series  of  tubes  are  then  taken  and 
0-5  c.c.  of  the  lecithin  spinal  fluid  mixture  is  placed  in  each  tube  of  the  one 
series,  and  a  similar  quantity  of  the  lecithin-cholesterin  spinal  fluid  mixture 
in  each  tube  of  the  other.  Add  to  each  series  increasing  amounts  of  complement 
and  incubate  for  1  \  hours  at  37°  C.  Add  to  each  tube  1  c.c.  sensitized  corpuscles 
and  incubate  for  a  further  lj  hours  at  37°  C.  A  control  experiment  should  be 
made  to  determine  the  amount  of  complement  absorbed  by  the  spinal  fluid 
and  by  emulsions  in  salt  solution  of  lecithin  and  lecithin-cholesterin  respectively, 
the  emulsions  being  put  up  in  the  proportion  of  1  in  7  of  saline. 

In  reading  the  results  if  there  be  a  difference  of  two  or  three  more  doses  of 
complement  absorbed  with  lecithin-cholesterin  than  with  lecithin  alone  the 
evidence  is  in  favour  of  the  spinal  fluid  being  positive  for  syphilis.  A  more 
marked  difference,  say  of  five  or  more,  is  conclusive. 

In  syphilitics  the  cerebrospinal  fluid  as  a  rule  gives  a  negative  reactino,  while 
in  parasyphilis,  more  especially  in  general  paralysis,  a  positive  reaction  is 
commonly  obtained. 

Wassermann  test  (ice-box  method).  (Fairley’s  technique.) 

Rationale.  This  method  differs  from  the  ordinary  one  in  the  fact  that  the 
system  composed  of  antigen,  complement,  and  suspected  luetic  serum  is  placed 
in  the  ice-box  at  8°  C.  for  a  period  of  3  to  24  hours.  At  such  a  low 
temperature  the  time  available  for  complement  to  be  absorbed  is  increased  ; 
moreover  the  low  temperature  appears  to  increase  the  thermostability  of 
complement,  without  decreasing  the  power  of  syphilitic  immune  body  or 
lipotropic  substance  to  unite  with  complement  and  antigen. 

Technique.  (1)  The  antigen  advocated  by  Fildes  and  McIntosh  is  used. 
The  1  per  cent  alcoholic  solution  of  cholesterin  is  stored  at  room  temperature, 
the  10  per  cent  alcoholic  extract  of  human  heart  at  8°  C.  The  antigen  should 
be  tested  occasionally  for  haemolytic  properties  and  the  anticomplementary  dose 
estimated.  Never  more  than  half  the  anticomplementary  dose  is  to  be  used. 

(2)  A  fresh  suspension  of  3  per  cent  sheep’s  corpuscles  is  made,  the  blood 
being  obtained  from  a  sheep  especially  kept  for  the  purpose.  After  citration 
(2  per  cent  sodium  citrate  in  saline)  the  corpuscles  are  repeatedly  washed  with 
saline  and  centrifugalized.  The  corpuscular  suspension  is  sensitized  by  adding 
4  M.H.D.  of  haemolytic  serum  and  incubating  at  37°  C.  for  half  an  hour.  The 
mixture  is  then  kept  at  8°  C.  till  required. 

Significance  of  the  Wassermann  Reaction,  see  Vol.  II,  Syphilis. 
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(3)  Blood  is  obtained  from  the  patient  within  24  hours  of  performing  the 
test  and  stored  in  the  ice-chest,  and  the  serum  diluted  with  four  volumes  of 
saline  and  heated  to  55°  C.  for  20  minutes  ;  complement  and  any  thermolabile 
anticomplementary  body  present  in  the  serum  being  thereby  destroyed.  Any 
serum  exhibiting  anticomplementary  tendency  in  the  serum  control  tubes  or 
any  serum  in  which  microbic  infection  is  suspected,  is  retested  at  a  later  date. 

(4)  Complement  obtained  from  the  serum  of  a  healthy  guinea-pig  is  left 
in  contact  with  the  clot  in  the  ice-chest  for  six  hours  before  use,  the  M.H.D.  of 
complement  always  being  accurately  determined. 

Arrangement  of  the  system  for  the  final  test  by  the  ordinary 
method.  Small  volumes  of  reagents  are  measured  by  Donald’s  dropping 
pipettes.  The  total  volume  in  the  final  stage  of  the  reaction  is  5  c.c.,  and 
each  volume  of  the  reagent  equals  1  c.c.  Racks  containing  four  rows  of 
tubes  are  utilized,  and  the  system  put  up  as  follows  : 

(1)  In  the  first  row  every  tube  receives  one  volume  each  of  antigen,  serum, 
and  saline,  and  one  volume  of  complement  diluted  so  that  it  contains  3  M.H.D. 
of  complement. 

(2)  In  the  second  row  every  tube  receives  similar  volumes  of  the  above 
reagents,  except  that  the  volume  of  complement  used  contains  5  M.H.D. 

(3)  In  the  third  row  every  tube  receives  similar  volumes  of  reagents,  but 
the  volume  of  complement  used  contains  7  M.H.D. 

(4)  In  the  fourth  row  every  tube  receives  only  serum,  saline,  and  comple¬ 
ment  (3  M.H.D.),  and  serves  to  detect  the  presence  of  any  anticomplementary 
tendency  in  the  serum  under  examination. 

Two  antigen  controls,  one  containing  one  volume,  and  the  other  two  volumes 
of  antigen,  are  included,  and  also  a  pooled  negative,  and  a  pooled  positive  serum. 

In  the  ordinary  method  the  above  system  is  incubated  for  one  hour  at  37°  C. 
and  then  one  volume  of  sensitized  sheep’s  corpuscles  is  added,  the  racks  are 
repeatedly  shaken  and  readings  registered  at  intervals  of  15  minutes  at  37°  C. 
Final  readings  are  generally  made  at  the  end  of  the  hour. 

In  the  ice-box  method  4,  6,  8,  and  4  M.H.D.  of  complement  are  used, 
an  additional  1  M.H.D.  of  complement  being  added  to  compensate  for  the 
slightly  increased  tendency  for  fixation  of  complement  by  normal  sera  with 
this  method. 

The  time  employed  for  the  first  stage  is  always  six  hours  at  8°  C.  Sensitized 
corpuscles  are  then  added  and  readings  registered  every  15  minutes  at  37°  C., 
as  with  the  ordinary  method. 

The  specificity  of  the  Wassermann  reaction.  For  practical  purposes  it  may 
be  stated  that  it  is  a  specific  test  for  syphilis  ;  positive  reactions,  however, 
have  been  reported  in  yaws,  relapsing  fever,  goundou,  tuberculous  leprosy, 
and  trypanosomiasis. 

The  clinical  application  of  the  reaction.  A  positive  reaction  may  be  obtained 
ten  to  thirty  days  after  the  appearance  of  the  primary  sore  or,  roughly  speaking, 
five  to  eight  weeks  after  infection,  and  with  the  increasing  age  of  the  infection 
the  proportion  of  positive  reactions  increases,  the  resulting  dissemination  of 
the  spironemata  in  the  tissues  producing  specific  reactionary  changes  in  the 
serum.  The  greatest  number  of  positive  reactions  (95  per  cent)  are  obtained 
in  the  secondary  stage  of  the  disease,  while  nearly  80  per  cent  of  cases  in  the 
tertiary  stage  yield  positive  reactions.  In  primary  syphilis  the  reaction  often 
becomes  positive  after  a  provocative  injection  of  606  (0-25  grm.).  When 
a  diagnosis  has  been  made  by  the  finding  of  S.  pallidum  in  scrapings  from  the 
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chancre  a  Wassermann  test  should  always  be  carried  out  before  treatment  is 
begun. 

As  a  diagnostic  aid  the  test  is  a  valuable  one,  more  especially  in 
determining  the  character  of  extra  genital  sores  and  other  atypical  lesions ; 
in  such  instances  if  a  negative  reaction  is  obtained  it  is  advisable  to  carry  out 
repeated  tests  as  it  is  improbable  that  a  negative  reaction  will  be  repeatedly 
obtained  if  active  syphilitic  lesions  be  present. 

In  cases  of  latent  syphilis — i.  e.,  where  there  are  no  active  manifestations — 
the  test  is  of  value,  inasmuch  as  it  has  been  shown  that  positive  reactions  may 
be  obtained  in  50  per  cent  of  such  cases. 

In  congenital  syphilis  the  results  have  been  inconstant  as  regards  the  mother 
and  child  ;  both  may  yield  positive  or  negative  reactions,  or  the  one  may  be 
positive  and  the  other  negative  or  vice  versa. 

In  parasyphilis  the  reaction  is  positive  in  practically  every  case  of  general 
paralysis  and  in  about  70  per  cent  of  cases  of  locomotor  ataxia. 

In  the  case  of  doubtful  growths  or  tumours  a  negative  reaction  is  evidence 
against  syphilis  ;  a  positive  reaction  does  not  necessarily  imply  that  the  growth 
is  syphilitic  but  more  probably  that  the  patient  has  previously  suffered  from 
a  syphilitic  infection. 

The  effect  of  antisyphilitic  treatment  on  the  Wassermann  reaction.  The 

test  affords  an  indication  of  the  efficacy  or  otherwise  of  treatment.  Where  the 
treatment  has  been  efficient  the  serum  which  has  previously  given  a  positive 
reaction  will  subsequently  give  a  negative  one.  Hence  the  Wassermann  test 
should  be  used  to  control  treatment,  the  test  being  carried  out  every  few  months. 

Tests  should  also  be  carried  out  at  intervals  after  cessation  of  treatment, 
a  return  to  a  positive  reaction  indicating  that  further  treatment  is  necessary. 

In  the  tertiary  stage  of  syphilis  it  is  exceptional  to  obtain  a  completely 
negative  reaction,  no  matter  what  treatment  be  adopted. 

COMPLEMENT  FIXATION  TEST  FOR  GONORRHOEA  (D.  Thomson). 

Clinically  this  test  should  prove  of  great  value  not  only  in  the  diagnosis 
of  obscure  joint  diseases  but  also  in  proving  whether  any  given  case  is  free  from 
infection.  The  test  is  capable  of  indicating  the  presence  of  the  disease  long 
after  the  disappearance  of  the  gonococci  as  observed  by  microscopical  and 
cultural  tests. 

Preparation  of  antigen. 

(1)  A  standard  emulsion  of  gonococci  in  0-5  per  cent  NaH2P04  plus  0-5  per 
cent  carbolic  acid  is  prepared,  so  that  1  c.c.  contains  1,000  million  organisms 
per  c.c.,  and  placed  in  a  sealed  test  tube  about  1  inch  in  diameter. 

(2)  Shake  up  a  profuse  growth  of  gonococci  (24  hours  incubation)  in  a  test 
tube  containing  beads  and  about  6  c.c.  physiological  saline  solution. 

(3)  Add  one  half  of  this  concentrated  emulsion  to  a  test  tube  A  of  the  same 
diameter  as  that  which  contains  the  standard,  and  add  the  other  half  to  a  similar 
test  tube  B. 

(4)  Dilute  the  emulsion  in  tube  A  till  it  exactly  matches  the  standard 
containing  1,000  millions  per  c.c. 

(5)  To  the  tube  B  add  a  few  c.c.  N/10  sodium  hydrate  to  dissolve  the  gono¬ 
cocci,  a  clear  alkaline  solution  will  be  obtained.  Then  add  N/10  hydrochloric 
acid  gradually  till  the  solution  is  just  neutral  or  faintly  alkaline  to  litmus, 
so  That  a  nearly  neutral  solution  of  gonococci  is  obtained.  Add  to  this  0-85 
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per  cent  saline  containing  0-5  per  cent  carbolic  acid  till  the  volume  is  exactly 
the  same  as  in  tube  A,  prepared  as  in  (4)  to  match  the  standard.  This  will 
give  a  solution  containing  1,000  millions  of  dissolved  gonococci  per  1  c.c.  This 
should  be  stored  in  the  ice-chest  as  the  stock  antigen. 

(6)  For  use  dilute  the  stock  antigen  ten  times  with  0-85  per  cent  saline  so 
as  to  bring  it  to  a  strength  corresponding  to  100  millions  per  c.c.  When  used 
this  will  absorb  much  less  than  one  minimum  haemolytic  dose  of  complement. 

In  the  test  it  is  advisable  to  use  a  mixed  antigen  composed  of  several  strains 
of  gonococci. 

Technique  of  the  test. 

(1)  Inactivation  of  the  serum.  The  serum  to  be  tested  is  inactivated 
by  heating  to  55°  C.  for  ten  minutes  in  a  water  bath  before  dilution. 

(2)  Standardization  of  complement.  The  complement  is  titrated  against 
the  stock  antigen  diluted  1  in  10  with  0-85  per  cent  saline  as  used  in  the  test. 
To  twelve  Wassermann  tubes  add  0T  c.c.  guinea-pig’s  serum  (complement) 
diluted  as  follows  : 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

10 

20 

30 

40 

50 

60 

o 

80 

90 

100 

110 

120 

To  each  tube  add  01  c.c.  diluted  antigen  (1  in  10).  Shake  the  tubes  and  place 
in  the  ice-chest  for  one  hour.  Then  place  in  the  water  bath  at  37°  C.  for  half 
an  hour.  Add  to  each  tube  0T  c.c.  fully  sensitized  sheep’s  corpuscles  (3  per 
cent  suspension).  Replace  in  the  water  bath  at  37°  C.  and  take  the  readings 
after  15  minutes.  The  lowest  dilution  of  complement  which  produces  haemolysis 
in  the  tubes  should  be  taken  as  one  minimum  haemolytic  dose  (M.H.D.). 

(3)  The  test.  Four  tubes,  A,  B,  C,  D,  are  employed,  (a)  To  A,  B,  and  C, 
add  0T  c.c.  of  the  inactivated  serum  (diluted  1  in  20)  and  to  D  add  0T  c.c. 
of  the  inactivated  serum  diluted  1  in  5. 

( b )  To  A  add  complement  0  1  c.c.  containing  3J  M.H.D. 

„  B  ,,  ,,  0  1  c.c.  „  3  M.H.D. 

„  C  „  „  0  1  c.c.  „  2J  M.H.D. 

„  D  ,,  „  0  1  c.c.  „  2J  M.H.D. 

(c)  To  A,  B,  and  C  add  0  1  c.c.  mixed  antigen  (diluted  1  in  10).  Tube  D 
acts  as  the  control. 

(d)  Place  the  tubes  in  the  ice-chest  over  night  to  allow  for  thorough  fixation 
of  complement  and  next  morning  add  to  each  0T  c.c.  of  3  per  cent  emulsion 
of  fully  sensitized  corpuscles.  Then  place  the  tubes  in  the  water  bath  at  37°  C. 
and  takq  the  reading  after  15  minutes.  The  control  tube  D  should  show 
complete  haemolysis.  Haemolysis  in  A,  B,  and  C  indicates  a  negative  reaction. 
No  haemolysis  in  A,  B,  and  C  indicates  a  strong  positive.  No  haemolysis  in 
C  alone  indicates  a  weak  positive. 

An  antigen  control  containing  no  serum  but  an  equivalent  amount  of  saline 
and  2J  M.H.D.  is  necessary  since  the  antigen  absorbs  a  considerable  amount 
of  complement  during  the  long  period  of  fixation  in  the  ice-chest.  Control 
known  positive  and  negative  sera  should  always  be  included  in  the  series. 

COMPLEMENT  FIXATION  TEST  FOR  SCHISTOSOMIASIS  (Fairley). 

This  test,  recently  introduced  by  Fairley,  affords  a  means  of  diagnosis  for  early 
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and  latent  schistosomiasis  and  in  the  future  may  assist  as  a  therapeutic  index 
to  the  effects  of  anthelmintic  drugs  employed  in  the  treatment  of  the  disease. 

The  antigen  is  prepared  by  macerating  a  number  of  livers  of  infested  snails 
( P .  boissyi  or  B.  contortus)  in  absolute  alcohol  and  thoroughly  shaking  in  an 
electric  shaker.  The  mixture  is  then  stored  for  24  hours  at  37°  C.,  after  which 
it  is  filtered.  The  filtrate  is  evaporated  at  45°  C.  by  means  of  an  exhaust  pump. 
The  residue  is  then  dried,  weighed,  and  made  up  into  solution  with  0-85  per 
cent  saline  and  0-5  per  cent  phenol  (0  05  gm.  of  residue  to  20  c.c.  solution). 
The  anticomplementary  dose  is  estimated  and  one-third  of  that  amount  is  used 
in  the  test.  As  an  alternative  method  the  concentrated  alcoholic  extract  may 
be  diluted  with  saline  and  not  evaporated  to  dryness.  The  antigen  is  also  tested 
for  haemolytic  tendency. 

The  general  technique  is  similar  to  that  utilized  for  the  Wassermann 
reaction.  Four  rows  of  tubes  are  employed,  the  first,  second,  and  third  rows 
containing,  3,  5,  and  7  M.H.D.  of  complement  respectively  besides  antigen, 
saline,  and  diluted  serum.  The  back  row  contains  3  M.H.D.  of  complement  but 
no  antigen  and  serves  as  a  serum  control.  Antigen  controls  and  known  positive 
and  negative  sera  are  also  included  in  the  system.  The  first  stage  of  the  reaction 
is  conducted  for  one  hour  at  37°  C.  and  then  sensitized  corpuscles  are  added, 
the  final  readings  being  taken  at  the  end  of  another  hour. 

On  an  average  pooled  positive  sera  collected  from  early  cases  of  schisto¬ 
somiasis  fix  7  M.H.D.  of  complement  over  and  above  that  fixed  by  pooled  negative 
sera  in  the  presence  of  specific  antigen.  In  more  chronic  cases  this  excess 
fixation  amounts  to  about  4  M.H.D.  of  complement. 


CHAPTER  27 

PATHOLOGICAL  FLUIDS  :  SPUTUM,  F^CES,  URINE,  ETC. 

Synopsis  :  Pathological  fluids,  p.  563  ;  Nasal  lesions,  p.  567  ;  Lesions  of  the  buccal 
cavity,  p.  568  ;  Lesions  of  the  ear,  p.  569  ;  Lesions  of  the  eye,  p.  569  ;  Sputum,  p.  589  ; 
Gastric  contents,  p.  570  ;  Faeces,  p.  573  ;  Preservation  of  ova  in  faeces  and  urine,  p.  578  ; 
Preservation  and  staining  of  helminths,  p.  578  ;  Examination  of  the  urine,  p.  579  ;  Examina¬ 
tion  of  seminal  stains,  p.  587  ;  Investigation  of  parasitic  skin  diseases,  p.  588. 

EXAMINATION  OF  PATHOLOGICAL  FLUIDS. 

Fluids  obtained  from  the  pleural  and  peritoneal  cavities,  and  from  the  spinal 
canal,  may  occur  as  transudates  or  as  inflammatory  exudates.  It  may  be 
difficult  to  differentiate  them,  but  for  practical  purposes  it  may  be  stated  if  a 
fluid  with  a  specific  gravity  of  over  1020  and  which,  on  the  addition  of  2  drops 
of  5  per  cent  acetic  acid,  gives  a  heavy  precipitate  of  nucleo-albumin  that  such 
a  fluid  is  an  exudate.  Exudates  usually  result  from  inflammatory  processes. 

Pathological  fluids  should  be  received  into  sterile  glasses  and  the  following 
points  noted. 

(1)  Whether  the  fluid  is  clear,  opaque,  or  flocculent  and  whether 
blood  is  present.  Opacity  of  the  fluid  is  generally  due  to  cellular  elements 

.  but  may  be  due  to  fat,  and  if  this  is  in  a  great  amount  the  fluid  is  described  as 
chylous. 

(2)  Specific  gravity  of  the  fluid. 

(3)  Reaction,  after  filtration.  Most  of  the  fluids  under  consideration 
are  alkaline. 
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(4)  Presence  or  absence  of  albumin  and  globulin.  The  acetic  acid 
test  serves  for  the  detection  of  albumin  ;  globulin  is  tested  for  by  adding 
the  fluid  to  a  saturated  solution  of  ammonium  sulphate,  a  ring  will  appear 
at  the  junction  of  the  fluids  when  globulin  is  present.  For  quantitative 
estimation  of  the  albumin  and  globulin  an  Esbach’s  albuminometer  may 
be  used. 

(5)  Presence  or  absence  of  sugar.  The  fluid  should  be  rendered  slightly 
acid,  boiled  and  filtered,  and  the  filtrate  tested  by  Fehling’s,  Trommer’s,  or 
Benedict’s  test. 

(6)  Microscopical  findings.  The  fluid  is  allowed  to  settle  and  the 
deposit  pipetted  off  and  examined  as  a  hanging  drop  preparation  ;  smears 
also  are  made  as  for  blood  films  and  stained  by  Gram’s  method  and  by  Leishman’s 
or  Giemsa’s  stain.  In  the  hanging  drop  preparation  (1)  red  blood  cells  and 
leucocytes,  or  (2)  various  kinds  of  epithelial  cells  and  so-called  malignant  cells, 
either  cancerous  or  sarcomatous,  may  be  seen.  Malignant  cells  are  difficult  of 
detection,  for  they  may  closely  resemble  endothelial  cells  and  lymphocytes.  In 
fluid  derived  from  hydatid  cysts  hooklets  and  scolices  may  be  present,  and  in 
pus  from  a  liver  abscess  entamoebse  are  often  found,  while  pus  from  an  actino¬ 
mycotic  abscess  will  show  the  characteristic  grains.  Examination  of  Leishman- 
stained  preparations  from  the  sediment  is  useful  in  demonstrating  the  types 
of  cells  present  ;  a  relative  predominance  of  any  particular  cell  may  aid  the 
diagnosis.  Polymorphonuclear  leucocytes  in  excess  indicate  an  inflammatory 
process  ;  excess  of  small  lymphocytes  point  to  either  a  tubercular  or  syphilitic 
infection  ;  while  an  excess  of  eosinophils  may  suggest  a  parasitic  infestation 
such  as  a  hydatid  disease  ;  on  the  other  hand,  an  eosinophilia  in  a  pathological 
fluid  may  have  no  significance.  Endothelial  cells  are  derived  from  the  lining 
membranes  of  serous  cavities.  They  may  occur  in  excess  in  cardiac  and  renal 
disease  and  with  cirrhosis  of  the  liver. 

The  Gram-stained  preparations  will  give  some  indication  as  to  whether 
organisms  are  present  in  the  specimen  and  what  cultural  methods  should  be 
employed  to  identify  them. 

Pleural  fluids.  The  usual  site  selected  for  obtaining  pleuritic  fluid  is  the 
9th  or  10th  intercostal  space  midway  between  the  posterior  axillary  and  scapular 
lines,  but  this  site  may  vary  according  to  the  clinical  signs  present.  Aseptic 
methods  for  collection  are  essential.  If  the  pleural  fluid  be  clear,  take  the 
reaction  and  specific  gravity  and  test  for  coagulable  proteids.  Break  up  any 
clot  that  may  have  formed  and  centrifuge  the  specimen.  Pipette  off  a  part  of 
the  cellular  deposit,  make  smear  preparations  and  stain  by  Leishman’s  or 
Gram’s  method.  Examine  the  Leishman-stained  preparation  and  do  a  differential 
cell  count.  If  the  lymphocytes  show  a  relative  predominance,  e.  g.  80  per  cent 
or  more  of  all  the  cells  found,  suspect  tubercle.  Remove  another  portion  of 
the  deposit  and  examine  for  tubercle  bacilli  by  the  methods  employed  for 
tubercle  bacilli  in  the  sputum,  and  if  the  results  are  negative  inoculate  two 
guinea-pigs  with  0-5  to  1  c.c.  of  the  centrifugalized  exudate — subcutaneously 
on  the  inner  side  of  the  thigh  and  intraperitoneally.  If  tubercle  bacilli  are 
present  in  the  exudate  the  guinea-pigs  will  succumb  from  tuberculosis  after 
several  weeks,  but  evidence  of  infection  (nodule  at  site  of  inoculation,  enlarged 
lymphatic  glands,  miliary  tubercles  in  liver  and  spleen)  may  be  obtained  before 
then.  It  is  usual  to  kill  the  guinea-pig  3  weeks  after  inoculation.  If  the  cellular 
exudate  shows  an  excess  of  polymorphonuclear  cells,  pneumococci,  diplococci, 
or  streptococci  are  probably  present,  but  as  a  rule  these  organisms  produce  a 
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purulent  exudate.  An  excess  of  eosinophils  in  the  cellular  exudate  suggests 
a  hydatid  infestation,  but  the  same  may  occur  in  a  pneumococcal  infection. 

If  the  exudate  be  purulent  note  whether  an  odour  be  present.  Make  film 
preparations  as  above  and  the  Gram-stained  preparations  will  give  some 
indication  as  to  the  causal  organisms,  be  they  pneumococci,  streptococci,  or 
Pfeiffer’s  bacilli.  A  smear  of  the  centrifugalized  deposit  should  always  be 
stained  for  tubercle. 

Cultures  of  the  deposit  should  be  made  on  (1)  ordinary  media.  (2)  On  blood 
agar  or  nasgar  for  organisms  of  the  pneumococcal  and  influenzal  group.  (3)  On 
McConkey’s  bile  salt  media  for  evidence  of  B.  typhosus  or  B.  coli. 

An  absence  of  organisms  either  in  smear  preparations  or  cultures  indicates 
that  the  tubercle  bacillus  is  probably  responsible  for  the  condition,  and  special 
cultural  methods  as  well  as  animal  inoculation  should  be  adopted. 

Lung  puncture.  This  has  been  employed  for  the  purpose  of  getting  the 
pneumococcus  direct  from  a  pneumonic  lung  ;  the  blood-stained  fluid  obtained 
is  inoculated  on  suitable  media  for  the  cultivation  of  the  pneumococcus  (p.  512). 

Peritoneal  fluids.  These  are  examined  in  the  same  manner  as  pleural  fluids, 
and  the  character  of  the  cellular  exudate  obtained  may  assist  the  diagnosis. 
Peritoneal  fluids  may  be  clear,  opalescent,  or  purulent.  Opalescent  fluids  are 
often  obtained  in  dropsy  due  to  parenchymatous  nephritis  ;  in  such  fluids  the 
opalescence  is  not  removed  by  filtration  and  is  due  to  the  combination  of  a 
fatty  body  with  a  proteid,  for  the  fat  cannot  be  extracted  by  ether.  In  genuine 
chylous  fluids  as  found  in  filariasis  and  with  lesions  of  the  thoracic  duct  the 
opalescence  is  due  to  fat  which  can  be  extracted  with  ether.  Where  filariasis 
is  suspected  the  blood  should  be  examined  for  evidence  of  parasites. 

Pericardial  fluids.  Those  sent  for  examination  are  usually  purulent,  and  are 
examined  in  the  same  way  as  pleural  fluids. 

Cerebrospinal  fluid.  Normal  cerebrospinal  fluid  is  clear,  somewhat  limpid 
and  colourless,  with  a  specific  gravity  of  1006  ;  it  contains  only  a  trace  of 
globulin,  and  a  reducing  substance.  A  clear  fluid  with  flocculent  threads  is 
obtained  in  syphilitic  and  parasyphilitic  conditions  of  the  nervous  system. 
The  presence  of  a  clot  is  suggestive  of  meningitis,  while  turbidity  indicates 
meningeal  inflammation.  Blood  is  sometimes  present  and  usually  results  from 
the  puncture  of  a  vessel  in  the  operation  of  lumbar  puncture. 

Cytological  examination.  The  fluid  should  be  centrifugalized  for  10 
minutes,  the  sediment  pipetted  off  and  spread  as  films  ;  it  is  then  fixed  and  stained 
by  Leishman’s  and  by  Gram’s  methods.  The  Leishman-stained  film  is  examined 
for  the  presence  of  cells.  In  a  normal  fluid  practically  no  cells  are  found.  In 
a  pathological  fluid  polymorphonuclear  cells  and  lymphocytes  are  usually  present. 
When  polymorphonuclear  cells  abound  there  is  evidence  of  meningitis,  and  the 
causal  organism  will  often  be  found  in  the  Gram-stained  specimen  lying  free 
or  phagocyted.  Lymphocytes  in  excess  are  found  in  chronic  meningococcal 
infections,  tubercular  meningitis,  and  syphilis  of  the  central  nervous  system, 
also  in  trypanosomiasis. 

For  the  detection  of  trypanosomes  in  the  cerebrospinal  fluid  hanging  drop 
preparations  of  the  sediment  and  Leishman-stained  preparations  are  necessary. 

Chemical  tests.  The  only  important  test  is  the  globulin  test ;  it  is  positive 
in  meningeal  inflammation. 

Nonne  Apalt  test  for  globulin.  A  positive  globulin  test  is  obtained  in 
about  90-95  per  cent  of  cases  of  cerebrospinal  syphilis.  Take  1  c.c.  of  a  saturated 
solution  of  ammonium  sulphate  (prepared  by  adding  an  excess  of  ammonium 
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sulphate  crystals  to  water  so  that  after  heating  a  few  crystals  remain  visible). 
Heat  to  boiling  point  and  allow  to  cool.  To  this  add  by  means  of  a  pipette  1  c.c. 
spinal  fluid.  If  the  globulin  is  increased  in  amount  a  more  or  less  distinct  grey 
ring  will  occur  at  the  point  of  contact.  The  tube  is  now  shaken  and  if  the  mixture 
becomes  cloudy  within  three  minutes  the  reaction  is  positive. 

Butyric  acid  test  for  globulin  (Noguchi).  Take  0-2  c.c.  spinal  fluid  in  a 
test  tube  and  add  1  c.c.  of  a  10  per  cent  solution  of  butyric  acid  (Merck)  in  normal 
salt  solution  ;  boil  the  mixture  for  several  minutes.  After  which  0T  c.c.  of 
normal  sodium  hydroxide  is  quickly  added  and  the  boiling  continued  for  a  few 
seconds.  A  granular  or  flocculent  precipitate  indicates  an  excess  of  globulin. 

Colloidal  gold  test  (Lange).  This  test  is  dependent  on  an  increase  in  the 
protein  content  of  the  spinal  fluid.  An  increase  in  the  protein  of  the  spinal  fluid 
indicates  an  organic  infection  of  the  central  nervous  system,  but  does  not  decide 
as  to  the  disease  being  syphilitic  or  not. 

The  presence  of  excessive  protein  in  the  spinal  fluid  causes  a  precipitation  of 
colloidal  gold.  The  test  is  said  to  be  of  more  value  in  the  diagnosis  of  general 
paralysis  than  any  other  single  test,  the  colour  changes  in  the  first  five 
tubes  employed  in  the  test  being  so  constant  that  the  term  ‘  paretic  curve  ’ 
is  applied. 

The  important  point  in  carrying  out  the  test  is  absolute  chemical  cleanliness. 
All  glassware  to  be  used  should  be  thoroughly  cleansed  by  boiling  in  10  per  cent 
potassium  bichromate  solution,  rinsed  in  distilled  water  and  dried  in  the  hot-air 
sterilizer.  The  distilled  water  employed  should  be  triply  distilled  in  an  all-glass 
still  without  rubber  connexions. 

Preparation  of  reagent.  Pour  500  c.c.  triple  distilled  water  into  a  glass 
beaker  and  heat  to  60°  C.  To  this  add  5  c.c.  of  a  1  per  cent  aqueous  solution  of 
yellow  crystalline  gold  chloride  (Merck),  and  3-5  c.c.  of  a  2  per  cent  aqueous 
solution  of  desiccated  potassium  carbonate  ;  continue  to  heat  the  solution  till 
it  reaches  80°  C.,  then  add  5  drops  of  a  1  per  cent  aqueous  solution  of  oxalic  acid, 
stirring  all  the  time  ;  the  solution  should  be  clear.  Continue  heating  to  90°  C., 
then  remove  the  flame  and  add  drop  by  drop  5  c.c.  of  a  1  per  cent  formalin 
solution  and  continue  stirring.  Allow  to  cool.  The  colour  should  be  a  trans¬ 
parent  orange  red  ;  the  orange  colour  may  ap]3ear  before  all  the  formaldehyde 
is  added  in  which  case  no  more  is  required. 

Technique  of  test.  Place  eleven  test  tubes  in  a  rack  and  in  the  first  place 
1-8  c.c.  of  0-4  per  cent  sterile  normal  saline,  and  into  the  other  ten  tubes  place 
1  c.c.  of  0-4  per  cent  saline.  To  tube  1  add  0-2  c.c.  spinal  fluid  and  mix  thoroughly; 
withdraw  1  c.c.  of  the  mixture  and  add  to  tube  2.  Mix  and  withdraw  1  c.c.  and 
add  it  to  tube  3,  repeating  the  procedure  to  tube  10.  Tube  11  serves  as  a  control 
and  contains  no  spinal  fluid.  Tubes  1  to  10  will  contain  dilutions  of  the  spinal 
fluid  from  1—10  to  1-5120.  To  each  of  the  eleven  tubes  add  5  c.c.  of  the  colloidal 
gold  reagent.  The  control  tube  (tube  11)  should  be  of  a  transparent  salmon  pink 
colour.  Allow  the  tubes  to  stand  12  to  24  hours  at  room  temperature  before 
recording  the  final  results.  The  method  of  recording  the  reaction  is  to  plot  a 
curve  on  a  table  (fig.  269). 

Bacteriology  of  the  cerebrospinal  fluid.  The  Gram-stained  specimens 
may  indicate  the  presence  of  pneumococci  or  meningococci  and  special  culture 
media  for  these  should  be  inoculated  (pp.  510,  512). 

If  a  tubercular  meningitis  is  suspected  the  sediment  obtained  by  centri- 
fugalizing  the  fluid  should  be  stained  for  the  causal  organism,  or  cultural  and 
animal  experiments  carried  out  (pp.  520,  564). 
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If  syphilis  or  parasyphilis  be  suspected  carry  out  a  Wassermann  test  and  the 
colloidal  gold  test  with  the  patient’s  cerebrospinal  fluid  ;  the  patient’s  blood 
should  also  be  tested  for  a  positive  Wassermann  reaction.  Syphilis  of  the 
central  nervous  system  usually  gives  a  positive  Wassermann  reaction  with  the 
patient’s  blood,  and  a  negative  reaction  with  the  cerebrospinal  fluid.  In 
parasyphilis  positive  reactions  with  the  blood  and  the  cerebrospinal  fluid  are 
often  obtained. 

Synovial  fluids.  These  are  examined  in  the  same  way  as  the  other  fluids. 
Bacteriologically,  streptococci,  staphylococci,  gonococci,  and  tubercle  bacilli 
may  be  found.  In  the  absence  of  any  bacteriological  findings  a  complement 
deviation  test  should  be  carried  out  in  suspected  gonococcal  infections  (p.  561). 

In  the  tropics  an  effusion  of  synovial  fluid  in  a  joint  may  be  fungal  in  origin 
and  special  technique  and  cultural  methods  are  necessary  to  demonstrate  the 
presence  of  fungi  (p.  589). 
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Fig.  269.  Lange  Colloidal  Gold  Test  (after  Levinson). 


Filariasis  is  also  a  source  of  synovitis  and  should  not  be  overlooked  ; 
the  blood  should  be  examined  for  evidence  of  the  filarial  parasites. 

Lymph  scrotum  and  chylous  dropsy  of  the  tunica  vaginalis.  The  fluid 
obtained  by  puncture  is  centrifugalized  and  the  deposit  examined  for  micro¬ 
filariae  in  hanging  drop  and  stained  preparations. 

Staining  microfilariae.  Allow  the  smear  to  dry.  Fix  in  equal  parts  of 
absolute  alcohol  and  ether  for  10  minutes  and  stain  either  with  weak  carbol 
fuchsin  or  with  warm  alum  hsematoxylin  for  5-10  minutes  ;  wash  gently,  and 
allow  the  film  to  blue  in  tap  water  for  10  minutes. 

Hydatid  cysts.  The  fluid  from  such  cysts  is  usually  diagnosed  by  the  presence 
of  hydatid  hooklets  in  the  centrifuged  deposit. 

EXAMINATION  OF  THE  NASAL  SECRETION  AND  OF  NASAL  LESIONS. 

The  nasal  secretion  is  usually  obtained  for  bacteriological  examination  by 
inserting  sterile  swabs  into  the  posterior  nares.  A  special  curved  swab  enclosed 
in  a  curved  glass  tube  for  taking  material  from  the  posterior  nasopharynx  is 
useful  when  attempting  to  isolate  the  meningococcus.  The  glass  tube  prevents 
soiling  of  the  swab  during  its  passage  through  the  mouth. 
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Micrococcus  catarrhalis ,  pyogenic  organisms,  Klebs-Loffler  bacilli  (nasal 
diphtheria),  and  meningococci  are  among  the  important  organisms  encountered 
in  nasal  secretions.  Smear  preparations,  cultures,  and  possibly  animal  inocula¬ 
tions  may  be  necessary  to  distinguish  the  various  organisms. 

Leprosy.  In  suspected  lepers  examination  of  the  nasal  secretion  will  often 
show  the  bacillus  of  leprosy  to  be  present  when  it  cannot  be  otherwise  demon¬ 
strated. 

Blastomycosis  and  allied  fungal  conditions  may  attack  the  nasal  septum 
and  give  rise  to  destructive  granulomatous  growths.  The  aetiology  of  such 
growths  is  only  determined  by  microscopical  and  cultural  examination  of 
material  obtained  by  puncture  of  the  growth  or  by  histological  examination  of 
the  tissue  removed. 

Espundia  or  muco-cutaneous  Leishmaniasis  attacking  the  nasal  structures 
(Vol.  II)  can  only  be  diagnosed  by  the  finding  of  Leishmania  bodies  in  material 
obtained  from  the  lesions.  To  demonstrate  the  causal  protozoa  smear  prepara¬ 
tions  should  be  made  and  stained  by  Leishman’s  or  Giemsa’s  solution.  Cultures 
in  N.N.N.  medium  (p.  513)  may  be  attempted  but  will  probably  fail  owing  to 
the  presence  of  contaminating  organisms  in  the  lesions. 

Goundou.  A  condition  with  an  unknown  aetiology  in  which  bony  tumours 
of  the  nasal  processes  of  the  superior  maxillary  bones  are  present.  It  is  probably 
a  tertiary  manifestation  of  yaws.  The  blood  serum  invariably  gives  a  positive 
Wassermann  reaction  in  these  cases. 

INVESTIGATION  OF  LESIONS  OF  THE  BUCCAL  CAVITY. 

These  lesions  are  chiefly  of  a  bacterial  nature.  Pyorrhoea  is  occasionally 
found  and  cultures  from  the  pus  will  show  various  pyogenic  organisms  and  also 
spironemata.  Mucous  lesions  of  the  mouth  are  commonly  syphilitic.  To 
examine  the  lesions  the  patient’s  mouth  should  be  well  rinsed  with  sterile  salt 
solution  ;  the  lesion  should  be  isolated  with  cotton- wool  plugs  as  for  dental  work 
and  lightly  punctured  with  a  fine  capillary  pipette  ;  the  material  obtained  is 
examined  by  dark  field  illumination  to  demonstrate  the  Spironema  pallidum . 

Thrush  affecting  the  buccal  cavity  may  occur  in  the  tropics.  Smear 
preparations  from  the  membrane  should  be  stained  by  Gram’s  method  or 
Adamson’s  method  (p.  588)  to  demonstrate  the  causal  fungus  Oidium  albicans. 
Cultures  of  the  fungus  on  Sabouraud’s  medium  are  readily  obtained. 

Follicular  tonsillitis.  Take  swabs  from  the  affected  tonsils,  inoculate  blood 
serum  media,  and  make  smear  preparations.  The  smear  preparations  shonld 
be  stained  by  Gram’s  method  and  with  toluidin  blue.  Diplococci  and  strepto¬ 
cocci  are  commonly  present.  N ocardia  and  Hofmann’s  bacilli  may  occur.  The 
toluidin  blue  stained  preparation  and  the  culture  on  blood  serum  will  serve  as 
a  check  as  to  the  possible  presence  or  absence  of  true  Klebs-Loffler  bacilli. 

Vincent’s  angina.  An  ulcerative  stomatitis  with  a  membrane  which  has  to 
be  differentiated  from  diphtheria.  The  affected  area  should  be  swabbed  and 
smear  preparations  and  cultures  on  blood  serum  prepared.  The  smears  should 
be  stained  by  Gram’s  method,  by  toluidin  blue,  and  by  Leishman’s  stain.  The 
Leishman  stained  preparation  will  show  the  presence  of  spirochsetes  and  fusiform 
bacilli.  The  toluidin  blue  preparation  and  the  culture  on  blood  serum  will 
eliminate  the  possibility  of  any  Klebs-Loffler  bacilli. 

Diphtheria.  For  the  diagnosis  of  this  condition  in  the  tropics  a  throat  swab 
should  be  taken  from  the  affected  area  by  pressing  the  swab  against  the  membrane 
and  rubbing  it  firmly  into  the  lesion  ;  withdraw  the  swab  and  rub  it  gently  over 
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the  surface  of  culture  tubes  of  blood  serum  medium  ;  incubate  the  culture  at 
37°  C.  After  the  culture  has  been  prepared  smear  preparations  should  be  made 
from  the  swab,  fixed  by  heat,  and  stained  by  Gram’s  method  (p.  524)  and  by 
toluidin  blue  (p.  527)  or  Neisser’s  method.  Very  often  a  diagnosis  can  be  made 
after  examination  of  the  smears.  For  the  further  investigation  see  p.  595. 

Investigation  of  the  posterior  nasopharynx  for  meningococcal  carriers.  Sterile 
swabs  placed  on  a  curved  wire  as  devised  by  West  are  the  best  for  obtaining 
smears  from  this  area.  For  methods  of  identification  and  investigation  of  the 
meningococcus  see  p.  596. 

The  carriage  of  throat  swabs  in  the  tropics.  Swabs  from  the  throat  and 
nasopharynx  frequently  arrive  in  such  a  desiccated  condition  that  examination 
is  rendered  difficult.  To  obviate  this  the  swabs  in  their  tubes  should  be  placed 
in  a  wire  cage  covered  with  moistened  cotton  wool  which  in  turn  is  covered  with 
guttapercha  tissue.  When  a  dried  swab  arrives  for  examination  its  point  should  be 
dipped  in  sterile  normal  saline  or  sterile  water  and  smears  and  cultures  prepared. 

BACTERIOLOGICAL  INVESTIGATION  OF  LESIONS  OF  THE  EAR. 

To  obtain  material  from  a  discharge  from  the  ear  it  is  advisable  to  use 
a  sterile  swab  passed  through  a  sterile  ear  speculum.  Smear  preparations 
are  prepared  and  stained  by  Gram’s  method  and  suitable  culture  media  are 
inoculated.  Pyogenic  organisms  are  often  present,  including  B.  pyocyaneus ; 
B.  typhosus  has  also  been  isolated.  The  aspergillus  (A.  niger)  has  frequently 
been  isolated  from  ear  discharges. 

BACTERIOLOGICAL  INVESTIGATION  OF  LESIONS  OF  THE  EYE. 

To  isolate  the  causal  organisms  of  conjunctivitis  the  eye  should  be  gently 
washed  with  sterile  normal  saline,  the  lower  lid  is  then  everted  and  cultures 
obtained  from  the  affected  area  by  means  of  a  platinum  loop.  Serum  agar 
and  nasgar  should  be  employed  for  the  cultivation  of  Koch- Week’s  bacillus, 
the  gonococcus,  and  the  Morax-Axenfeld  bacillus.  In  addition  to  cultures 
smear  preparations  should  be  made  and  stained  by  Gram’s  method.  The 
Klebs-Loffler  bacillus  and  B.  xerosis  may  also  be  obtained  from  the  eye  as  well 
as  diplococci,  streptococci,  and  staphylococci. 

Ulcers  of  the  cornea  may  yield  pneumococci  and  organisms  of  the  eoli  group 
as  well  as  fungi. 

The  lacrymal  sac  is  often  the  seat  of  inflammatory  affections  caused  by 
pyogenic  organisms  as  also  by  M.  catarrhalis.  Fungi  have  also  been  found. 

EXAMINATION  OF  THE  SPUTUM. 

The  sputum  should  be  collected  in  a  clean  bottle  with  a  wide  mouth  and 
close-fitting  stopper. 

The  main  points  to  be  noted  in  the  macroscopical  examination  are  (1) 
quantity,  (2)  colour,  (3)  odour,  (4)  consistence. 

Microscopical  examination.  Fresh  and  stained  preparations  should  be  made. 
Pour  the  sputum  into  a  sterile  Petri  dish  placed  on  a  dark  background  and 
select  a  suitable  piece,  preferably  a  muco-purulent  portion,  and  place  it  on  a 
slide,  cover  with  a  cover-glass  and  examine  in  the  fresh  state,  paying  attention 
to  the  following  points  :  (1)  Cellular  structures,  noting  the  presence  or 
absence  of  epithelial  cells,  liver  cells,  pus  cells,  red  blood  cells,  and  eosinophils. 
The  red  cells  and  eosinophils  can  be  best  demonstrated  by  any  of  the  blood 
stains,  while  methylene  blue  or  carbol  thionin  will  demonstrate  the  other  cells. 
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(2)  The  presence  or  absence  of  elastic  fibres  ;  if  few  in  number  these 
ean  be  best  demonstrated  by  placing  the  sputum  in  a  test  tube  and  adding  an 
equal  quantity  of  10  per  cent  caustic  potash  and  boiling  ;  then  add  8-4  volumes 
of  water  and  allow  the  mixture  to  stand  in  a  conical  glass  for  24  hours,  the 
elastic  fibres  will  then  be  found  to  have  settled  to  the  bottom  when  they  can  be 
examined  microscopically.  (3)  The  presence  or  absence  of  Curschmann’s 
spirals.  These  occur  like  sago  grains  in  the  sputum  of  asthmatic  patients 
and  when  dissected  and  unrolled  appear  as  convoluted  threads.  (4)  The 
PRESENCE  OF  FIBRIN  CASTS  OF  THE  BRONCHI.  (5)  THE  PRESENCE  OF  CRYSTALS, 
either  Charcot-Leyden  which  occur  as  fine  colourless  crystals  with  sharp  points, 
frequently  seen  in  the  sputum  of  asthmatic  patients,  or  cholesterin,  fatty  acid 
crystals,  or  haematoidin  crystals,  the  last  mentioned  occur  as  needles  or  rhom¬ 
boids  of  brown  yellow  colour  and  their  presence  is  indicative  of  an  old  haemo¬ 
rrhage.  (6)  Evidence  of  parasitic  infestation  of  the  lungs,  as  shown  by 
the  presence  of  ova  of  Paragonimus  westermani  or  hydatid  hooklets  or  portions 
of  hydatid  cysts.  Entamoebae  of  dysentery  may  appear  in  the  sputum  consequent 
on  the  rupture  of  an  amoebic  abscess  into  the  lung.  (7)  Evidence  of  bronchial 
spirochetosis.  To  demonstrate  the  bronchial  spirochaetes  the  patient’s 
mouth  should  be  washed  out  several  times  with  sterile  salt  solution  (to  wash 
out  mouth  spirochaetes)  and  the  sputum  then  collected,  a  small  portion  Emulsified 
in  normal  saline  and  examined  by  dark  field  illumination.  The  spirochaetes  will 
be  found  in  large  numbers.  (8)  Vegetal  parasites  such  as  Aspergillus ,  Mucor, 
and  Monilia  may  be  found  in  the  sputum,  and  fungi  of  the  actinomycotic  group 
(N ocardia)  are  by  no  means  rare  in  tropical  countries. 

Bacteriology  of  the  sputum.  The  organisms  looked  for  are  pneumococci, 
pneumobacilli,  tubercle  bacilli,  streptococci,  B.  pestis,  Pfeiffer’s  bacillus,  and 
the  Klebs-Loffler  bacillus.  The  last  mentioned  may  occur  in  the  sputum  in 
laryngeal  diphtheria.  Smear  preparations  of  suitable  portions  of  sputum  can  be 
fixed  by  heat  or  alcohol  and  stained  by  Gram’s  method  or  its  modifications  to 
demonstrate  pneumococci,  streptococci,  and  Pfeiffer’s  bacillus.  When  any 
of  these  is  present  special  cultural  methods  should  be  adopted  to  complete  the 
examination.  Pneumococci,  streptococci,  and  Pfeiffer’s  bacillus  can  be  grown  on 
plates  containing  blood  smeared  agar  or  nutrose  ascitic  agar.  To  demonstrate 
the  bacillus  of  plague  in  sputum,  smears  should  be  made  and  fixed  in  absolute 
alcohol  and  stained  by  carbol  thionon  or  Gram’s  method.  Cultural  methods 
and  animal  inoculations  may  be  necessary  to  confirm  the  microscopical  observa¬ 
tions.  To  demonstrate  the  tubercle  bacillus  special  methods  are  necessary  (p.  527). 

Method  of  sedimentation  of  tubercle  bacilli  in  sputum  (Greenfield  and 
Anderson).  By  this  method  tubercle  bacilli  can  be  found  with  relative  ease. 

Take  5  c.c.  sputum  and  mix  in  a  centrifuge  tube  with  twice  its  volume  of 
sodium  carbonate  (cryst.)  1  part,  carbolic  acid  (cryst.)  1  part,  water  100  parts  ; 
the  tube  is  then  covered  with  a  rubber  cap,  shaken  for  a  few  minutes,  and  placed 
in  the  incubator  for  12—24  hours.  At  the  end  of  that  time  the  tubes  are  centri- 
fugalized  for  15  minutes,  the  supernatant  fluid  poured  off,  and  films  prepared 
from  the  deposit ;  these  are  stained  by  the  ordinary  methods  for  tubercle. 

Sputum  treated  in  this  way  is  usually  sterile,  which  is  a  special  advantage 
for  laboratory  workers. 

EXAMINATION  OF  THE  GASTRIC  CONTENTS. 

A  test  breakfast  consisting  of  two  slices  of  toast  and  two  cups  of  tea  should 
be  given  to  the  patient,  and  exactly  1  hour  later  the  gastric  contents  should  be 
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removed  by  means  of  an  oesophageal  rubber  tube,  moistened  with  hot  water 
and  passed  into  the  stomach.  The  external  end  of  the  tube  should  be  fitted 
with  a  glass  filter  funnel.  When  the  tube  has  passed  a  distance  of  18-20  inches 
beyond  the  teeth  encourage  the  patient  to  strain  and  retch.  The  removal  of 
the  stomach  contents  may  be  facilitated  by  means  of  a  stomach  aspirator. 
Collect  the  stomach  contents  in  a  clear  jar  and  allow  them  to  settle  before 
making  the  examination.  The  points  to  be  noted  are  :  (1)  The  physical  charac¬ 
ters  ;  (2)  acidity  ;  (3)  the  presence  of  pepsin  and  rennin  ;  (4)  presence  of  blood 
or  bile  ;  (5)  microscopical  characters. 

(1)  Physical  characters.  In  a  normal  person  20-40  c.c.  of  a  tiansparent 
straw  coloured  fluid  can  be  removed  1  hour  after  a  test  meal.  This  fluid  should 
have  an  acidity  0-2  per  cent  hydrochloric  acid,  and  should  contain  free  hydro¬ 
chloric  acid,  but  no  organic  acid.  An  increased  amount  and  very  fluid 
character  indicates  hypersecretion  or  diminished  motility  of  the  stomach,  or 
both.  A  small  amount  of  fluid  with  undigested  food  indicates,  as  a  rule;  defective 
secretion.  If  the  fluid  removed  is  viscid  and  filters  with  difficulty  mucus  is 
present,  indicating  a  condition  of  gastritis.  A  sour  smell  from  the  fluid  indicates 
that  organic  acids  are  present,  and  if  froth  is  noticed  fermentation,  probably 
resulting  from  pyloric  obstruction,  is  taking  place. 

(2)  Acidity.  Filter  the  product  of  the  test  meal  through  filter  paper  moistened 
with  distilled  water,  and  test  the  filtrate  with  litmus  paper  ;  then  carry  out 
Gunzberg’s  test  for  free  hydrochloric  acid.  (1)  Place  a  small  amount  of  pliloro- 
glucin  and  an  equal  amount  of  vanillin  in  a  porcelain  dish  and  dissolve  in  about 
3  c.c.  absolute  alcohol.  Add  an  equal  quantity  of  the  filtered  gastric  contents 
and  heat  gently  to  dryness  over  a  sand  bath,  carefully  avoiding  charring.  If 
free  hydrochloric  acid  be  present  a  rose  pink  colour  occurs  at  the  periphery  of 
the  dried  fluid.  Another  test  for  free  hydrochloric  acid  is  by  means  of  eongo  red 
paper  (prepared  by  soaking  bibulous  paper  in  a  solution  of  eongo  red  of  the 
strength  of  1  decigramme  to  100  c.c.  of  water  and  allowing  to  dry).  Free 
hydrochloric  acid  turns  eongo  red  blue.  Absence  of  free  hydrochloric  acid 
occurs  in  severe  anaemias  and  malignant  disease  of  the  stomach. 

Test  for  lactic,  acetic,  and  butyric  acids.  Take  10  c.c.  of  the  fluid  filtrate  and 
add  50  c.c.  ether,  shake  thoroughly  in  a  glass  vessel  or  by  repeated  inversion 
in  a  glass  funnel.  Pour  off  the  ether  and  divide  the  ethereal  extract  into  two 
equal  portions,  place  them  in  two  evaporating  beakers  A  and  B.  Place  beaker  A 
in  hot  water  and  leave  beaker  B  to  evaporate  slowly  at  room  temperature. 
After  the  ether  in  beaker  A  has  evaporated  add  5  c.c.  distilled  water  to  dissolve 
the  residue.  Place  a  few  drops  of  this  solution  in  a  test  tube  and  to  it  add 
freshly  prepared  Uffelmann’s  reagent  (5  per  cent  carbolic  acid  10  c.c.,  distilled 
water  20  c.c.,  to  which  is  added  one  or  two  drops  of  Liquor  Ferri  Perchlor.). 
If  lactic  acid  is  present  the  blue  solution  changes  to  a  yellow  colour.  The 
residue  in  beaker  B  is  used  to  test  for  acetic  and  butyric  acid.  Dissolve  the 
residue  in  water  and  divide  it  into  two  parts  ;  to  one  part  add  carbonate  of  soda 
and  a  few  drops  of  diluted  perchloride  of  iron  solution — a  claret  red  colour 
indicates  that  acetic  acid  is  present  ;  to  the  other  part  of  the  watery  residue  add 
a  piece  of  calcium  chloride,  if  oil  drops  appear  on  the  surface  butyric  acid  is 
present.  The  presence  of  lactic  acid  in  sufficient  amount  to  give  the  ordinary 
tests  is  abnormal  and  is  usually  associated  with  a  negative  Giinzberg  reaction. 

Estimation  of  the  acidity  of  the  gastric  contents.  •  Place  10  c.c.  of  the  filtrate 
in  a  clean  beaker  and  add  40  c.c.  distilled  water  and  two  drops  of  Topler’s 
solution  (0-5  per  cent  solution  of  dimethylamidoazobenzene  in  absolute  alcohol). 
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In  the  presence  of  free  HC1  the  mixture  turns  red  (Topfer  \s  acidity).  Then  take 
the  reading  of  the  level  of  the  fluid  in  a  burette  containing  N/10  NaOH  solution 
and  carefully  run  this  solution  into  the  beaker  till  the  red  colour  becomes 
definitely  yellow.  Take  the  reading  of  the  burette  (first  reading),  and  note  it. 
Add  two  drops  of  phenol-phthalein  solution  to  the  beaker,  and  run  in  more  of 
the  soda  solution  till  a  permanent  faint  pink  colour  is  produced.  Then  take 
the  reading  of  the  fluid  level  in  the  burette  (second  reading)  and  note  it.  The 
difference  between  the  original  level  of  the  soda  solution  and  the  first  reading, 
taken  when  the  solution  becomes  yellow,  represents  the  number  of  cubic  centi¬ 
metres  of  N/10  NaOH  required  to  neutralize  the  filtrate  to  Topfer’s  solution. 
If  a  positive  Giinzberg  test  has  been  obtained  this  amount  will  probably 
represent  the  equivalent  of  free  HC1  in  10  c.c.  of  the  test  meal.  The  calculation 
is  made  in  terms  of  HC1. 

The  difference  between  the  original  level  of  the  soda  solution  in  the  burette 
and  the  second  reading  represents  the  total  acidity,  including  free  HC1,  the 
acidity  due  to  protein  HC1  and  to  organic  acids  and  acid  salts. 

The  total  acidity  is  estimated  as  the  number  of  cubic  centimetres  of  N/10 
NaOH  required  to  neutralize  100  c.c.  of  the  test  meal. 

If  there  be  no  free  acid  the  deficit  can  be  determined  by  adding  N/10  HC1 
to  10  c.c.  of  the  filtered  test  meal  till  free  acid  is  present.  Then  add  phenol- 
phthalein  and  determine  the  acidity  with  N/10  NaOH.  The  total  acidity  is 
represented  by  the  number  of  cubic  centimetres  of  alkali  used,  minus  the 
number  of  cubic  centimetres  of  N/10  HC1  previously  added. 

The  Topfer  acidity  is  not  an  absolutely  accurate  measure  of  free  HC1  for 
a  red  colour  is  also  obtained  if  excess  of  lactic  acid  be  present,  but  as  lactic  acid 
is  practically  absent  when  the  free  HC1  is  normal  in  amount  or  in  excess,  the 
Topfer  acidity  may  be  reckoned  as  sufficiently  accurate  for  clinical  purposes  ; 
if  the  HC1  is  diminished  in  amount  this  reaction  may  record  more  free  HC1  than 
is  actually  present. 

With  regard  to  the  total  acidity,  alterations  in  its  amount  are  of  clinical 
importance.  The  normal  total  acidity  is  from  40  to  50.  In  functional  disorders 
of  the  stomach  it  is  increased. 

(8)  Presence  of  pepsin  and  rennin.  A  test  for  pepsin  and  rennin  need  only 
be  carried  out  if  the  total  acidity  be  less  than  30  and  if  there  be  an  absence  of 
free  HC1.  Test  for  pepsin  by  the  edestin  method.  Pepsin  converts  the  substance 
edestin  (a  crystaline  albumin  obtained  from  eggs)  into  edeston  which  is  soluble 
in  sodium  chloride.  Prepare  edestin  solution  by  mixing  in  a  glass  cylinder 
0T  grm.  edestin  (Merck’s),  30  c.c.  of  N/10  HC1  and  70  c.c.  distilled  water.  Take 
ten  clean  test  tubes  and  place  1  c.c.  of  the  edestin  solution  in  each  tube.  To 
No.  1  tube  add  1  c.c.  of  the  filtered  test  meal,  mix  thoroughly  and  take  1  c.c. 
of  the  mixture  and  add  it  to  tube  2,  mix  and  take  1  c.c.  of  the  mixture  and 
add  it  to  tube  3  ;  repeat  the  procedure  with  the  balance  of  the  tubes.  Leave  the 
tubes  at  room  temperature  for  30  minutes  and  then  add  to  each  tube  1  c.c.  of 
a  saturated  solution  of  sodium  chloride.  Peptone  action  is  complete  in  the  tubes 
that  are  clear,  and  in  a  normal  filtrate  this  clear  reaction  will  extend  to  tube  6 
or  farther. 

Test  for  rennin.  Take  2  c.c.  of  the  filtered  gastric  contents,  neutralize  and 
add  them  to  10  c.c.  fresh  milk  ;  place  in  an  incubator  at  37°  C.  for  15  minutes. 
The  presence  of  rennin  is  indicated  by  the  milk  setting  into  a  solid  clot.  For 
a  quantitative  estimation  take  1  c.c.  of  the  filtered  test  meal  and  add  9  c.c. 
distilled  water.  Place  in  each  of  six  test  tubes  5  c.c.  of  fresh  milk.  To  tube  1 
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add  5  c.c.  of  the  1  in  10  diluted  test  meal  and  2-5  c.c.  of  a  1  per  cent  solution 
of  calcium  chloride.  Dilute  the  remaining  5  c.c.  of  gastric  contents  to  10  c.c. 
and  add  5  c.c.  of  this  1  in  20  solution  containing  2-5  c.c.  calcium  chloride  solution 
to  tube  2,  and  so  on  with  all  the  tubes.  Then  place  the  tubes  for  1  hour  at  37°  C. 
and  note  the  amount  of  coagulation  present.  Normally  a  cheesy  coagulation 
occurs  in  1  in  80  dilution. 

(4)  Presence  of  blood  or  bile.  Blood  should  not  be  present  in  the  fluid 
withdrawn  after  a  test  meal.  It  occurs  in  cases  of  carcinoma  and  gastric  ulcer, 
and  its  presence  may  be  detected  microscopically  or  chemically.  The  chemical 
test  can  be  carried  out  by  placing  some  of  the  deposit  in  a  porcelain  dish  and 
adding  a  few  crystals  of  chlorate  of  potash  and  a  few  drops  of  strong  hydro¬ 
chloric  acid.  Heat  till  the  mixture  is  dissolved.  Allow  to  cool  and  add  a  few 
drops  of  potassium  ferrocyanide  solution.  A  blue  colour  indicates  blood  and  is 
due  to  the  iron  in  the  blood  pigment.  This  test  is  obviously  inapplicable  if  the 
patient  has  been  taking  iron  internally,  in  which  cases  it  is  preferable  to  carry 
out  a  spectroscopic  test. 

For  the  detection  of  bile  in  test  meal  fluid,  carry  out  Gmelin’s  test  by  adding 
impure  nitric  acid  and  obtaining  a  play  of  colours,  varying  from  yellowish  red 
to  green  ;  the  latter  is  characteristic  of  bile. 

(5)  Microscopical  characters  of  the  test  meal  fluid.  Films  are  made  from 
the  deposit  and  examined  microscopically  for  the  presence  of  yeasts  and  sarcinas. 

Examination  of  the  vomit.  Samples  of  vomit  are  often  sent  for  laboratory 
examination  and,  apart  from  the  detection  of  poisons,  the  following  should  be 
noted  :  (1)  the  quantity,  whether  copious  or  not  ;  (2)  the  existence  of  any 
odour,  sour  smelling  or  faecal  ;  (3)  colour,  whether  yellow  or  green  due  to  bile, 
bright  red  due  to  pure  blood,  or  dark  brown  (coffee  grounds)  due  to  altered  blood. 

Some  difficulty  may  be  experienced  in  distinguishing  between  bile  and  blood 
in  a  vomit.  The  addition  of  water  will  make  the  green  colour  of  bile  more 
readily  seen.  The  chemical  tests  for  bile  and  blood  have  already  been  mentioned. 

EXAMINATION  OF  THE  FiECES. 

It  is  advisable  to  carry  out  an  examination  of  stools  jiassed  by  the  patient 
both  before  and  after  a  purge  has  been  administered.  For  an  ordinary  examina¬ 
tion  the  stool  should  be  collected  in  a  clean  jar  suitably  covered  to  prevent  the 
access  of  flies. 

The  main  points  to  be  reported  on  are:  (1)  the  colour;  (2)  consistence; 
(3)  the  reaction;  (4)  odour;  (5)  the  presence  or  absence  of  gaseous  fermentation  ; 
(6)  the  presence  of  mucus,  muco-pus,  and  blood  ;  (7)  the  quantity  ;  (8)  any 
evidence  of  abnormal  ingredients  and  parasites. 

(1)  The  colour  of  stools  is  due  to  the  presence  of  stercobilin,  and  varies 
according  to  the  diet  of  the  patient.  Absence  of  bile  results  in  the  so-called  clay 
coloured  stools,  as  seen  in  obstructive  jaundice.  Pallor  of  the  stools  may  be  due 
to  marked  dilution,  as  noted  in  cholera.  Green  coloured  stools  result  from  the 
presence  of  unaltered  bile  pigment  and  indicates  increased  peristalsis.  The 
so-called  pea  soup  or  bilious  stool  is  frequently  associated  with  typhoid  fever. 
Black  stools  result  from  the  administration  of  bismuth  and  iron  preparations. 

•  Dark  coloured  stools  occur  in  haemorrhages  high  up  in  the  bowel  (melaena)  and 
are  met  with  in  cases  of  ulcer,  severe  malaria,  and  in  yellow  fever.  If  water  be 
added  to  a  dark  stool  the  water  becomes  reddish  in  colour  if  blood  be  present. 

(2)  The  consistence  of  the  stool  is  important.  In  obstinate  constipation  the 
stool  is  drier  and  more  friable.  In  obstruction  the  stools  are  ribbon-like.  In 
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diarrhoea  the  stool  is  more  fluid  and  maybe  watery,  as  seen  in  cholera.  Diarrhoea, 
resulting  from  many  causes,  is  common  in  the  tropics. 

(3)  The  reaction  of  a  normal  stool  is  almost  neutral.  Marked  acidity  or 
alkalinity  is  abnormal.  In  cholera  the  evacuations  are  alkaline  ;  in  sprue 
they  are  acid. 

(4)  The  odour  of  stools  is  due  to  skatol  and  indol,  and  varies  with  the  diet  and 
the  amount  of  fermentation  taking  place.  Foul  smelling  stools  are  met  with  where 
there  is  a  deficiency  of  bile  and  are  also  found  in  schistosomiasis  of  the  intestine 
and  in  dysentery.  An  excessive  protein  diet  will  give  rise  to  a  foul  smell. 

(5)  The  presence  of  gas  bubbles  in  a  stool  indicates  fermentative  processes. 
In  sprue  the  stools  are  frothy. 

(6)  The  presence  of  mucus,  bloodstained  or  otherwise,  indicates  inflamma¬ 
tion  of  the  intestinal  tract  and  is  seen  notably  in  amoebic  and  bacillary  dysentery, 
schistosomiasis,  kala  azar,  cholera,  flagellate  diarrhoea,  and  intestinal  ulcerations 
— tuberculous,  malignant,  etc.  It  is  also  seen  in  ulcerated  haemorrhoids.  As  a 
general  rule  it  may  be  stated  that  the  more  intimately  the  mucus  is  mixed  with 
the  faeces  the  higher  the  lesion  in  the  intestinal  tract.  Bile-stained  mucus  usually 
emanates  from  the  small  intestine.  Severe  dysentery  or  an  abscess  opening 
into  the  intestine  will  result  in  the  appearance  of  pus  in  the  faeces.  A  condition 
known  as  membranous  enteritis  is  not  uncommon  in  European  women  in  the 
tropics.  Its  origin  is  obscure.  In  this  condition  casts  of  the  bowel,  mainly 
composed  of  mucin,  are  passed  in  the  faeces.  These  casts  may  at  first  sight  be 
mistaken  for  tape  worms.  Blood  in  the  stools  may  occur  intimately  mixed 
with  the  faeces,  as  in  ulcerations,  kala  azar,  schistosomiasis,  and  dysentery,  or 
may  occur  as  red  clots  passed  in  large  quantities,  as  seen  in  haemorrhages  from 
ulcers  and  polypi,  intussusception,  and  less  frequently  in  ankylostome  infesta¬ 
tions.  The  occurrence  of  melaena  or  tar-like  stools  has  already  been  referred  to. 

(7)  The  quantity  in  health  varies  according  to  diet  and  averages  about  130 
grm.  in  24  hours.  Native  tribes  indulge  in  a  liberal  vegetable  diet,  and  consequently 
the  weight  of  faeces  passed  per  diem  is  greater,  and  is  often  over  200  grm. 

(8)  Abnormal  ingredients  in  the  stool  should  be  investigated  by  placing 
the  stool  on  a  gauze  strainer,  adding  water,  and  stirring  vigorously.  Particles 
of  undigested  food,  foreign  bodies,  gall  stones,  and  intestinal  parasites  should 
be  searched  for. 

Chemical  tests. 

Bile  pigment.  Emulsify  a  small  portion  of  the  faeces  in  a  saturated  aqueous 
solution  of  perchloride  of  mercury  and  allow  to  stand  for  24  hours.  In  a  normal 
stool  a  red  colour  occurs  due  to  urobilin ;  a  green  colour  indicates  unaltered  bile 
pigment.  If  bile  be  absent  altogether  neither  a  green  nor  a  red  colour  is  present. 

Bile  acids.  Extract  the  faeces  with  alcohol  and  dissolve  the  residue  in 
dilute  caustic  soda,  then  dissolve  a  fragment  of  cane  sugar  in  the  solution  of 
the  residue,  taking  care  not  to  add  an  excess  of  cane  sugar.  Run  in  5  c.c.  con¬ 
centrated  sulphuric  acid  and  shake ;  a  purple  colour  will  slowly  appear  at  the 
junction  of  the  two  fluids. 

Occult  blood.  Blood  present  in  minute  traces  or  coming  from  the  upper 
part  of  the  tract  as  from  a  gastric  or  duodenal  ulcer  often  cannot  be  detected 
microscopically  and  requires  a  special  test.  Previous  to  carrying  out  the  test 
the  patient  should  be  placed  on  a  diet  free  from  red  meat  or  vegetables  for 
48  hours.  (1)  Rub  a  portion  of  the  faeces  in  a  mortar  with  2  c.c.  distilled  water, 
place  in  a  test  tube  and  boil  for  one  minute.  (2)  Dilute  with  an  equal  quantity 
of  water  and  allow  to  cool.  (3)  Take  a  small  piece  of  pure  benzidin  and  dissolve 
it  in  3  c.c.  glacial  acetic  acid.  (4)  Place  10-15  drops  of  the  benzidin  solution 


FAECES 


575 


in  a  clean  test  tube  and  to  it  add  6  drops  of  the  fceces  solution  and  shake. 
(5)  Add  3  c.c.  of  a  3  per  cent  solution  of  hydrogen  peroxide  and  shake.  The 
presence  of  a  deep  blue  and  bluish  green  colour  indicates  blood.  This  test 
for  occult  blood  is  indicated  in  helminth  infections.  The  presence  of  blood  in  any 
quantity  can  be  detected  by  the  aid  of  the  microscope  or  spectroscope  (p.  583). 

Estimation  of  fat  (Canunidge).  An  excess  of  fat  occurs  in  the  stools  in 
pancreatic  disease  and  in  cases  where  the  biliary  secretion  is  interfered  with. 
Under  normal  conditions  the  total  fat  forms  about  20-25  per  cent  of  the  dried 
faeces.  The  patient  is  given  an  ordinary  mixed  diet.  A  stool  is  obtained  and 
heated  over  a  water  bath  and  finally  over  a  sand  bath  till  thoroughly  dry. 
Powder  the  dried  faeces  in  a  mortar  and  place  0-5  grm.  in  the  bulb  of  each  of 
two  Schmidt-Werner  tubes  having  a  10  c.c.  mark  and  label  these  tubes  A  and  B 
In  tube  A  add  hydrochloric  acid  (1  in  3),  washing  down  carefully  any  residue 
with  the  acid  and  fill  up  the  tube  with  the  acid  to  the  10  c.c.  mark.  Treat 
tube  B  in  a  similar  manner  substituting  distilled  water  for  the  acid.  Tube  A 
is  now  heated  in  boiling  water  for  15  minutes  and  allowed  to  cool.  Fill  tubes  A 
and  B  with  ether  up  to  the  50  c.c.  mark  and  cork  them.  Mount  and  rotate 
each  tube  for  about  2  minutes  and  allow  them  to  stand  for  30  minutes  till  all 
the  residue  has  collected  in  the  lower  bulbs.  Then  weigh  two  evaporating  flasks 
and  label  them  A  and  B.  Into  each  flask  place  20  c.c.  of  the  clear  ethereal 
extract  from  the  tubes  and  note  the  amount  of  ether  left  in  each  tube.  Then 
evaporate  the  extracts  by  placing  the  evaporating  flasks  in  a  stream  of  hot  water. 
Dry  the  residue  thoroughly  by  heating  over  a  water  bath.  After  cooling  weigh 
each  flask.  The  difference  in  the  weight  of  each  flask  will  represent  the  weight 
of  fat  extracted  by  20  c.c.  of  ether  and  can  be  readily  calculated.  The  result 
for  the  A  tube  represents  the  total  fat,  as  it  includes  the  ether  soluble  neutral  fat 
and  the  fatty  acids,  whereas  the  B  tube  represents  the  neutral  fat.  The  difference 
between  A  and  B  tubes  represents  the  fatty  acids. 

Estimation  of  nitrogen  is  only  of  value  in  estimating  the  metabolism 
in  any  given  case  ;  otherwise  it  has  no  diagnostic  importance  beyond  showing 
some  perversion  of  intestinal  activity. 

Method  of  detecting  parasites  in  the  faeces.  Take  the  stool  and  emulsify  it 
with  water  containing  a  little  carbolic  acid,  allow  to  stand  for  10  minutes,  any 
worms  present  will  fall  to  the  bottom.  Pour  off  the  supernatant  fluid,  add  tap- 
water  and  allow  the  mixture  to  settle,  decant  off  the  supernatant  fluid  and  add 
more  water,  repeating  the  process  two  or  three  times.  Examine  the  sediment. 
Small  nematodes  and  heads  of  tape  worms  can  be  detected  by  this  method. 

Microscopical  examination  of  faeces.  Valuable  information  may  be  gained 
by  the  microscopical  examination  of  faeces. 

The  simplest  method  is  to  emulsify  a  portion  of  the  faeces  with  saline  solution 
in  a  test  tube  and  allow  to  stand  ;  place  the  sediment  on  a  slide  and  cover  with 
a  cover-slip.  A  low  power  objective  should  be  used  for  the  examination  of  the 
coarser  structures  met  with  in  the  faeces.  The  following  should  be  looked  for  : 

(1)  Muscle  fibres,  which  are  readily  recognized  by  their  yellow  colour  and 
cross  striation.  If  present  in  large  amount  they  indicate  impairment  of  digestion. 

(2)  Vegetable  cells,  which  present  pleomorphism  and  often  show  spirals. 

(3)  Starch  granules.  These  can  be  detected  by  adding  a  solution  of  iodine 
in  potassium  iodide  which  gives  a  blue  reaction  ;  when  present  in  excess  the 
stool  is  usually  acid  and  shows  fermentative  changes.  (4)  Fat.  This  may 
occur  as  neutral  fat  in  the  form  of  colourless  highly  refractile  globules  or  as 
fatty  acids  in  the  form  of  sheaves  of  colourless  acicular  crystals  which  dissolve  on 
heating  and  in  ether.  Fat  in  excess  in  the  stools  occurs  as  fatty  acids  ;  its 
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excess  can  only  be  determined  by  chemical  examination.  Soaps  occur  as 
amorphous  masses,  while  soap  crystals  are  coarser  and  thicker  than  fatty  acid 
crystals.  To  stain  fat  mix  the  faeces  with  70  per  cent  alcohol  and  add  Sudan  III 
(saturated  solution  of  Sudan  III  in  equal  parts  70  per  cent  alcohol  and  acetone) 
and  apply  a  cover-glass.  The  fat  globules  appear  an  orange  yellow  colour. 
In  normal  stools  fat  is  present  almost  entirely  in  the  form  of  amorphous 
masses  of  soap,  or  as  a  few  crystals.  Neutral  fat  should  be  practically  absent. 
(5)  Crystals  of  calcium  oxalate  and  triple  phosphates.  These  are  present 
in  normal  stools  but  are  increased  in  vegetarians.  (6)  Blood,  which  may  occur 
as  red  blood  cells  or  as  blood  pigment ;  in  the  latter  case  chemical  and  spectro¬ 
scopic  tests  may  be  necessary  to  prove  the  presence  of  blood.  (7)  Epithelial 
cells,  which  are  present  in  normal  stools  and  may  occur  as  squamous  or 
columnar  cells.  (8)  Leucocytes,  which  are  usually  absent  in  normal  stools. 
(9)  Intestinal  flagellates  and  ciliates  and  their  cysts.  Such  flagellates 
as  Trichomonas ,  Chilomastix ,  and  Giardia  (  =  Lamhlia)  are  frequently  associated 
with  diarrhoea.  (10)  The  presence  of  ova  of  intestinal  parasites.  The 
points  to  be  observed  in  the  diagnosis  of  ova  are  size,  shape,  colour,  thickness, 
the  condition  of  the  surface,  the  presence  or  otherwise  of  yolk  spheres,  embryo 
and  embryonic  hooklets,  and  the  presence  or  absence  of  an  operculum. 

The  isolation  of  typhoid-paratyphoid  organisms  from  the  faeces  by  the 
arc-light  method  (Dreyer).  This  method  is  based  on  the  biochemical  action  of 
actinic  light  on  organisms,  and  has  yielded  satisfactory  results  when  other 
methods  have  failed.  It  consists  in  the  subjection  of  an  ordinary  agar  plate, 
liberally  spread  with  a  bacterial  emulsion,  for  a  graduated  exposure  to  the  rays 
from  an  arc  light.  An  emulsion  of  0-5  to  1  c.c.  faeces  in  2-5  c.c.  broth  is  prepared 
and  allowed  to  stand  for  2  hours,  then  briefly  centrifugalized  ;  two  or  three  large 
drops  are  taken  from  the  upper  part  of  the  fluid  and  spread  by  three  successive 
strokes  over  an  ordinary  moist  agar  Petri  plate.  The  plate  with  the  lid  removed 
is  directly  exposed  to  the  arc  at  a  distance  of  about  6  cm.,  the  arc  formed 
between  silver  electrodes  being  made  by  an  electric  current  of  5-7  amperes  with 
a  voltage  of  30-35  volts.  Upon  the  Petri  dish  is  placed  a  sheet  of  blackened 
metal  or  cardboard  in  which  an  oblong  window  has  been  cut.  By  means  of 
another  sheet  of  blackened  metal  the  window  which  is  at  first  fully  open  is 
gradually  closed.  The  different  exposures  given  along  the  strip  of  window  may 
with  advantage  be  30,  60,  90,  120,  150,  210,  and  240  seconds  with  a  current  of 
7  amperes  and  30  volts.  After  exposure  the  plate  is  incubated  with  the  agar 
uppermost.  Typhoid  colonies  appear  in  12-24  hours  as  transparent  clear  drop 
colonies,  while  B.  coli  colonies  are  white  and  opaque. 

Brilliant  green  method  (Browning).  A  useful  method  of  isolating  typhoid 
and  paratyphoid  bacilli  from  stools.  The  brilliant  green  inhibits  B.  coli  to  a 
greater  extent  than  organisms  of  the  typhoid-paratyphoid  group. 

Make  up  eight  tubes,  each  containing  10  c.c.  of  peptone  water  (2  per  cent 
solution  of  Witte’s  peptone  and  sodium  chloride  0-5  per  cent).  Add  varying 
amounts  of  a  freshly  prepared  brilliant  green  solution  (1  in  10,000)  from  0T  c.c. 
to  0-8  c.c.  in  series.  Add  a  loopful  of  an  emulsion  of  the  faeces  in  distilled  water 
to  each  tube  and  incubate  at  37°  C.  for  24  hours.  Then  add  a  loopful  from  each 

To  facilitate  the  isolation  of  typhoid  bacilli  from  faeces  Bierast  recommends  the  use 
of  petrol  ether  (boiling  point  about  40°  C.).  This  kills  most  coli  form  organisms.  Hall  recom¬ 
mends  that  a  small  portion  of  the  faeces  be  emulsified  in  a  tube  of  broth.  5  c.c.  petrol  ether 
are  added  and  the  tube  is  closed  and  shaken  vigorously  for  half  an  hour  and  allowed  to  stand 
for  two  hours  at  room  temperature.  A  drop  of  the  emulsion  from  the  bottom  of  the  tube  is 
then  plated  out  on  any  differential  medium. 
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of  the  different  culture  tubes  to  plates  of  McConkey’s  medium  and  make  streak 
cultures.  Incubate  the  plates  for  24  hours  and  examine  for  colonies  of  the 
typhoid  group.1 

Preservation  of  suspected  typhoid  faeces  for  transmission  by  post  (Teague 
and  Clurman).  In  out-stations  in  the  tropics  it  may  not  be  possible  to 
carry  out  bacteriological  examinations  of  suspected  faeces.  Such  specimens 
should  be  emulsified  in  30  per  cent  glycerin  and  put  in  a  clean  bottle  for  trans¬ 
mission  to  the  nearest  laboratory.  Teague,  Clurman,  and  Benians  have  found 
that  B.  typhosus,  B.  paratyphosus  A  and  B  can  be  kept  alive  for  a  longer  period 
in  30  per  cent  glycerin  than  in  normal  saline. 

Preservation  of  suspected  cholera  stools  for  delayed  bacteriological  examina¬ 
tions  (Panganiban  and  Schoebl).  The  addition  of  pure  ox  bile  (50-75  per  cent) 
or  sodium  chloride  (0-5-5  per  cent)  to  suspected  stools  will  preserve  the  vibrios 
for  several  weeks  for  cultural  purposes. 

A  method  for  aiding  the  detection  of  entamoeba  cysts  in  stools  (Inman).  A 
suspension  of  the  faeces  is  made  in  Czaplowski’s  fuchsin  (fuchsin  1  grm.  dissolved 
in  5  c.c.  liquid  carbolic  acid  to  which  is  added  50  c.c.  glycerin  and  100  c.c. 
distilled  water  ;  for  use  take  one  part  of  the  stain  to  12  parts  distilled  water), 
mounted  as  a  hanging  drop  preparation  and  examined  by  artificial  light — the 
rays  being  transmitted  through  a  flask  containing  500  c.c.  distilled  water  to 
which  is  added  0-05  c.c.  of  a  1  per  cent  watery  solution  of  methylene  blue. 

Entamoebic  cysts  appear  under  1/6  power  objective  as  bluish  white  highly 
refractive  bodies  lying  among  red  stained  faecal  debris. 

An  alternative  method  is  to  make  a  suspension  of  the  faeces  in  a  drop  of  the 
following  solution  :  iodine  1  grm.,  potassium  iodide  2  grm.,  glycerin  1  c.c.,  dis¬ 
tilled  water  200  c.c.  With  this  iodine  solution  the  nuclei  of  the  cysts  are  rendered 
more  plainly  visible,  while  yeasts  are  not  stained. 

A  method  of  concentrating  entamoeba  cysts  in  stools  (Cropper  and  Bow). 

(1)  Emulsify  1  grm.  of  suspected  faeces  in  30  e.c.  normal  saline  by  shaking- 
in  a  mechanical  shaker  for  30  minutes. 

(2)  The  emulsion  is  then  shaken  by  hand  for  30  seconds  with  10-20  per  cent 
of  its  volume  of  ether. 

(3)  Allow  to  stand  ;  most  of  the  faecal  debris  rises  to  the  surface  and  the 
cysts  remain  in  the  saline. 

(4)  The  saline  fluid  is  drawn  off  and  centrifuged  at  a  low  speed  for  2-3  minutes. 
The  cysts  are  thus  concentrated  at  the  bottom  of  the  tube  together  with  a  small 
amount  of  faecal  matter. 

Methods  of  detecting  ova  of  intestinal  parasites.  A  saline  purge  should  be 
administered  and  the  stool  collected,  emulsified  in  normal  saline,  and  placed 
in  tubes  and  centrifuged.  The  deposit  is  examined. 

Method  of  Bass  and  Hall.  The  faeces  are  mixed  with  ten  times  their  volume 
of  water,  the  mixture  filtered  through  gauze  and  the  filtrate  centrifugalized. 
Pour  off  the  supernatant  fluid,  wash  the  sediment  and  centrifugalize.  Bepeat 
this  procedure  twice  and  add  to  the  sediment  calcium  chloride  solution  of  a 
specific  gravity  of  1250.  The  eggs  float  to  the  surface  of  the  fluid  ;  the  upper 
portion  of  the  fluid  should  be  removed  and  diluted  with  calcium  chloride 
solution  of  a  specific  gravity  of  1050.  Centrifugalize.  The  sediment  will  be 
found  to  contain  nearly  all  the  eggs  in  the  stool. 

Method  of  Howard.  Besolve  sufficient  stool  into  its  constituent  parts  by 

1  Positive  results  are  more  often  obtained  if  the  brilliant  green  culture  tubes  are  incubated 
for  48  hours. 
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thorough  shaking  in  water.  Strain  through  gauze  into  a  centrifuge  tube  (a  piece 
of  plain  glass  tubing,  corked  below).  Centrifuge  sufficiently.  Decant  the 
fluid.  Withdraw  the  cork.  Transfer  the  attached  deposit  to  a  slide.  Examine 
in  sufficient  dilution  to  eliminate  camouflage.  Mass  ankylostome  diagnosis 
has  hitherto  rested  mainly  on  this  method. 

A  METHOD  OF  CONCENTRATING  ANKYLOSTOME  AND  TRICHURIS  OVA.  LeVITA- 

tion  method  of  Clayton  Lane.  Treat  0-5  c.c.  of  stool  by  Howard’s  method, 
straining  through  wire  gauze  with  100  meshes  per  linear  inch.  Draw  grease 
lines  across  an  ordinary  slide  half  an  inch  from  each  end.  Across  an  oblong 
dish,  4  inches  wide,  an  inch  deep  and  two-thirds  full  of  water,  place,  parallel 
and  nearly  two  inches  apart,  two  straight,  fine,  flexible,  polished  steel  ribbons, 
with  ends  turned  down.  Across  the  middle  of  these  4  sliders  ’  place  the  slide 
containing  the  centrifugal  deposit.  Break  this  up  thoroughly  by  stirring 
within  a  deep  meniscus  of  added  water.  Stand  for  five  minutes.  With  a  4  de¬ 
pressor  ’  depress  the  slide  (supported  on  the  sliders)  vertically  to  the  bottom 
of  the  dish.  Draw  it  sideways  along  the  bending  sliders.  On  its  emergence, 
considerably  tilted,  the  surface  tension  removes  practically  all  faecal  matter. 
Examine  after  careful  addition  of  a  considerable  meniscus  of  water.  With 
a  loss  averaging  16  per  cent,  ten  times  as  many  uncamouflaged  ova  are  con¬ 
centrated  on  the  same  area  as  in  Howard’s  method,  under  strikingly  better 
conditions  of  visibility. 

Cultivation  of  the  larval  forms  of  Ancylostoma  (Fullerborn).  Take  a  glass 
filter  funnel  and  line  it  with  wool  dyed  a  black  colour  with  iron  tannin.  Place 
on  the  wool  a  layer  of  sterile  sand  and  above  this  the  infected  faeces  ;  moisten 
the  whole. 

The  larvae  will  hatch  out  and  wander  through  the  blackened  cotton  wool, 
where  they  can  be  seen  with  the  naked  eye,  appearing  as  white  threads  which 
can  be  removed  with  a  needle.  This  method  is  also  useful  for  hatching  out  the 
larvae  of  Strongyloides. 

An  alternative  method  is  to  spread  a  mixture  of  the  infected  faeces  with 
moistened  animal  charcoal  (to  prevent  fermentation)  in  layers  2-3  mm.  thick 
in  Petri  dishes  and  incubate  at  room  temperature.  The  larvae  can  be  extracted 
by  allowing  the  surface  on  the  Petri  dishes  to  dry  and  then  adding  water,  when 
the  larvae  will  wander  out. 

PRESERVATION  OF  OVA  IN  FiECES  AND  URINE. 

(1)  Add  the  infected  faeces  to  70  per  cent  alcohol,  heated  to  60-70°  C.,  in 
the  proportion  of  1  part  of  faeces  to  9  parts  of  spirit.  Stir,  allow  to  settle,  and 
transfer  to  fresh  70  per  cent  alcohol. 

(2)  Pour  off  the  alcohol  and  replace  by  70  per  cent  alcohol  containing 
5  per  cent  glycerin.  Allow  to  stand  for  2  hours,  transfer  to  10  per  cent  glycerin 
in  70  per  cent  alcohol  and  finally  to  20  per  cent  glycerin  alcohol  solution.  Expose 
to  air  to  allow  the  alcohol  to  evaporate,  at  the  same  time  protecting  the  specimen 
from  dust  particles.  Add  a  few  drops  of  glycerin  from  time  to  time  till  the 
preparation  consists  entirely  of  pure  glycerin,  then  mount  the  sediment  in 
glycerin  jelly,  hardening  the  jelly  by  exposure  to  formalin  vapour.  After 
mounting,  ring  the  cover-glass  with  varnish. 

PRESERVATION  AND  STAINING  OF  HELMINTHS. 

Trematodes.  (1)  As  soon  as  they  are  removed  from  the  host  the  worms 
should  be  washed  in  a  test  tube  containing  normal  saline,  and  should  be  freed 
from  mucus  with  a  brush.  (2)  Transfer  the  worms  to  fresh  saline  containing 
an  equal  amount  of  saturated  aqueous  solution  of  corrosive  sublimate  and 
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shake  for  a  few  minutes.  (3)  Transfer  to  70  per  cent  alcohol  containing  tincture 
of  iodine,  to  remove  the  sublimate.  (4)  Place  in  70  per  cent  alcohol  before 
staining.  In  the  case  of  large  flukes  after  washing  in  normal  saline,  place  the 
parasite  between  two  glass  slides  pressed  together  with  a  rubber  band  and 
fix  either  in  sublimate  or  10  per  cent  formalin. 

Staining.  Good  results  are  obtained  by  the  use  of  either:  (1)  Dilute 
acetic  alum  carmine  (excess  of  carmine  is  added  to  a  saturated  aqueous  solution 
of  potash  alum  and  boiled  for  15  minutes,  10  per  cent  glacial  acetic  acid  is  then 
added  ;  allow  to  stand  for  7  days  and  filter.  For  use  take  a  1  in  30  solution  in 
water,  allow  the  parasite  to  remain  in  the  stain  for  24  hours  ,  or  (2)  Weak 
haematoxylin,  1  in  30.  The  use  of  dilute  stains  gives  the  best  results.  After 
staining  differentiate  in  acid  alcohol  (5  per  cent  hydrochloric  acid  in  70  per  cent 
alcohol).  The  process  of  differentiation  may  take  1-12  hours  or  longer.  Then 
dehydrate  and  clear  either  with  carbolic  acid  or  creosote  and  mount  in  balsam. 
Carbolic  acid  94  parts  in  6  of  water  is  a  useful  and  rajfid  clearing  reagent.  After 
clearing  in  carbolic  acid  transfer  to  alcohol,  then  xylol  or  cedar  wood  oil  and 
mount  in  balsam.  If  creosote  be  used  as  a  clearing  agent,  transfer  the  specimen 
after  clearing  to  alcohol,  then  cedar  wood  oil,  and  balsam. 

Cestodes.  (1)  Wash  in  normal  saline,  taking  care  not  to  leave  the  specimen 
too  long  in  normal  saline,  otherwise  the  cuticle  and  the  hooks  become  detached. 
(2)  Transfer  to  saturated  aqueous  solution  of  corrosive  sublimate  containing 
1  per  cent  glacial  acetic  acid  to  dissolve  out  the  calcareous  particles.  This 
solution  should  be  warmed  to  70°  C.  Allow  the  cestode  to  remain  in  this  fixative 
for  15  minutes.  (3)  Transfer  to  70  per  cent  alcohol  containing  Lugol’s  solution 
till  the  sublimate  is  removed.  (4)  Transfer  to  70  per  cent  alcohol  and  stain 
and  clear  as  for  trematodes. 

Nematodes.  Their  preservation  is  difficult,  owing  to  their  highly  resistant 
cuticle,  which  is  liable  to  form  folds  and  so  obscure  their  internal  structure. 

(1)  Wash  the  worm  in  normal  saline  for  a  very  short  time,  otherwise  the  cuticle 
becomes  detached,  followed  by  swelling  of  the  body  and  extrusion  of  the  viscera. 

(2)  Transfer  to  70  per  cent  alcohol  heated  to  70°  C.  The  use  of  the  hot  fixative 
extends  the  worms.  Clear  in  creosote  or  carbolic  as  for  trematodes  and  mount 
in  glycerin  gelatin  (gelatin  20  parts,  glycerin  100  parts,  carbolic  acid  2  parts, 
distilled  water  120  parts).  Nematodes  are  very  impermeable  to  staining 
reagents,  and  it  is  scarcely  jmssible  to  stain  the  whole  worm. 

EXAMINATION  OF  THE  URINE. 

It  is  not  within  the  scope  of  this  section  to  give  either  elaborate  tests  or 
elaborate  quantitative  methods  for  the  examination  of  the  urine. 

Observation. 

Collection  of  sample.  In  cool  climates  it  is  possible  to  collect  the  total 
urine  passed  in  24  hours  for  examination ;  but  in  the  tropics  this  is  scarcely 
feasible,  owing  to  rapid  decomposition. 

Any  sample  to  be  examined  should  be  collected  about  three  hours  after  a  meal. 
In  women  it  is  preferable  to  have  a  catheter  specimen.  If  for  any  reason  there 
is  delay  in  carrying  out  the  examination  of  the  urine  10-20  drops  of  chloroform 
or  4-5  drops  of  formalin  should  be  added  to  every  pint  of  urine.  It  should  be 
noted,  however,  that  formalinized  urine  reduces  Fehling’s  solution,  and  so 
boric  acid  may  be  added  as  a  substitute. 

Quantity.  Normally  50  ounces  (1,450  c.c.)  are  passed  in  the  24  hours. 
Where  there  is  excessive  sweating  the  quantity  may  be  lessened.  In  the  tropics 
the  daily  output  is  500-700  c.c. 
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Colour.  In  the  tropics  the  urine  is  often  high  coloured  and  dark,  especially 
in  febrile  diseases,  due  to  the  presence  of  excess  of  urobilin.  Blood  in  the  urine 
produces  a  smoky  appearance  and  the  presence  of  bile  a  greenish  or  brownish 
yellow  tinge. 

Odour.  Normal  fresh  urine  has  a  characteristic  odour,  but  on  standing 
for  some  time  becomes  ammoniacal.  In  diabetes  the  urine  has  a  sweet  hay-like 
odour.  In  acetonuria  the  urine  has  a  fruity  smell.  The  administration  of  drugs, 
such  as  cubebs,  turpentine,  etc.,  affects  the  odour  of  urine. 

Consistence.  Normal  urine  has  a  watery  consistency,  and  if  bile  be 
present  a  froth  usually  appears  on  its  surface  when  shaken.  Pus  in  the  urine 
produces  a  ropy  appearance.  In  chyluria  the  urine  is  of  a  milky  consistence, 
and  the  urine  as  well  as  the  blood  should  be  examined  for  microfilariae. 

Specific  gravity.  Normal  urine  has  a  specific  gravity  1015-1025.  Before 
taking  the  specific  gravity  with  the  urinometer  the  urine  should  be  allowed 
to  cool. 

Reaction.  This  should  be  tested  with  litmus  paper.  Normally  the 
reaction  is  acid,  but  sometimes  an  amphoteric  reaction  is  obtained  in  health. 
After  meals  the  urine  may  show  an  alkaline  reaction. 

Chemical  tests  for  abnormal  constituents  in  urine. 

Albumin.  Filter  the  urine  to  render  it  clear,  and  if  alkaline  add  sufficient 
acetic  acid  to  render  it  faintly  acid.  If,  owing  to  the  presence  of  bacteria,  the 
filtrate  is  still  turbid,  add  a  few  drops  of  NaOH  to  the  urine  and  allow  to  stand 
till  the  bacteria  are  precipitated,  then  filter  and  acidify  the  filtrate  with  acetic 
acid  and  proceed  with  the  following  test. 

Place  in  a  test  tube  an  inch  or  more  of  urine  and  boil.  If  turbidity  occurs 
it  is  either  due  to  earthy  phosphates  or  albumin.  Add  a  drop  of  nitric  acid.  If 
the  turbidity  persists  it  is  due  to  albumin. 

Heller’s  nitric  acid  test  is  capable  of  detecting  0  002  per  cent  albumin. 
Pour  into  a  test  tube  half  an  inch  pure  nitric  acid  and  slope  the  tube ;  pipette 
gently  an  equal  quantity  of  urine  on  to  the  surface  of  the  acid  and  allow  the 
tube  to  stand  for  a  minute  ;  a  white  opaque  ring  at  the  junction  of  the  fluids 
indicates  albumin  or  proteoses.  If  due  to  proteoses  the  ring  will  disappear  on 
heating  and  reappear  on  cooling. 

In  the  tropics,  where  the  urine  is  frequently  concentrated,  a  reddish  brown 
ring  often  appears  at  the  junction  of  the  acid  and  the  urine  ;  this  is  due  to  the 
presence  of  indigogens. 

Quantitative  estimation  of  albumin.  Filter  the  urine  and  render  it  acid  if 
necessary.  Take  an  Esbach’s  albuminometer  and  pour  in  the  urine  to  the 
mark  U.  Then  pour  in  the  precipitating  agent  (10  grm.  pure  picric  acid  and 
20  grm.  pure  citric  acid  dissolved  in  900  e.c.  water  ;  allow  to  cool  and  add  water 
to  1,000  e.c.)  up  to  the  mark  R  ;  close  the  tube  with  a  rubber  plug  and  invert 
the  tube  several  times  to  ensure  thorough  mixing.  AHoav  the  tube  to  stand  for 
24  hours  and  then  read  off  the  level  of  the  precipitate.  The  scale  figures  on  the 
tube  represent  grammes  of  albumin  per  litre.  Divide  the  figure  obtained  by 
10  to  obtain  percentage,  and  multiply  the  result  by  4-375,  which  will  give  the 
amount  of  albumin  in  grains  per  ounce  of  urine.  The  albuminometer  will  not 
record  less  than  0  1  per  cent. 

If  the  upper  limit  of  the  sediment  overtops  the  figure  7  on  the  scale  another 
quantitative  estimation  should  be  carried  out  with  the  urine  diluted,  so  that 
its  specific  gravity  is  below  1010.  In  the  final  estimation  the  result  should  be 
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multiplied  by  the  dilution  employed.  It  is  recommended  that  in  every  quanti¬ 
tative  test  if  the  specific  gravity  of  the  urine  be  over  1010  it  should  be  diluted 
to  a  point  below  that  figure. 

Blood.  Blood  in  the  urine  may  occur  either  in  the  form  of  red  corpuscles 
(hsematuria)  or  blood  pigment  (hemoglobinuria)  and  renders  the  urine  smoky 
in  appearance.  When  occurring  as  red  cells  in  the  fresh  urine  it  can  be  readily 
recognized  by  microscopic  examination ;  but  as  pigment  it  cannot  be  detected 
by  such  a  method. 

Heller’s  test  is  a  delicate  and  useful  one,  inasmuch  as  it  is  capable  of 
detecting  haematuria  as  well  as  hsemoglobinuria.  Place  two  inches  of  urine  in 
a  test  tube  and  add  caustic  soda  solution  to  render  it  alkaline,  boil,  and  allow 
to  settle.  In  the  presence  of  blood  pigment  a  reddish  brown  deposit,  consisting 
of  earthy  phosphates  and  haematin,  occurs.  If  this  precipitate  be  examined 
spectroscopically  the  spectrum  of  alkaline  haematin  is  obtained. 

Guaiac  test.  Place  about  one  inch  of  urine  in  a  test  tube  or  add  two  drops 
of  freshly  prepared  tincture  of  guaiacum,  then  add  without  shaking  about  one 
inch  of  ozonic  ether.  At  the  junction  of  the  fluids  a  blue  colour  rapidly  appears. 
In  the  urine  of  patients  taking  iodides  a  blue  reaction  with  this  test  may  be 
obtained,  but  the  colour  appears  more  slowly  and  occurs  throughout  the  fluid 
and  not  at  the  junction  of  the  ether  and  the  urine. 

Donogany’s  test.  Add  1  c.c.  ammonium  sulphide  and  1  c.c.  pyridin  to 
10  c.c.  urine.  If  blood  is  present  an  orange  colour  is  obtained,  giving  the 
spectrum  of  alkaline  methsemoglobin  or  hsemochromogen. 

Haemoglobinuria  is  characteristic  of  black-water  fever.  It  can  be  distin¬ 
guished  from  bilious  urine  by  adding  water,  when  the  red  colour  of  the  haemo¬ 
globin  can  be  seen.  If  such  a  urine  be  shaken  the  froth  will  show  a  pink  tinge 
quite  distinct  from  the  yellow  froth  of  bilious  urine.  Spectroscopic  examination 
will  show  the  haemoglobin  bands  and  so  decide  the  presence  or  otherwise  of 
haemoglobinuria.  In  some  cases  of  black-water  fever  methaemoglobinuria 
occurs  either  throughout  the  attack  or  at  its  onset  or  conclusion.  The  urine 
is  usually  of  a  brownish  colour  containing  granular  casts  with  pigment.  Spectro¬ 
scopic  examination  is  the  only  satisfactory  test  for  methaemoglobin  in  the  urine. 
In  carrying  out  the  test  the  urine  should  be  filtered  and,  if  very  dark  in  colour, 
should  be  diluted.  (Plates  XXIII  and  XXIV. ) 

Sugar.  Traces  of  glucose  occur  in  normal  urine,  but  are  not  capable  of 
detection  by  the  usual  reagents  employed. 

Benedict’s  test  (Modified).  This  is  more  delicate  than  Fehling’s  test, 
and  is  capable  of  detecting  0  08  per  cent  of  glucose,  assuming  that  normal  urine 
contains  0  05  per  cent. 

Dissolve  by  the  aid  of  heat  200  grm.  sodium  citrate,  100  grm.  anhydrous 
sodium  carbonate,  10  grm.  sodium  bicarbonate  in  600  c.c.  distilled  water  ; 
add  to  this,  with  constant  stirring,  21  grm.  crystallized  copper  sulphate  dissolved 
in  150  c.c.  distilled  water.  Allow  the  mixture  to  cool  and  make  up  to  1,000  c.c. 
with  distilled  water.  Filter  and  preserve  in  a  well-stoppered  bottle,  where  it 
will  keep  indefinitely.  Take  5  c.c.  of  the  above  solution  and  add  to  it  8  drops 
of  urine.  Boil  in  a  water  bath  or  over  a  spirit  lamp  for  5  minutes  and  allow 
the  tube  to  cool  at  room  temperature  for  2  minutes.  If  there  is  a  small  amount 
of  sugar,  i.  e.  under  0T  jier  cent,  a  light  green  opacity  appears  in  the  test  tube 
:  after  it  has  been  removed  from  the  water  bath  ;  a  more  bulky  green  precipitate 
appearing  early  indicates  0T  to  0-5  per  cent,  a  dense  yellow  precipitate  occurs 
with  0-5  to  2  per  cent  and  a  red  precipitate  points  to  there  being  over  2  per  cent 
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sugar.  If  the  urine  be  free  from  sugar  the  solution  remains  clear  or  only  shows 
a  faint  blue  turbidity  after  2  minutes. 

Nylander’s  test.  Prepare  Nylander’s  reagent  by  dissolving  by  heat 
10  grm.  caustic  soda  in  100  c.c.  water  and  adding  4  grm.  sodio-potassium  tartrate 
and  2  grm.  bismuth  subnitrate  ;  shake  thoroughly  and  store  in  a  glass  stoppered 
bottle  in  the  dark.  To  10  c.c.  urine  add  1  c.c.  of  the  reagent,  shake  and  boil 
for  3  minutes.  If  sugar  is  present  a  fine  black  precipitate  occurs. 

In  pentosuria  and  with  certain  drugs  a  positive  reaction  may  be  obtained 
by  this  test. 

Fermentation  test.  In  carrying  out  this  test  the  urine  should  be  acid  and 
should  be  boiled  to  dispel  air  particles.  Add  to  the  urine  some  yeast  and  shake 
thoroughly,  pour  the  urine  into  a  fermentation  tube  or  a  test  tube  containing 
a  Durham’s  tube.  Set  aside  in  the  incubator  and  examine  in  a  few  hours  for 
the  presence  of  gas.  This  test  will  not  indicate  less  than  0T  per  cent  glucose 
in  the  urine.  It  is  a  useful  one,  however,  as  it  can  be  used  for  the  quantitative 
estimation  of  the  glucose  fermented  by  taking  the  specific  gravity  of  the  urine 
before  and  after  24  hours’  fermentation  with  yeast.  Every  degree  of  specific 
gravity  lost  will  represent  1  grm.  of  sugar  per  ounce  of  urine. 

Phenylhydrazin  test.  Put  half  an  inch  each  of  phenylhydrazin  hydro¬ 
chloride  and  sodium  acetate  in  a  test  tube  ;  half  fill  the  tube  with  urine, 
boil  for  2  minutes,  and  set  aside  for  half  an  hour  ;  examine  the  deposit  micro¬ 
scopically  under  a  §-inch  objective.  Fine  sulphur  yellow  crystals  in  tufts 
denote  the  presence  of  glucose. 

Bile.  This  may  occur  in  the  urine  as  bile  pigment  or  bile  acids  or  both. 
Bilious  urine  may  resemble  hsemoglobinuria  (see  Hsemoglobinuria). 

Iodine  test.  Add  to  2  c.c.  of  urine  in  a  test  tube  2  c.c.  tincture  of  iodine  ; 
if  bile  is  present  a  green  ring  appears  at  the  junction  of  the  fluids. 

Gmelin’s  test.  Filter  the  sample  of  urine  through  clean  filter  paper, 
place  the  used  filter  paper  on  a  white  slab  and  touch  it  with  a  glass  rod  dipped 
in  impure  or  yellow  nitric  acid  ;  a  ring  of  colours — yellow,  red,  violet,  and 
green — appears  in  this  order  from  within  outwards.  The  test  is  positive  if  the 
green  colour  is  present. 

Test  for  bile  acids  (Hay’s).  Sprinkle  powdered  sulphur  on  the  surface 
of  the  urine  ;  if  bile  acids  are  present  the  sulphur  sinks.  In  normal  urine  the 
sulphur  will  float. 

Urobilin.  This  occurs  in  a  small  amount  in  febrile  conditions  and  in 
excess  in  malaria,  pernicious  anaemia,  and  in  diseases  associated  with  blood 
destruction. 

Test.  Without  filtering  the  urine  add  an  equal  amount  of  a  saturated 
solution  of  zinc  acetate  in  absolute  alcohol.  Shake  and  add  a  few  drops  of 
Lugol’s  solution  and  filter.  The  presence  of  a  characteristic  fluorescence  in 
the  filtrate  indicates  excess  of  urobilin.  The  presence  of  urobilin  can  also  be 
determined  spectroscopically. 

Pus.  The  presence  of  pus  can  be  detected  by  adding  to  the  urine  a  few  drops 
of  tincture  of  guaiac ;  a  greenish  colour  occurs  which  disappears  on  heating. 
As  an  alternative  test  centrifuge  the  urine  and  add  caustic  potash  to  the  deposit ; 
with  pus  a  gelatinous  mass  is  obtained. 

Indican.  This  is  frequently  present  in  the  urine  of  patients  subject  to 
intestinal  disorders.  When  present  in  large  amount  it  is  indicative  of  suppura¬ 
tive  processes,  such  as  empyema,  gangrene  of  the  lung,  etc. 

Test.  Add  a  crystal  of  chlorate  of  potash  to  the  urine  in  a  test  tube  and 
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run  down  the  side  of  the  tube  to  the  crystal  some  strong  hydrochloric  acid. 
The  presence  of  a  blue  ring  indicates  indican. 

Diacetic  acid.  Test.  To  10  c.c.  urine  add  (drop  by  drop)  a  10  per  cent 
solution  of  ferric  chloride  till  no  further  cloudiness  is  present.  Filter,  and  to  the 
filtrate  add  a  few  more  drops  of  the  ferric  chloride  solution.  The  presence  of 
a  claret  red  colour  indicates  diacetic  acid. 

Acetone.  Occurs  in  diabetes,  typhoid  fever,  severe  anaemias,  and  in  the 
condition  known  as  acidosis.  The  urine  containing  acetone  has  a  fruity  odour. 

Test.  To  5  c.c.  urine  add  a  few  drops  of  Lugol’s  solution  and  then  ammonium 
hydrate  till  a  black  precipitate  forms.  Allow  to  stand  for  12-24  hours,  and  if 
acetone  be  present  a  yellow  precipitate  of  iodoform  crystals  will  appear.  The 
iodoform  is  recognized  by  its  smell  and  microscopically  by  its  appearance  as 
hexagonal  plates. 

Chlorides.  Filter  the  urine  and  remove  any  albumin  present  by  boiling. 
Place  in  a  test  tube  and  add  a  few  drops  of  nitric  acid  ;  then  add  as  much 
silver  nitrate  solution  (3  per  cent)  as  there  is  urine.  A  thick  precipitate  of 
chlorides  occurs  in  normal  urine.  If  the  chlorides  are  diminished  as  in  pneu¬ 
monia  the  solution  becomes  milky. 

Diazo  reaction.  Add  to  urine  in  a  test  tube  an  equal  quantity  of  a  saturated 
solution  of  sulphanilic  acid  in  5  per  cent  hydrochloric  acid.  Then  add  three 
drops  of  a  0-5  per  cent  solution  of  sodium  nitrite  and  shake  well  to  form  a  froth  ; 
render  alkaline  by  the  addition  of  ammonia.  A  carmine  coloured  fluid  with 
a  red  froth  represents  a  positive  reaction.  A  positive  reaction  is  said  to  occur 
in  80  per  cent  of  all  typhoid  fever  cases  in  the  4th  to  14th  day  of  the  disease. 
It  is  also  obtained  in  active  tuberculosis  and  in  other  diseases. 

Spectroscopic  examination  of  the  urine. 

This  may  be  necessary  for  the  detection  of  blood  pigment,  etc.  A  direct 
vision  spectroscope  may  be  used.  Garrod  recommends  that  the  urine  be  placed 
in  a  conical  glass  and  that  the  spectroscope  be  held  about  1  inch  from  the  glass, 
artificial  light  or  daylight  being  employed.  If  there  be  any  doubt  regarding 
the  bands  on  the  spectrum,  400  c.c.  urine  should  be  shaken  up  with  50  c.c. 
amyl  alcohol  containing  a  few  drops  of  acetic  acid.  Allow  this  to  stand  and 
collect  the  surface  layer,  filter,  and  examine. 

Deposits  in  urine. 

A.  Unorganized.  The  urine  should  be  centrifugalized  and  a  few  drops  of 
the  sediment  removed  with  a  pipette,  placed  on  a  slide,  covered  with  a  cover- 
glass,  and  examined  microscopically  with  a  §-inch  or  -J-inch  objective. 

1.  In  acid  urine. 

Calcium  oxalate  crystals.  In  the  tropics  oxalates  are  commonly 
present  in  the  urine.  They  occur  as  colourless  octahedral  or  dumb-bell  shaped 
crystals  (fig.  270).  Severe  oxaluria  may  give  rise  to  hsematuria. 

Uric  acid  (fig.  271).  Uric  acid  appears  in  a  variety  of  forms.  Most  of  the 
crystals  are  reddish  brown  in  colour,  but  colourless  crystals  may  also  occur. 
When  in  large  numbers  they  may  appear  as  cayenne  pepper-like  grains  when  the 
sample  of  urine  is  shaken.  Microscopically  the  commonest  shape  of  crystal 
observed  is  the  so-called  ‘  whetstone  ’,  and  aggregations  of  these  are  often 
observed  ;  rhombic  prisms  and  lozenge  and  cone-shaped  crystals  may  occur, 
and  some  of  these  may  show  striations  or  be  joined  together  to  form  rosettes. 
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Amorphous  urates.  These  are  often  deposited  in  acid  urine  after  cooling. 
They  readily  absorb  urinary  pigments  and  appear  as  a  red  brickdust  deposit. 
On  heating  the  urine  they  dissolve.  Microscopically  they  aj)pear  as  amorphous 
yellowish  brown  granules. 

Urate  of  soda.  Microscopically  this  appears  as  crystalline  spheres  with 
points. 

Cystin.  A  rare  deposit  occurring  as  flat  colourless  hexagonal  plates  (fig. 
272)  readily  soluble  in  ammonia. 

Leucin.  Occurs  as  yellow  spherical  masses,  showing  both  radial  and 
concentric  striation  (fig.  273).  Often  occurs  with  tyrosin  in  cases  of  acute 
yellow  atrophy  of  the  liver. 

Tyrosin.  Is  often  associated  with  leucin.  It  appears  as  colourless  or 
greenish  yellow  sheaves  of  fine  needle-like  crystals  (fig.  274). 

2.  In  alkaline  urine. 

Triple  phosphates,  or  ammonium  magnesium  phosphate.  Commonly 
present  as  a  deposit  in  ammoniacal  or  alkaline  urine,  being  frequently  associated 
with  amorphous  phosphates,  pus,  and  micro-organisms.  The  crystals  commonly 
found  are  colourless  prisms  with  oblique  terminal  facets,  the  so-called  knife  rest 
or  coffin-lid  forms.  Feathery  and  fern-shaped  crystals  are  less  commonly  found 
(fig-  275). 

Stellar  phosphates.  Appear  as  colourless  prismatic  crystals  occurring 
singly  or  in  clusters  in  an  alkaline  urine. 

Amorphous  phosphates.  Are  also  found  in  alkaline  urines,  as  white 
amorphous  granules. 

Calcium  carbonate.  Is  rarely  found  in  human  urine.  Carbonates  occur 
as  amorphous  dumb-bell  shaped  crystals.  The  addition  of  an  acid  dissolves 
them  with  effervescence. 

Cholesterin.  Crystals  of  cholesterin  appear  as  thin  colourless  rhomboidal 
notched  plates.  They  are  not  common  in  the  urine. 

Ammonium  urate.  Occurs  as  deeply  pigmented  crystals  of  irregular  shape 
and  size  with  projecting  spinous  processes. 

B.  Organized  deposits. 

Blood.  Red  blood  cells  can  be  recognized  by  their  size,  shape,  and  colour 
If  in  doubt  make  a  smear  preparation  of  the  deposit  and  stain  with  Leishman’s 
stain.  The  presence  of  blood  can  also  be  confirmed  by  the  guaiac  test  and  the 
spectroscope. 

Pus.  Microscopical  examination  will  show  polymorphonuclear  leucocytes ; 
some  normal  in  appearance,  others  degenerated.  It  should  be  recognized  that 
there  is  no  dividing  line  between  a  leucocyte  and  a  pus  cell.  Smear  preparations 
stained  by  Leishman  or  carbol  thionin  will  demonstrate  pus  cells. 

Epithelium.  A  renal  epithelial  cell  is  a  little  larger  than  a  leucocyte, 
possesses  a  nucleus,  and  is  polygonal  in  shape.  Epithelium  from  the  bladder 
and  urinary  passages  may  vary  in  appearance,  according  as  to  whether  it  is 
derived  from  the  superficial  or  deep  layers.  It  may  be  stated  that  it  is  impossible 
to  diagnose  with  certainty  the  source  of  origin  of  any  epithelial  cell  found  in 
urine. 

Spermatozoa.  These  can  be  recognized  in  unstained  and  stained  prepara¬ 
tions.  Method  of  staining  (p.  587). 

Fat.  In  chyluria  which  occurs  in  the  tropics  the  fat  is  in  finely  divided 
particles  associated  with  granular  corpuscles  and  leucocytes.  In  lipuria  large 
refractive  globules  of  fat  are  present. 
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Fig.  274.  Tyrosin  crystals. 
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Prostatic  threads.  Usually  found  floating  in  urine  and  are  visible  to 
the  naked  eye.  They  are  composed  of  mucus  and  are  indicative  of  chronic 
prostatitis. 

Casts  (Plate  XXV).  Casts  may  be  recognized  with  a  §-inch  objective,  but 
a  higher  power  is  necessary  to  verify  them  and  their  structure.  In  shape  they 
represent  narrow  cylinders  with  sharply  defined  outlines  and  usually  rounded 
ends.  The  following  varieties  may  be  recognized  : 

(a)  Cellular.  (1)  Epithelial;  composed  of  renal  epithelium.  The  indivi¬ 
dual  cells  are  nucleated  and  often  granular.  They  occur  in  acute  nephritis. 
(2)  Composed  of  red  cells  ;  also  found  in  acute  nephritis.  (3)  Leucocytic 


Fig.  275.  Triple  phosphates. 

casts  ;  composed  chiefly  of  polymorphonuclear  leucocytes.  They  are  some¬ 
what  uncommon,  but  may  occur  in  septic  infection  of  the  kidney. 

(b)  Granular.  These  are  devoid  of  formed  elements  and  composed  of  fine 
or  coarse  granules  which  may  be  fatty  or  result  from  granular  degeneration  of 
protoplasm.  They  occur  in  acute  and  parenchymatous  nephritis. 

(c)  Amorjdious.  (1)  Hyaline  ;  sometimes  difficult  to  distinguish,  as  they  are 
homogeneous  and  transparent.  The  addition  of  iodine  solution  will  render 
them  more  obvious.  They  occur  in  all  varieties  of  nephritis.  (2)  Amyloid  or 
waxy  casts  ;  these  are  more  retractile  than  hyaline  casts  and  can  be  identified 
by  adding  methyl  violet,  which  stains  amyloid  material  a  deep  red. 

Structures  known  as  ‘  cylindroids  5  should  not  be  confused  with  casts. 
Their  long  and  flattened  appearance  assists  their  detection. 

Portions  of  new  groavth.  Portions  of  villous  tumours  of  the  bladder  may 
appear  in  the  urine,  and  are  difficult  to  differentiate  with  any  degree  of  certainty. 


PLATE  XXV 


Renal  Tube  Casts. 

A,  Hyaline  casts  ;  B,  Waxy  casts  ;  C,  Hyaline  cast  containing  small  crystals  of 
calcium  oxalate  ;  D.  Blood  casts  ;  E,  A  leucocyte  cast  ;  F,  Epithelial 
casts  ;  G,  Granular  casts  ;  H,  Fatty  casts.  (By  permission.  From  An 
Index  of  Differential  Diagnosis  by  Herbert  French.) 
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Animal  parasites.  In  the  tropics  ova  of  Schistosoma  haematobium  are  not 
uncommon,  with  or  without  hsematuria.  Microfilariae  associated  with  chyluria 
occur.  Oxyuris  vermicularis  may  be  found  in  the  urine  of  young  girls.  Echino¬ 
coccus  and  Cysticercus  cellulosce  have  been  found. 

Bacteriology  of  the  urine. 

The  urine  in  the  tropics  is  not  infrequently  found  to  contain  organisms,  of 
which  may  be  mentioned  B.  coli,  streptococci,  gonococci,  B.  typhosus  and  allied 
organisms,  and  M.  melitensis.  To  isolate  these  organisms  the  urine  should  be 
preferably  a  catheter  specimen,  collected  as  aseptically  as  possible,  and  inocu¬ 
lated  into  suitable  culture  media.  Entamoebac  resembling  the  pathogenic 
entamoebae  of  the  intestinal  tract  have  also  been  found  in  the  urine. 

Examination  for  gonococci.  Smears  should  be  made  from  any  urethral 
discharge  present,  fixed  and  stained  by  Gram’s  or  Jensen’s  method.  The 
presence  of  phagocyted  Gram-negative  diplococci  (with  the  individual  members 
of  each  pair  having  a  characteristic  flattening  of  the  ojiposed  surfaces)  is  pre¬ 
sumptive  evidence  of  a  gonococcal  infection.  In  the  case  of  a  discharge  occurring 
in  a  female  such  a  finding  would  not  be  presumptive  evidence,  and  cultural  tests 
should  be  carried  out. 

To  cultivate  the  gonococcus  special  culture  media  are  required  such  as 
nasgar  or  human  plasma  glucose  agar  (pp.  511,  514).  Before  cultures  are  inocu¬ 
lated  the  meatus  should  be  disinfected  with  a  mild  antiseptic  and  washed  with 
alcohol.  The  gonococci  produce  pin-point  colonies  and  usually  grow  slowly, 
taking  48  hours  to  reach  maturity  ;  they  require  to  be  repeatedly  subcultured 
When  a  pure  culture  is  obtained,  sugar  media  should  be  inoculated.  The  gono¬ 
coccus  can  be  differentiated  from  allied  Gram-negative  cocci  by  the  fact  that 
it  ferments  glucose  and  no  other  sugar. 

Where  no  discharge  exists  the  early  morning  sample  of  urine  should  be 
collected,  centrifugalized,  and  smear  preparations  made  from  the  sediment  or 
threads  present.  In  cases  of  gonorrhoeal  posterior  urethritis  or  prostatitis,  many 
examinations  may  be  required  to  demonstrate  the  causal  organisms  and  pro¬ 
static  massage  should  precede  the  collection  of  specimens.  In  old  cases  the 
complement  deviation  test  will  be  found  useful  (p.  561 ). 

Urinary  calculi. 

Calcium  oxalate.  Reddish  in  colour,  hard  in  consistence,  and  with  a 
granular  (mulberry)  surface. 

Uric  acid.  Yellow  or  brown  in  colour,  fairly  hard  in  consistence  and 
with  a  smooth  surface.  They  may  occur  mixed  with  calcium  phosphate  or 
oxalate. 

Phospiiatic  calculi.  Usually  contain  admixtures  of  ammonium  urate, 
calcium  oxalate,  and  calcium  carbonate.  The  colour  varies  from  white  to  yellow 
and  reddish,  and  the  calculi  are  often  of  a  chalky  consistence. 

EXAMINATION  OF  SEMINAL  STAINS. 

Avoid  handling  the  specimen  sent  for  examination. 

Soften  the  stained  fabric  by  placing  it  in  a  watch  glass  containing  dilute 
hydrochloric  acid  (1  in  40  of  water).  The  time  required  for  softening  varies  from 
a  few  minutes  to  several  hours,  depending  on  the  age  of  the  stain.  Old  stains 
require  4-5  hours.  When  the  softening  is  complete  remove  the  fabric  with 
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forceps  and  gently  dab  it  on  slide,  mount  with  cover-slip  and  examine.  For 
stained  preparations  dab  the  softened  fabric  on  a  glass  slide  so  as  to  leave  a 
deposit,  and  allow  the  deposit  to  dry  at  room  temperature.  Then  fix  gently 
over  a  flame  film  upwards.  Allow  to  cool  and  stain  film  downwards  for  1  hour 
in  eosin  2-5  grm.,  alcohol  30  c.c.,  distilled  water  70  c.c.,  covering  the  preparation 
to  prevent  evaporation.  Remove  the  film,  drain  off  excess  of  stain,  expose  till 
dry,  and  then  lightly  wash  with  1  part  alcohol  to  2  parts  of  water.  Counterstain 
with  Delafield’s  hematoxylin  for  a  few  minutes  to  1  hour,  depending  on  the 
action  of  the  stain.  Wash  gently  and  mount  in  Farrant’s  solution. 

INVESTIGATION  OF  PARASITIC  SKIN  DISEASES. 

In  the  tropics  animal  and  vegetal  parasitic  skin  infections  are  comparatively 
common. 

Animal  parasites.  Scabies  caused  by  Sarcoptes  scabiei  is  frequently 
observed.  To  obtain  the  female  acarus  search  for  one  of  the  burrows  which 
appears  as  a  thin  black  line  under  the  skin  usually  between  the  fingers  and 
terminates  in  a  little  clear  spot.  Open  the  skin  by  means  of  a  needle  passed 
along  the  black  line  ;  the  female  mite  will  be  found  lying  in  the  white  spot,  and 
should  be  removed,  mounted  in  liquid  petroleum,  and  examined  microscopically. 

Pediculosis  is  common  among  native  tribes  in  the  tropics,  P.  capitis, 
P.  pubis,  and  P.  corporis  (chap.  15)  being  found.  P.  capitis  and  P.  pubis  lay 
ova  on  the  hairs,  P.  corporis  ova  are  laid  on  the  hairs  and  the  clothing. 

The  chigger  flea  (p.483)  is  widely  distributed  in  the  tropics,  more  especially 
in  tropical  Africa,  the  impregnated  female  ( Dermatophilus  penetrans)  burrowing 
her  way  into  the  skin  of  the  feet  or  hands  and  setting  up  small  painful  ulcers. 
The  female  is  readily  extracted  with  a  needle  and  can  be  recognized  with  the 
microscope. 

The  larvae  of  one  species  of  C ordylobia  ( C .  anthropophaga )  (p.  444)  is  a  cause 
of  cutaneous  myiasis,  boring  its  way  into  the  skin  and  tissues  where  it  lies  and 
gives  rise  to  furuncular  lesions. 

The  eggs  of  various  diptera  ( Lucilia  and  Calliphora)  (pp.  423,  425)  may  be 
deposited  and  develop  in  lesions  of  the  skin,  and  their  larvae  may  live  under  the 
skin,  producing  tumour-like  swellings  such  as  occur  with  Dermatobia  cyaniventris, 
or  may  be  found  in  the  nasal,  vaginal,  and  ear  orifices,  burrowing  into  the  adjacent 
tissues  and  causing  destruction  of  the  parts  in  the  same  way  as  does  the  screw 
worm  Chrysomyia  macellaria  (p.  436). 

Dracunculosis  or  infestation  of  the  subcutaneous  tissues  with  the  female 
guinea-worm  is  common  in  certain  parts.  The  impregnated  female  wanders 
in  the  tissues  and  the  skin,  usually  in  the  most  dependant  parts  of  the  body, 
for  the  purpose  of  depositing  its  embryos.  If  water  be  placed  at  the  point 
of  exit  the  worm  will  exude  a  milk-like  fluid  containing  numerous  striated 
embryos. 

Protozoal  skin  affections.  Cutaneous  Leishmaniasis,  the  so-called 
oriental  sore,  is  the  most  important  and  is  referred  to  in  the  Leishmaniasis 
section  (chap.  64). 

Vegetal  parasites  affecting  the  hair  and  more  commonly  the  skin  can  be 
diagnosed  by  placing  the  affected  hair  or  scrapings  of  the  skin  in  10-20  per  cent 
caustic  potash  and  mounting  with  a  cover-slip.  The  mycelium  of  the  fungus 
and  its  spores  can  be  readily  seen.  See  also  Vol.  Ill,  chap.  108. 

Method  of  staining  (Adamson).  The  hair  or  scale  is  placed  in  10  per  cent 
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caustic  potash  solution  and  covered  with  a  cover-slip.  Leave  for  15  minutes, 
blot  off  excess  of  fluid,  and  then  run  in  under  the  cover-slip  15  per  cent  alcohol, 
placing  a  piece  of  filter  paper  at  the 
side  of  the  cover-glass  remote  from  the 
alcohol.  This  will  draw  the  alcoholic 
solution  through  the  tissue  under  the 
cover-slip.  Remove  the  cover-slip  gently, 
washing  away  carefully  the  potash  solu¬ 
tion  with  the  alcohol.  Gently  dry  over 
the  flame  and  stain  in  aniline  gentian 
violet  for  30  minutes.  Drain  off  excess 
of  stain  and  add  Gram’s  iodine  for  3 
minutes.  Then  decolorize  in  aniline  oil 
for  30  minutes,  watching  the  decoloriza- 
tion  process  under  the  microscope  ;  when 
the  fungus  is  visible  remove  the  aniline 
oil  with  blotting  paper  and  counterstain 
with  alcoholic  eosin  for  a  few  seconds. 

Wash  off  the  eosin  with  aniline  oil,  re¬ 
move  the  latter  with  xylol,  and  mount 
in  xylol  balsam. 

Cultivation  of  fungi.  Fungi  are 
usually  readily  cultured  on  acid  media. 

Sabouraud’s  medium  (p.  516),  with  a 
reaction  of  +  2  or  higher,  is  very 
satisfactory.  The  cultures  can  be  ex¬ 
amined  by  removing  a  portion  of  the  growth  and  mounting  in  liquid  petro¬ 
leum,  or  they  may  be  stained  by  Gram’s  method. 


Fig.  276.  Black  Fig.  277.  Black 
mycetoma  :  growth  mycetoma :  ten  days’ 
on  sloped  maltose  growth  on  agar, 
agar  (Sabouraud). 


Fig.  278.  Section  of  a  foot  showing  black  mycetoma. 

(By  permission  of  Dr.  Malouf  of  Omdurman.) 

Mycetoma  or  madura  foot,  and  allied  conditions  such  as  actinomycosis,  are 
not  uncommon.  The  grains  obtained  from  the  sinuses  may  be  examined  by 
softening  them  in  hypochlorite  of  potash  solution  (Eau  de  Javelle)  and  mounting 
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them  with  a  cover-slip,  or  after  softening  passing  them  through  increasing  grades 
of  alcohol,  clearing  and  embedding  in  paraffin.  Sections  of  the  grains  will  serve 
to  demonstrate  their  structure. 

Cultivation  of  the  grains.  Many  of  the  grain*  can  be  readily  cultivated. 
The  grains  should  be  removed  and  washed  by  shaking  in  test  tubes  containing 
sterile  normal  saline  solution  ;  they  are  then  taken  out  with  a  sterile  platinum 
loop  and  placed  in  broth  or  glucose,  or  maltose  agar.1  Glucose  peptone  tubes 
containing  a  Durham’s  fermentation  tube  are  specially  useful  for  the  cultivation 
of  the  grains  of  Noccir clia.  The  culture  tube  is  repeatedly  shaken  to  break  up 
the  grain  ;  the  Durham  tube  serves  as  a  suitable  surface  for  the  grain  to  attach 
itself  to.  Many  of  the  Streptotkrix  and  nocardial  group  of  organisms  grow  best 
at  room  temperature. 


Fig.  279.  Broth  culture  (puff-ball  growth)  of  black 
grains  from  black-grain  mycetoma. 

Blastomycosis  and  sporotrichosis  of  the  skin  are  not  uncommon  in  the 
tropics,  the  lesions  usually  appearing  as  granulomata  requiring  diagnosis  from 
syphilitic,  leprous,  and  other  granulomata.  When  possible  direct  examination 
of  material  from  the  granulomata  should  be  carried  out  ;  a  pipette  is  inserted 
into  the  centre  of  the  mass  and  any  material  obtained  examined  in  weak  caustic 
potash  solution  or  in  stained  smears.  Any  blastomycotic  or  other  fungal 
elements  present  may  be  detected  and  be  cultivated  on  Sabouraud’s  media. 
A  portion  of  the  growth  should  be  excised  for  histological  examination.  Very 
often  a  Wassermann  test  is  necessary  to  eliminate  the  possibility  of  the  lesions 
being  of  a  syphilitic  nature. 

Syphilitic  lesions  can  be  diagnosed  by  examining  the  material  obtained 
by  dark  field  illumination,  and  if  negative  as  regards  the  presence  of  S.  pallidum, 
a  Wassermann  test  should  be  carried  out. 

Yaws.  Material  from  the  lesions  in  framboesia  or  yaws  should  be  examined 

1  The  writer  has  recently  found  horse-dung  agar  (prepared  by  adding  an  infusion  of  horse- 
dung  to  agar)  an  excellent  medium  for  the  cultivation  of  nocardial  grains. 
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by  dark  field  illumination  when  Spironema  pertenue  will  usually  be  found  in 
large  numbers.  Cases  of  yaws  invariably  yield  a  positive  Wassermann  reaction. 

In  leprosy  lesions  the  B.  leprce  is  usually  present  in  large  numbers. 
A  pipette  can  be  inserted  into  the  lesion  and  smears  prepared  and  suitably 
stained  by  the  Ziehl-Neelsen  method  (p.  527). 

Tuberculous  lesions  are  more  difficult  to  diagnose.  Material  from  the 
lesion  should  be  examined  for  tubercle  bacilli  and  if  negative  an  emulsion  of 
the  material  should  be  inoculated  into  a  guinea-pig.  A  tuberculin  cutbreaction 
may  with  advantage  be  carried  out. 


Fig.  280.  Black-grain  mycetoma  :  section  of  a  grain  in  culture. 

Other  bacterial  skin  affections.  Pyogenic  organisms  can  often  be 
isolated  from  such  lesions  as  boils  and  veldt  sores  caused  by  Staphylococcus 
aureus,  albus,  or  by  streptococci.  Diphtheroid  bacilli  may  also  be  causal  agents. 
The  material  from  the  lesions  is  examined  in  smears  stained  by  Gram’s  method 
and  the  causal  organisms  can  be  cultivated  by  obtaining  the  material  aseptically 
and  inoculating  suitable  media.  Autogenous  vaccines  often  prove  valuable  in 
the  therapy  of  these  pyogenic  affections. 

Sloughing  phagedena  or  Yemen  ulcer.  Requires  microscopical  examina¬ 
tion  to  confirm  its  diagnosis.  Smear  preparations  from  the  surface  and  base 
of  the  lesion  should  be  fixed  and  stained  by  Leishman’s  or  Giemsa’s  stain  to 
demonstrate  the  presence  of  spironemata  and  fusiform  bacilli  which  occur 
concurrently  in  the  lesions. 


592 


LABORATORY  METHODS 


CHAPTER  28 

ISOLATION  OF  PATHOGENIC  MICRO-ORGANISMS. 
BACTERIOLOGICAL  ANALYSIS  OF  WATER 

Synopsis  :  Methods  of  isolation,  detection,  and  identification  of  the  more  important 
pathogenic  micro-organisms  :  I.  B.  typhosus,  p.  592;  II.  B.  paratyphosus  A  and  B,  p.  592  ; 
III.  B.  dysentcrice,  p.  593  ;  IV.  Vibrio  of  cholera,  p.  594  ;  V.  Micrococcus  melilensis, 
p.  595  ;  VI.  B.  diphtherice,  p.  595  ;  VII.  The  meningococcus,  p.  596  ;  VIII.  B.  pestis, 
p.  596  ;  IX.  B.  anthracis,  p.  598  ;  X.  B.  tetani,  p.  598  ;  XI.  S.  pallidum,  p.  598  ;  XII. 
Trypanosomes,  p.  599;  XIII.  Typhus  fever,  p.  600;  XIV.  Epidemic  pneumonia,  p.  600  ; 
XV.  Investigation  of  material  for  rabies,  p.  602. 

Bacteriological  analysis  of  water,  p.  602. 

METHODS  OF  ISOLATION,  DETECTION,  AND  IDENTIFICATION  OF  THE 
MORE  IMPORTANT  PATHOGENIC  MICRO-ORGANISMS  CAUSING 
DISEASE  IN  THE  TROPICS. 

I.  B.  typhosus. 

A.  Blood  culture  is  of  use  in  the  first  10  days  of  the  illness.  Remove 
5-10  c.c.  of  blood  from  a  vein,  preferably  in  the  late  afternoon  or  evening 
when  the  temperature  is  rising,  inoculate  2  per  cent  taurocholate  of  soda  solution 
and  incubate  at  37°  C.  Subculture  on  McConkey’s  medium  (p.  517)  to  obtain 
discrete  colonies.  Fish  off  colourless  colonies  and  inoculate  broth,  test  for 
motility  and  whether  Gram-negative  ;  subculture  after  12  hours  on  to  agar. 

Subculture  from  the  broth  into  the  sugars  and  litmus  milk.  Test  for  indol 
in  the  broth  culture  (p.  521)  ;  complete  identification  by  specific  agglutina¬ 
tion  tests. 

B.  typhosus  is  a  non-lactose  fermenter,  produces  acid  in  glucose,  acid  in 
mannite  and  sorbite,  and  acid  in  milk  but  no  clot  ;  with  some  strains  the  milk 
becomes  alkaline  after  15  days.  B.  typhosus  is  motile,  Gram-negative,  and 
does  not  produce  indol. 

B.  Faeces  and  urine.  The  bacillus  may  be  isolated  from  the  faeces  and 
urine  at  any  stage  of  the  disease.  In  the  case  of  faeces  emulsify  a  small  amount 
in  water  and  inoculate  peptone  water  containing  brilliant  green  (p.  576).  After 
24  hours’  incubation  at  37°  C.,  subculture  on  McConkey’s  medium  as  in  A. 
Inoculate  suspicious  colonies  (colourless  and  dewdrop-like  in  appearance)  into 
broth  and  proceed  as  in  A. 

In  the  case  of  the  urine  it  is  advisable  to  take  a  catheter  specimen.  Centrifuge 
and  inoculate  sediment  into  peptone  brilliant  green  medium  and  proceed  as 
for  faeces. 

Ehrlich’s  diazo  reaction  should  also  be  employed  (p.  583). 

C.  Serum  agglutination.  Is  only  possible  after  the  ninth  day  of  the 
disease.  Method  of  application,  see  p.  547.  If  agglutination  occurs  in  a  serum 
dilution  of  1  in  30  in  half  an  hour,  it  is  of  diagnostic  significance. 

D.  Post-mortem  material.  Material  may  be  obtained  from  the  bile,  heart 
and  spleen  blood,  and  from  intestinal  lesions  (Peyer’s  patches  of  the  ileum)  and 
mesenteric  glands.  Inoculate  taurocholate  fluid  media  and  proceed  as  in  A. 

II.  B.  paratyphosus  A  and  B. 

The  methods  employed  in  I.  may  be  used  for  these  organisms.  B.  para¬ 
typhosus  A  is  motile,  Gram-negative,  and  does  not  produce  indol.  It  is  a  non- 
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lactose  fermenter,  produces  acid  but  no  clot  in  litmus  milk,  and  acid  and  gas 
in  glucose  mannite,  dulcite,  and  sorbite.  B.  paratyphosus  B  differs  only  in  its 
biochemical  reactions  from  B.  paratyphosus  A  by  its  action  on  litmus  milk. 
In  milk  it  produces  an  initial  acidity  without  clotting,  followed  in  three  days 
by  alkalinity.  B.  paratyphosus  A  and  B  can  be  further  differentiated  by 
specific  agglutination  tests.  B.  enteritidis  of  Gsertner  resembles  B.  paratyphosus 
B  and  can  only  be  differentiated  by  specific  agglutination,  complement  absorp¬ 
tion  tests,  and  Castellani’s  absorption  test  (pp.  547,  550). 

Serum  agglutination.  Can  be  carried  out  after  the  ninth  day  of  the 
disease,  when  specific  agglutinins  are  developed  for  the  respective  organisms. 
In  paratyphoid  A  infections  a  diagnosis  may  be  given  on  agglutination  with 
a  dilution  of  1  in  10  ;  in  paratyphoid  B  infections  with  a  dilution  of  1  in  25. 

III.  B.  dysenterise. 

A.  Blood  culture.  This  method  is  rarely  successful  and  for  practical 
purposes  can  be  dismissed. 

B.  Stools.  The  difficulty  of  isolating  the  bacillus,  more  especially  when 
the  disease  has  existed  for  some  days,  is  well  known  to  pathologists,  and  the 
earlier  the  stools  are  examined  in  the  disease  the  greater  the  chance  of  success  ; 
moreover  it  is  essential  that  the  stool  be  as  fresh  as  possible.  It  is  more  satis¬ 
factory  to  obtain  the  whole  stool  than  a  mere  specimen  of  it.  The  bacilli  are 
in  greatest  profusion  in  the  mucus  and  muco-pus  ;  select  therefore  a  portion 
of  mucus  and  muco-pus,  wash  it  gently  in  normal  saline  so  as  to  get  rid  of 
faecal  matter,  remove  excess  of  saline,  and  place  a  portion  on  the  surface  of 
McConkey’s  medium  already  poured  into  a  Petri  dish.  By  means  of  a  glass 
rod  bent  at  right  angles,  rub  the  mucus  well  over  the  surface  of  the  plate,  cover 
the  plate,  and  rub  a  second  and  a  third  plate  with  the  same  glass  rod.  In  the 
second  and  third  plates  the  colonies  will  be  fewer  and  more  discrete.  Incubate 
at  37°  C.  for  24  hours  and  examine  the  plates,  picking  off  suspicious  clear,  minute 
colonies  and  inoculate  agar  slopes.  At  the  end  of  24  hours  examine  for  motility 
and  stain  by  Gram,  inoculate  the  various  sugars  and  litmus  milk  ;  complete 
the  identification  of  the  organism  by  macroscopic  agglutination  tests  with 
specific  dysentery  sera.  As  a  diagnosis  is  usually  urgently  required  it  is  often 
necessary  to  adopt  a  short  cut.  If  the  examination  of  the  agar  culture  shows 
a  non-motile  and  Gram-negative  bacillus  to  be  present,  emulsify  the  culture' 
and  put  up  two  rows  of  agglutination  tubes  containing  Shiga  and  Flexner  sera 
in  dilutions  of  1  in  50  to  1  in  500  and  add  the  emulsion  ;  place  in  a  rack  for 
12  hours  at  room  temperature  and  examine  for  the  presence  of  agglutination. 
The  further  examination  of  the  organism  is  also  proceeded  with.  Very  often 
a  more  rapid  diagnosis  can  be  given  if  the  dysentery  colonies  are  numerous  on 
the  McConkey  plates  by  picking  off  20  or  more  suspicious  colonies,  emulsifying 
them,  and  testing  the  emulsion  with  Shiga  and  Flexner  sera  on  a  Garrow’s 
agglutinometer  (p.  550). 

Strains  of  B.  dy  sentence  are  sometimes  encountered  which  are  inagglutinable, 
for  these  Andrewes  recommends  daily  subculturing  in  broth  after  which  they 
are  formalinized  and  kept  for  a  few  days  in  the  cold  when  they  will  usually 
•agglutinate  readily. 

Organisms  of  the  B.  dysenterice  group  are  usually  divided  into  mannite 
and  non-mannite  fermenters.  The  former  represents  the  Flexner  class,  including 
the  El  Tor  group,  and  the  latter  the  Shiga  type  of  organisms.  In  the  great  war 
various  so-called  paradysentery  organisms  were  isolated  ;  many  were  inagglutin- 
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able  strains  and  their  exact  relationship  to  the  disease  requires  further  investiga¬ 
tion.  The  B.  dysenteries  group  are  non-motile,  Gram-negative  bacilli  producing 
no  change  in  lactose,  but  acidity  followed  by  alkalinity  in  litmus  milk.  B.  dysen¬ 
teries  Flexner  produces  acid  in  glucose  and  acid  in  mannite  and  gives  a  positive 
indol  reaction,  B.  dysenteries  Shiga  produces  acid  in  glucose,  no  change  in 
mannite,  and  gives  a  negative  indol  reaction  ;  both  groups  of  organisms 
produce  no  change  in  saccharose,  dulcite,  adonite,  inosite,  and  inulin. 

C.  Serum  agglutination.  Specific  agglutinins  are  usually  present  in 
those  cases  in  which  the  bacillus  can  be  obtained  from  the  stools  and  are  specific 
for  their  group  type.  Specific  agglutinins  appear  as  early  as  the  second  day 
of  the  disease,  but  are  usually  most  marked  in  six  to  seven  days  after  the 
commencement  of  the  illness. 

In  carrying  out  agglutinin  reactions  the  macroscopic  method  is  the  best, 
and  the  serum  should  be  tested  against  the  various  type  antisera.  Controls 
of  normal  sera  should  be  employed  as  certain  strains  of  B.  elysenteries  Flexner 
are  liable  to  agglutinate  in  the  normal  serum.  A  positive  agglutination  of  the 
Shiga  bacillus  in  an  hour  (microscopic  method)  in  a  serum  dilution  of  1  in  50 
is  of  diagnostic  significance.  With  the  Flexner  bacillus  it  is  advisable  not  to 
consider  of  diagnostic  importance  any  agglutination  under  1  in  100. 

D.  Post-mortem  material.  The  methods  of  Manson-Bahr  or  Willmore 
are  the  most  certain  of  yielding  successful  results.  Manson-Bahr  recommends 
that  the  bowel  wall  be  well  washed  in  normal  saline  and  dried  ;  the  surface 
is  then  lightly  seared  and  superficially  incised  with  a  sterile  knife.  Willmore 
flushes  the  mucosal  surface  with  tap-water  and  then  carefully  swabs  it  dry  and 
scrapes  away  the  superficial  layers  of  the  mucosa.  A  large  platinum  loop  is 
filled  with  the  fluid  exuded  from  the  lower  layers  of  the  mucosa  and  transferred 
directly  to  McConkey’s  medium  ;  further  investigation  is  carried  out  as  in  B. 

IV.  Vibrio  of  cholera. 

A.  Blood  culture  yields  negative  results. 

B.  Stools.  Make  a  hanging  drop  preparation  and  smears  from  the  rice- 
water  stool  or  from  any  flakes  present  ;  examine  the  former  for  vibrios  showing 
active  motility  ;  fix  the  smears  and  stain  with  dilute  carbol  fuchsin  and  by 
Gram’s  method.  If  the  vibrios  are  numerous  inoculate  plates  containing  Dieu¬ 
donne’s  or  Gibson’s  media  (pp.  512,  517)  as  also  agar  plates  and  after  24  hours 
examine.  If  the  vibrios  are  in  pure  culture  make  an  emulsion  and  test  its 
agglutinability  with  a  high  titre  anti-cholera  serum.  If  positive  a  diagnosis 
of  cholera  may  be  given,  if  negative  the  vibrio  probably  belongs  to  one  of  the 
paracholera  group.  If  the  vibrios  are  not  numerous  in  the  stools  or  if  the  stools 
are  being  examined  for  suspected  carriers  of  the  organism,  inoculate  1  per  cent 
peptone  solution  with  a  loopful  of  the  stools  and  incubate  for  six  to  eight  hours. 
Remove  the  surface  layer  of  the  peptone  and  examine  microscopically  for  vibrios. 
If  present,  plate  out  on  Dieudonne’s  medium  ;  if  they  are  few  in  number  in 
the  superficial  layer  of  the  peptone  medium  inoculate  a  second  peptone  tube 
and  examine,  and  if  necessary  inoculate  a  third  peptone  tube,  then  subculture 
on  Dieudonne’s  medium  and  test  the  colonies  for  agglutination. 

Dunbar’s  method  ensures  of  a  more  rapid  diagnosis  being  made.  Take 
a  portion  of  the  mucus  from  the  suspected  stool  and  emulsify  it  in  peptone 
water.  To  one  part  of  the  emulsion  add  1  in  50  normal  serum  and  make  a 
hanging  drop  preparation.  To  the  remainder  of  the  emulsion  add  1  in  500  dilu¬ 
tion  of  anticholera  serum  and  put  up  in  a  hanging  drop  preparation.  If  the 
vibrios  are  cholera  vibrios  the  cholera  serum  will  be  found  to  agglutinate  these 
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and  render  them  immobile.  In  the  preparation  containing  the  normal  serum 
the  vibrios  retain  their  motility.  In  investigating  the  vibrio  further  the  following 
classical  characteristics  of  the  true  cholera  vibrio  should  be  regarded.  It  is 
an  actively  motile,  Gram- negative  vibrio,  growing  readily  in  peptone  water 
with  the  formation  of  a  surface  pellicle,  liquefying  gelatin  and  blood  serum, 
producing  a  cholera  red  or  nitroso-indol  reaction  (p.  521)  (add  a  few  drops  of 
pure  sulphuric  acid  to  a  24  hours’  culture  in  peptone  water  and  a  reddish  pink 
colour  is  produced) ;  it  is  non-haemolytic  (El  Tor  vibrio  produces  haemolysis) 1 
and  when  injected  into  an  immunized  guinea-pig  becomes  immobile  and  granular 
(Pfeiffer’s  phenomenon)  (chap.  40) ;  it  is  agglutinated  to  a  high  titre  with 
specific  anticholera  serum. 

C.  Serum  agglutination.  Is  only  of  value  as  a  diagnostic  test  after  an 
attack,  as  agglutinins  rarely  develop  before  the  eighth  day — reaching  the 
maximum  in  two  to  three  weeks  (1  in  400).  Control  normal  sera  should  be 
put  up  in  the  test.  The  test  is  of  value  in  detecting  carriers  (chap.  40). 

D.  Post-mortem.  Vibrios  may  be  isolated  from  the  gall  bladder  and 
from  the  bowel  contents  shortly  after  death  and  should  be  tested  as  in  B. 

V.  Micrococcus  melitensis  of  undulant  or  Malta  fever. 

A.  Blood  culture.  The  organism  can  be  obtained  by  haanoculture 
5-10  c.c.  of  blood  placed  in  several  flasks  of  broth  (faintly  alkaline)  in  reaction, 
or  on  several  agar  slopes  ;  in  the  latter,  growth  is  rarely  visible  before  the  third 
or  fourth  day.  It  is  a  Gram-negative  coccoid  or  slightly  oval  organism  frequently 
occurring  in  culture  in  pairs  and  chains  ;  it  is  said  to  be  motile,  but  this  is 
disputed.  It  produces  an  alkaline  reaction  in  litmus  milk,  does  not  ferment 
sugars,  nor  coagulate  milk,  and  is  agglutinated  by  specific  undulant  fever  serum 
and  by  the  blood  and  milk  of  infected  goats. 

B.  Urine  culture.  In  a  certain  percentage  of  cases  M.  melitensis  can  be 
isolated  from  the  centrifugalized  urine  (catheter  specimen).  The  sediment 
should  be  inoculated  on  agar  slopes. 

C.  Splenic  puncture.  The  spleen  harbours  the  organism  and  splenic 
material  can  be  used  for  cultural  purposes,  but  this  method  is  scarcely  justifiable 
owing  to  the  danger  of  the  operation. 

D.  Serum  agglutination.  Specific  agglutinins  usually  appear  as  early 
as  the  fifth  day  and  may  be  present  for  a  longer  period  than  a  year.  Agglutina¬ 
tion  in  a  dilution  of  1  in  30  in  half  an  hour  is  diagnostic. 

E.  Post-mortem.  Make  spleen  smears  and  stain  by  Gram’s  method  and  by 
weak  carbol  fuchsin ;  inoculate  successive  agar  slopes  with  the  splenic  material. 

VI.  B.  diphtherise.  (Chap.  40.) 

Swabs  of  the  suspected  material  be  it  from  the  throat,  eye,  etc.,  should  be 
examined  as  soon  as  possible  by  :  (1)  Smear  preparations  fixed  by  heat  and 
stained  by  toluidin  blue  or  by  Neisser’s  method  and  by  Gram’s  method.  If 
thin  beaded  rods  morphologically  resembling  Klebs— Loffler  bacilli  are  present  con¬ 
firm  whether  such  rods  retain  Gram’s  stain.  (2)  Inoculate  blood  serum  (p.  511) 
by  rubbing  the  swab  gently  across  the  surface  of  the  medium  and  examine 
at  the  end  of  20  hours  for  small  cream-coloured  colonies.  Prepare  smear 

1  Haemolytic  test  for  vibrios.  Centrifuge  a  seventy-two  hour  old  broth  culture  of  the 
vibrio.  Pipette  off  the  supernatant  fluid  and  carry  out  the  test  by  mixing  definite  volumes  of 
the  fluid  with  a  5  per  cent  emulsion  of  the  washed  red  blood  cells  of  a  sheep  or  rabbit  and  incu¬ 
bate  for  four  hours  at  37°  C.  and  then  place  in  ice-chest  and  examine  for  haemolysis  the  following 
morning  (Greig). 
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preparations  and  stain  with  toluidin  blue  and  Gram.  If  still  in  doubt  as  to 
the  organism  being  a  true  Klebs-Lo flier  bacillus  inoculate  media  containing  glu¬ 
cose  and  also  a  potato  slant.  The  Klebs-Loffler  bacillus  produces  acid  in  glucose 
and  an  invisible  growth  on  potato.  Inoculate  also  a  guinea-pig  subcutaneously 
with  1  c.c.  of  a  24  hours’  old  broth  culture  of  the  organism;  if  true  Klebs-Loffler 
bacilli  are  present  death  of  the  animal  usually  occurs  within  36  hours  with  the 
formation  of  a  necrotic  membrane  at  the  site  of  inoculation  surrounded  by 
inflammatory  oedema.  The  internal  organs  are  usually  congested  and  the 
SUPRARENAL  CAPSULES  INFLAMED  AND  HAEMORRHAGIC. 

VII.  Meningococcus. 

Is  usually  obtained  from  the  cerebrospinal  fluid  and  from  lesions  occurring 
as  complications  of  the  disease  (chap.  47). 

A.  Spinal  fluid.  The  fluid  should  be  removed  aseptically  by  lumbar 
puncture,  centrifugalized,  and  smears  prepared  and  stained  by  Gram’s  method. 
The  presence  of  Gram-negative  diplococci  is  practically  conclusive  evidence.  Con¬ 
firmatory  evidence  can  be  obtained  by  :  (1)  Growing  the  organism  on  nasgar 
(p.  511),  or  better  trypagar  (p.  510),  the  colonies  appearing  as  colourless  circular 
disks  with  a  finely  granular  opaque  centre  and  a  transparent  margin.  The 
colonies  are  lenticular  and  will  allow  objects  to  be  focused  if  seen  through  them. 
They  are  readily  emulsified  in  saline,  or  water.  (2)  Inoculating  sugar  media, 
the  meningococcus  producing  acid  in  glucose,  and  maltose  but  not  in  saccharose. 
(3)  Inoculating  nasgar  or  trypagar  and  incubating  the  cultures  at  23°  C.  the 
meningococcus  failing  to  grow  at  that  temperature. 

In  cold  weather  culture  media  should  be  inoculated  at  the  bedside  and 
transported  to  the  laboratory  in  a  warmed  container. 

B.  Serum  agglutination.  Specific  agglutinins  develop  about  the  fourth 
day  of  the  illness  when  agglutination  may  occur  in  a  dilution  of  1  in  50. 

C.  Post  mortem.  The  organism  may  be  obtained  from  the  fluid  meninges 
and  from  lesions  complicating  the  disease,  e.  g.,  from  the  lungs  where  pneumonia 
patches  are  present,  the  meningococcus  being  identified  by  the  methods 
described  under  A. 

From  the  point  of  view  of  therapy  it  is  essential  for  the  laboratory  worker 
to  be  able  to  state  the  type  of  meningococcus  present.  Four  types  have  so 
far  been  recognized  according  to  their  agglutinating  reactions  with  the  sera 
of  immunized  rabbits  ;  and  where  a  meningococcus  has  been  isolated  it  should 
be  tested  against  sera  representing  respectively  the  four  types.  Such  sera  can 
be  obtained  by  inoculating  rabbits  intravenously  with  killed  cultures  of 
meningococci. 

Meningococcal  carriers.  The  meningococcus  can  be  obtained  from 
the  nasopharynx  of  carriers.  The  nasopharynx  is  swabbed  and  cultures  on 
Buchanan’s  glucose  neutral  red  agar  prepared  and  incubated.  The  colonies 
are  investigated  according  to  the  methods  described  under  A. 

VIII.  B.  pestis. 

A.  Blood  culture.  The  bacillus  may  be  obtained  from  the  blood  by 
hsemoculture  in  all  forms  of  plague,  a  few  c.c.  of  the  blood  being  inoculated 
into  broth  or  placed  on  agar  slopes.  In  severe  and  rapidly  fatal  cases  micro¬ 
scopic  examination  of  stained  blood  smears  may  show  the  causal  organism. 

B.  Puncture  of  buboes.  In  bubonic  plague  this  is  usually  the  routine 
procedure.  The  gland  is  punctured  and  the  gland  juice  or  pus  obtained,  used 
for  making  smear  preparations  or  for  inoculating  agar  slopes.  Smear  prepara- 
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tions  should  be  fixed  in  alcohol-ether  and  stained  by  carbol  thionin  or  weak 
gentian  violet  and  by  Gram’s  method.  The  plague  bacilli  will  found  occurring 
as  small  oval  rods,  with  polar  staining  in  the  carbol  thionin  stained  preparations. 
They  are  Gram-negative  and  non-motile.  (In  suppurating  buboes  it  should  be 
remembered  that  the  specific  bacillus  may  have  entirely  disappeared.)  On 
agar  slopes  the  colonies  appear  as  white  disks  with  wavy  borders  (seen  by  a  lens). 
Inoculate  a  guinea-pig,  mouse,  rat,  or  rabbit  subcutaneously  with  an  emulsion 
of  the  culture  and  use  a  portion  for  subculturing  :  (1)  into  broth  to  which  is 
afterwards  added  oil  or  melted  butter  ;  (2)  on  to  agar  containing  4  per  cent 
sodium  chloride  (salt  agar).  In  the  former  the  stalactite  growth  below  the 
oil  surface  is  obtained,  in  the  latter  the  involution  forms  of  the  bacilli  appear 
to  advantage. 

C.  Excision  of  a  lymphatic  gland  is  indicated  where  there  is  absence 
of  buboes.  The  excised  gland  should  be  examined  as  in  B. 

D.  The  sputum.  In  pneumonic  plague  this  should  be  examined.  Smear 
preparations  are  dealt  with  and  cultures  prepared  as  in  B  ;  the  sputum  is 
also  emulsified  and  inoculated  subcutaneously  into  animals.  If  other  virulent 
organisms  such  as  pneumococci  or  streptococci  are  present,  the  sputum  should 
be  smeared  over  the  nasal  mucosa  or  over  the  shaved  skin  of  the  animal. 

E.  Serum  agglutination.  Specific  agglutinins  appear  about  seven  days 
after  the  onset  of  the  illness.  The  agglutination  test  should  be  carried  out 
by  the  macroscopic  method  and  the  emulsion  should  be  prepared  from  an 
agar  culture  emulsified  in  saline  and  allowed  to  settle  ;  the  supernatant  fluid 
is  used  in  the  test,  as  the  plague  bacillus  has  a  tendency  to  auto-agglutination. 
Agglutination  occurs  in  dilutions  of  1  in  10  to  1  in  50. 

F.  Post-mortem  material.  The  bacillus  may  be  recovered  from  the 
spleen,  lungs,  lymphatic  glands,  and  kidneys  ;  it  is  identified  by  the  methods 
described  under  B. 

G.  Animal  inoculation.  This  is  a  valuable  aid  to  the  diagnosis  and 
the  subcutaneous  route  should  be  employed.  In  the  case  of  sputum  the 
alternative  method  mentioned  above  should  be  used.  Rats  and  mice  succumb 
in  2-3  days,  guinea-pigs  in  2-5  days,  and  rabbits  3-8  days.  The  guinea-pig 
is  usually  employed  as  the  test  laboratory  animal.  A  few  hours  after  inoculation 
a  localized  oedema  occurs  with  the  swelling  of  the  nearest  lymphatic  glands 
and  in  24  hours  the  animal  appears  ill,  lying  on  its  side  with  its  coat  ruffled. 
The  post-mortem  changes  are  characteristic.  There  is  oedema  at  the  site  of 
inoculation,  congestion,  and  enlargement  of  the  lymphatic  glands,  congestion 
of  and  often  luemorrhages  into  the  internal  organs,  enlargement  of  the  spleen. 
The  plague  bacilli  can  be  recovered  from  the  spleen  blood,  pleural  and  peritoneal 
exudate,  and  from  the  lymphatic  glands  of  the  animal. 

Post-mortem  appearances  in  rats  naturally  infected  with  plague.  Buboes 
are  present  in  the  majority  of  naturally  infected  rats  and  are  usually  situated 
in  the  neck.  The  skin  of  the  rat  may  show  subcutaneous  haemorrhages,  particu¬ 
larly  in  the  submaxillary  regions.  The  liver  shows  necrotic  foci  scattered 
over  the  surface  and  throughout  its  substance,  forming  the  so-called  granular 
liver  which  is  pathognomonic  of  rat  plague.  The  spleen  is  firm  and  may  show 
nodules.  The  kidneys  and  suprarenals  are  congested.  Pleural  effusion  is 
commonly  present  and  the  lungs  often  show  hemorrhages.  The  diagnosis 
may  be  confirmed  by  examination  of  smears  and  cultural  tests,  etc.,  described 
under  B. 

In  rats  that  have  undergone  post-mortem  decomposition  the  presence 
of  pleural  effusion  and  a  granular  liver  should  be  regarded  with  grave  suspicion. 
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IX.  B.  anthracis. 

A.  Make  smear  preparations  from  the  suspected  material,  and  stain  by 
Gram’s  method  and  by  McFadyeans’s  method  (pass  the  slide,  film  surface  upper¬ 
most,  rapidly  across  a  flame  to  fix  it  imperfectly  and  stain  for  a  few  seconds 
with  an  old  solution  of  1  per  cent  methylene  blue  ;  a  deposit  of  amorphous 
polychromatic  granules  between  and  around  the  bacilli  is  characteristic  of 
anthrax).  B.  anthracis  is  Gram-positive. 

B.  Make  cultures  on  agar  slopes  and  incubate  at  37°  C.  Colonies  of  B. 
anthracis  examined  with  a  lens  will  show  the  characteristic  wavy  appearance 
(lock  of  hair). 

C.  Animal  inoculation.  Inoculate  an  emulsion  of  the  suspected  material 
subcutaneously  into  a  guinea-pig  or  mouse ;  the  animal  usually  succumbs 
in  48  hours  showing  inflammatory  oedema  at  the  site  of  inoculation  and  con¬ 
gestion  and  haemorrhages  of  the  internal  organs.  Smear  preparations  from 
the  organs  will  show  the  presence  of  bacilli  in  large  numbers. 

The  above  tests  are  usually  sufficient  for  a  diagnosis.  A  precipitin  reaction 
(Ascoli’s)  can  be  obtained  if  specially  treated  anthrax  material  be  added  to 
specific  serum. 

The  organism  in  its  spore  form  can  be  isolated  from  putrefying  cadavers 
of  animals  if  portions  of  the  skin  or  an  ear  be  sent  to  the  laboratory  extended 
on  plaques  of  wood  and  allowed  to  dry.  Under  no  circumstances  should  post¬ 
mortem  examinations  of  animals  be  made  in  the  fields  as  the  area  would  become 
infected  with  the  highly  resistant  spores. 

X.  B.  tetani. 

A.  Make  smear  preparations  of  the  discharge  from  any  lesions  present. 
Fix  and  stain  by  Gram’s  method  and  by  weak  carbol  fuchsin.  If  the  bacilli 
have  formed  spores  their  characteristic  drumstick  appearance  will  identify 
them.  At  times,  however,  the  smears  will  only  show  the  presence  of  slender 
Gram-positive  bacilli. 

B.  Cultures.  Inoculate  the  suspected  material  into  glucose  broth  and 
glucose  agar  tubes  (anaerobically).  Heat  some  of  the  tubes  to  100°  C.  for  three 
to  four  minutes,  cool  immediately,  and  incubate  at  37°  C.  Pick  off  suspicious 
colonies  and  make  stab  cultures  in  gelatin  and  glucose  agar  (anaerobically). 
Liquefaction  and  gas  formation  occurs  in  the  former  and  in  the  latter  a  growth 
with  lateral  offshoots  (fir-tree  appearance). 

C.  Animal  inoculation.  This  gives  more  certain  results.  Inoculate 
guinea-pigs  or  mice  subcutaneously  with  suspected  material  and  in  24  hours 
spasm  and  tetanic  contractions  will  occur  in  the  limbs  of  the  animals  if  B.  tetani 
is  present. 

XI.  Spironema  pallidum.  Collection  of  material. 

A.  Superficial  lesions.  (1)  Cleanse  lightly  the  lesion  with  cotton  wool 
soaked  in  saline  solution.  (2)  Make  the  patient  squeeze  the  lesion  continuously 
for  five  minutes  till  serum  collects  ;  it  may  be  necessary  to  scrape  the  base 
and  margins  of  the  lesion  with  a  needle.  (3)  If  bleeding  occurs  allow  the  blood 
to  clot  before  collecting  the  sample.  (4)  Allow  the  exuded  serum  to  run  into 
a  capillary  pipette  by  capillary  attraction.  If  the  serum  is  blood-stained  it 
should  be  diluted  with  a  little  normal  saline.  (5)  The  serum  is  then  blown 
gently  on  to  a  very  thin  cover-slip,  taking  care  to  avoid  air  bubbles,  and 
a  specially  thin  slide  (1  mm.  in  thickness)  is  placed  carefully  over  the  cover-slip 
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and  the  edges  of  the  latter  covered  with  vaselin.  The  specimen  can  then  be 
examined  by  the  dark-ground  illumination  method. 

B.  Lesions  of  the  mouth.  Avoid  as  much  as  possible  the  inclusion  of 
saliva  in  the  preparation.  Method  is  described  (p.  568). 

C.  Skin  lesions.  If  papular  the  lesion  should  be  superficially  scarified  and 
the  serum  squeezed  out  as  in  (1).  If  macular  apply  a  small  blister  oyer  the 
lesion  and  prepare  films  with  the  serum  obtained.1 

D.  Lymph  glands.  When  the  lymphatic  glands  are  enlarged  gland 
puncture  may  be  carried  out  by  means  of  a  hypodermic  syringe.  The  needle 
of  the  syringe  is  rotated  in  the  gland  and  the  gland  juice  withdrawn  by  suction, 
mixed  with  saline  and  a  cover-glass  preparation  made  for  examination  by  dark- 
ground  illumination.  It  is  often  advisable  to  fill  the  needle  of  the  syringe 
with  normal  saline  and  to  inject  this  when  the  puncture  has  been  made  and 
before  suction  is  applied. 

If  the  dark-ground  illumination  method  of  examination  is  not  available 
then  smear  preparations  of  the  suspected  material  can  be  fixed  and  stained  by 
the  methods  described  (p.  528). 

XII.  Trypanosomes. 

A.  Gland  puncture.  The  glands  in  the  neck  are  usually  chosen.  The 
gland  is  grasped  between  the  fingers  of  the  left  hand  and  a  sterile  dry  hypodermic 
needle,  with  syringe  attached,  is  inserted  well  into  the  substance  of  the  gland. 
The  needle  is  rotated  in  different  directions  for  30  seconds  or  more  to  disintegrate 
the  gland  substance  ;  the  piston  of  the  syringe  is  steadily  withdrawn  for 
a  short  distance,  and  the  whole  barrel  of  the  syringe  is  detached  from  the 
needle  which  is  left  attached  to  the  gland.  Gentle  compression  of  the  gland  will 
fill  the  needle.  The  needle  is  then  withdrawn,  re-attached  to  the  barrel  of  the 
syringe  and  its  contents  blown  on  to  a  slide,  covered  with  a  cover-slip,  rung  with 
vaselin,  mounted  as  a  hanging  drop  preparation,  and  examined  microscopically. 

B.  Blood  examination.  Remove  10-20  c.c.  of  blood  from  a  vein  and 
place  in  an  equal  quantity  of  sodium  citrate  solution.  Centrifuge,  examine 
the  sediment  or  the  leucocyte  layer  in  hanging  drop  preparations. 

The  ricin  method  has  been  found  useful  as  ricin  agglutinates  red  blood  cells 
but  not  trypanosomes.  Ricin  (Mercks)  1  per  cent  in  isotonic  solution  is  placed 
in  centrifuge  tubes  and  the  latter  sealed  and  kept  at  60°  C.  for  one  hour,  twenty  to 
thirty  drops  of  blood  are  placed  in  the  solution  and  centrifugalized.  Agglutina¬ 
tion  will  be  complete  in  a  few  minutes.  Pipette  off  the  supernatant  fluid  and 
centrifuge  ;  examine  the  sediment  for  trypanosomes,  either  in  stained  or  hanging 
drop  preparations.  This  method  is  also  useful  for  microfilariae. 

Teague  and  Clark  recommend  defibrination  of  the  blood,  after  which  it  is 
treated  with  an  equal  quantity  of  distilled  water  to  lake  it  ;  centrifugalize 
and  make  smears  from  the  sediment.  It  is  a  useful  method  when  the  trypano¬ 
somes  are  few  in  number. 

For  staining  purposes  Romanowsky  stains,  Leishman  or  Giemsa,  serve 
admirably  to  demonstrate  trypanosomes. 

C.  Animal  inoculation.  Remove  blood  as  in  B  and  inoculate  susceptible 
animals — guinea-pigs,  rats,  etc.,  subcutaneously,  injecting  1-2  c.c.  of  the  centri¬ 
fugalized  citrated  blood. 

D.  The  cerebrospinal  fluid.  The  fluid  is  removed  by  lumbar  puncture, 
centrifugalized  and  the  sediment  examined. 

The  Luetin  Reaction,  see  Vol.  II,  Syphilis. 
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XIII.  Typhus  fever. 

A.  Blood  culture  has  not  proved  successful. 

B.  Urine.  In  some  instances  a  proteus-like  organism  (X19)  has  been  isolated 
from  the  urine  but  its  relation  to  the  disease  is  as  yet  unknown. 

C.  Serum  agglutination  (Weil  Felix  reaction).  Agglutination  tests  with 
the  bacillus  X19  have  been  successful  in  such  a  large  number  of  cases  of  typhus 
fever  that  they  should  be  carried  out  as  a  routine  procedure.  The  patient’s 
serum  may  agglutinate  the  X19  organism  up  to  a  high  titre. 

Authors  are  now  agreed  that  the  reaction  is  diagnostic  of  typhus  in  a  dilution 
of  serum  1  in  50  or  higher.  In  about  10  per  cent  of  non-typhus  cases  an  agglutina¬ 
tion  may  be  observed  with  1  in  25  serum.  The  cultures  should  be  three  days 
old,  i.  e.,  they  should  be  incubated  for  24  hours  and  then  left  for  two  days 
in  the  ice-chest.  The  test  should  be  carried  out  at  37°  C.,  the  tubes  being  read 
after  2  hours,  and  again  after  6  to  8  hours  at  room  temperature.  In  the  stronger 
concentrations  of  serum  the  agglutination  sometimes  fails,  but  this  difficulty 
may  be  overcome  by  heating  the  serum  for  30  minutes  at  56°  C.  before  use. 
A  positive  agglutination  with  1  in  50  serum  is  diagnostic.  In  typhus  cases 
the  reaction  may  be  positive  on  the  fourth  day  of  the  disease,  and  if  it  is  repeated 
the  result  may  be  obtained  in  a  higher  dilution. 

D.  Animal  inoculation.  Monkeys  and  guinea-pigs  appear  susceptible  to 
intraperitoneal  inoculation  with  the  blood  of  typhus  cases.  In  the  former 
a  disease  very  similar  to  human  typhus  is  produced.  In  guinea-pigs  pyrexia, 
loss  of  weight,  and  occasionally  death  occur. 

XIV.  Investigation  of  epidemic  pneumonia. 

The  causal  organism,  the  pneumococcus,  may  be  obtained  in  large  numbers 
in  sputum,  pus,  and  other  exudates — films  being  prepared  and  stained  by 
Gram’s  method  which  will  show  the  presence  of  Gram-positive  lanceolate 
diplococci.  In  sputum  it  is  difficult  to  demonstrate  the  capsule  by  Gram’s 
stain  but  in  animal  exudates  it  is  often  evident.  To  obtain  organisms  in  culture 
an  emulsion  of  the  sputum  should  be  either  (1)  spread  over  blood  agar  or  better 
still  (2)  inoculated  subcutaneously  into  a  mouse  or  rabbit  ;  the  animal  dies 
24  to  48  hours  later  of  a  pneumococcal  septicaemia  and  pure  cultures  of  the 
organism  can  be  obtained  from  the  heart’s  blood,  by  inoculating  the  latter 
on  blood  agar  and  incubating  at  37°  C.  On  this  medium  pneumococci  appear 
as  delicate  dewdrop-like  colonies  causing  no  haemolysis  of  the  blood  medium. 
Subculture  011  to  sugar  media  including  inulin.  The  pneumococcus  ferments 
lactose,  raffinose,  saccharose,  and  inulin.  Test  the  organism  for  its  solubility 
in  bile  by  adding  0-3  c.c.  sterile  fresh  ox  bile  to  0-8  c.c.  of  a  culture,  the  pneumo¬ 
coccus  will  go  into  solution  after  being  placed  in  the  incubator  for  half  an 
hour  at  37°  C.,  the  culture  at  the  end  of  that  time  becoming  clear.  The 
fermentation  of  inulin,  the  non-haemolytic  action  on  blood  agar,  and  the  bile 
solubility  test  are  important  features  distinguishing  the  pneumococcus  from 
the  streptococcus.  Recent  work,  more  especially  at  the  Rockefeller  Institute, 
has  shown  that  the  pneumococci  like  the  meningococci  can  be  differentiated 
into  strains  according  to  their  agglutinative  properties  with  antisera,  and 
advantage  has  been  taken  of  this  fact  in  the  serum  treatment  of  the  disease, 
specific  serum  being  employed  for  the  specific  type  of  pneumococcus  causing 
the  infection. 

Up  to  the  present  four  types  of  pneumococcal  strains  have  been  determined, 
and  three  of  these  are  definite  (Types  I,  II,  and  III),  while  Type  IV  appears  to 
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be  less  virulent  and  probably  corresponds  to  the  types  of  pneumococci  found 
in  the  throats  of  healthy  individuals.  Type  III  ( Pneumococcus  mucosus)  can 
often  be  identified  by  Gram’s  stain  which  will  demonstrate  its  large  capsule. 
Type  II  has  a  larger  capsule  than  Type  I.  It  is  probable  that  other  types 
exist  and  predominate  in  different  parts  of  the  world.  Lister,  working  in  South 
Africa,  also  identified  various  types  of  pneumococci — A,  B,  C,  D,  and  E.  It 
has  since  been  determined  that  Lister’s  Type  C  corresponds  to  the  Rockefeller 
Type  I,  it  being  the  type  which  mostly  affects  Europeans  in  South  Africa ;  while 
Type  A,  which  is  the  native  strain,  is  apparently  not  represented  in  America. 

If  it  is  desired  to  transmit  pneumococci  for  type  determination  at  some 
distant  laboratory  it  is  best  to  send  the  desiccated  spleens  of  infected  mice ; 
but  possibly  dried  blood  or  sputum  might  prove  satisfactory. 

Determination  of  the  type  of  pneumococcus.  We  are  indebted  to  Dr.  Moore 
of  the  Rockefeller  Institute  for  the  notes  on  the  type  determination  of  the 
pneumococcus.  The  type  sera  (Rockefeller  Institute)  are  used  for  determining 
the  pneumococcal  types. 

1.  Agglutination  method.  Sputum  from  the  deeper  air  passages  is  washed 
three  times  in  normal  saline,  transferred  to  a  sterile  mortar  and  rubbed  up  with 
1  c.c.  sterile  broth  or  normal  saline,  and  0-5  c.c  .of  this  mixture  is  injected  intra- 
peritoneally  into  a  white  mouse  ;  kill  the  animal  when  it  appears  sick,  make 
films  from  the  peritoneal  exudate  and  stain  for  pneumococci  ;  make  cultures 
from  the  heart’s  blood.  Wash  out  the  peritoneal  cavity  with  4  c.c.  sterile  normal 
saline,  place  the  washings  in  a  centrifuge  tube  and  centrifugalize  at  a  low  speed, 
till  the  fibrin  and  cells  are  thrown  down.  Transfer  the  supernatant  fluid  to 
another  tube  and  centrifuge  at  high  speed  for  five  minutes  till  the  organisms 
are  thrown  down.  Pipette  off  the  supernatant  fluid  and  emulsify  the  sediment 
in  0-95  per  cent  salt  solution.  The  emulsion  is  used  for  macroscopic  agglutination 
tests  when  mixed  with  varying  dilutions  of  the  three  types  of  antipneumococcus 
sera  in  equal  quantities  of  0-5  c.c.  each  in  tubes  of  1  centimetre  diameter. 

With  Type  I  serum  the  0-5  c.c.  serum  is  diluted  to  1  in  20  ;  with  Type  II 
serum,  tubes  containing  0-5  c.c.  serum  undiluted  and  diluted  to  1  in  20  are  put 
up  ;  and  with  Type  III  serum  0-5  c.c.  is  diluted  to  1  in  5.  The  tubes  are  incubated 
at  37°  C.  for  one  hour  and  the  agglutination  readings  taken  ;  the  type  organism 
is  determined  accordingly.  One  tube  is  also  put  up  for  the  bile  solubility  test. 
If  no  agglutination  occurs  in  any  of  the  tubes,  and  the  organism  is  a  Gram¬ 
positive,  bile  soluble,  diplococcus  it  is  classified  as  a  Type  IV  pneumococcus. 

2.  Precipitation  method.  This  is  based  on  the  fact  that  the  pneumococcus 
produces  in  broth  cultures,  during  the  period  of  active  growth,  a  soluble  sub¬ 
stance  which  gives  a  specific  precipitin  reaction  with  the  homologous  type 
serum.  This  soluble  substance  is  also  present  in  the  peritoneal  exudate  of 
a  mouse  dead  from  a  pneumococcal  infection.  Centrifuge  the  saline  washings 
obtained  from  the  peritoneum  of  such  a  mouse  and  pipette  off  the  supernatant 
fluid  ;  mix  in  an  equal  volume  with  0-5  c.c.  of  each  type  of  antipneumococcus 
serum  in  a  series  of  small  tubes  thus  : 

Tube  1.  0-5  c.c.  antiserum  I  (1  in  10)  +  0-5  c.c.  supernatant  fluid. 

Tube  2.  0-5  c.c.  antiserum  II  (undiluted) +0-5  c.c.  supernatant  fluid. 

Tube  3.  0-5  c.c.  antiserum  II  (1  in  10) +0-5  c.c.  supernatant  fluid. 

Tube  4.  0-5  c.c.  antiserum  III  (1  in  5) +  0-5  c.c.  supernatant  fluid. 

An  immediate  precipitin  reaction  occurs  in  the  tube  containing  the  homo¬ 
logous  type  serum,  the  other  tubes  remaining  clear. 
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This  specific  test  should  be  employed  if  the  agglutination  test  has  been 
interfered  with  owing  to  the  presence  of  other  organisms  that  may  have  grown 
in  the  peritoneal  exudate. 

Precipitin  reaction  with  urine.  This  is  also  a  specific  test,  the  soluble 
substance  of  pneumococcal  origin  appearing  in  the  urine  12  hours  or  later  after 
the  onset  of  the  disease.  Take  0-5  c.c.  clear  urine  obtained  after  centrifugalizing 
it  and  mix  with  an  equal  volume  of  each  type  of  undiluted  antipneumococcus 
serum  in  a  series  of  agglutination  tubes.  The  precipitin  reaction  may  occur 
immediately  (from  a  barely  perceptible  cloud  to  a  heavy  flocculation)  or  may 
require  incubation  in  the  water  bath  at  87°  C.  for  one  hour. 

If  no  reaction  is  obtained  apply  the  following  method  of  concentrating  the 
urine.  Take  a  24  hours’  specimen  of  urine  and  to  25  c.c.  add  a  few  drops  of 
acetic  acid  ;  boil  down  to  a  volume  of  5  c.c.  Filter  and  add  to  the  filtrate  eight 
to  ten  volumes  95  per  cent  alcohol.  Centrifuge  and  collect  the  precipitate  ; 
dry  to  remove  excess  of  alcohol  and  extract  the  residue  with  2  to  3  c.c.  of 
0-85  per  cent,  salt  solution,  which  will  dissolve  the  soluble  substance.  The 
undissolved  matter  is  removed  by  centrifuging,  and  the  clear  salt  solution 
is  used  for  the  precipitin  test  as  described  above. 

XV.  Investigation  of  material  for  rabies. 

Method  of  examining  fresh  material  (Fletcher).  The  brain  of  the  suspected 
rabic  animal  is  carefully  removed  and  divided  in  half.  One  half  is  placed  in 
50  per  cent  glycerin  and  the  other  half  in  a  solution  containing  potassium 
bichromate  3  parts,  glacial  acetic  acid  5  parts,  water  100  parts,  and  sent  to  the 
laboratory. 

The  hippocampus  is  removed,  cut  into  small  pieces,  and  left  in  the  bichromate 
solution  for  about  one  hour.  At  the  end  of  that  time  a  small  piece  is  selected 
with  the  point  of  a  scalpel  from  near  the  edge  of  the  cut  surface  of  one  of  the 
small  pieces  of  hippocampus  so  as  to  include  the  layer  of  large  cells.  This  is 
spread  out  under  a  cover-slip  in  some  of  the  fluid  and  examined  at  once.  The 
Negri  bodies  have  a  greenish  colour  and  resemble  a  cat’s  eye  set  round  with 
pearls,  the  latter  appearing  as  vacuoles. 

The  result  of  the  examination  of  the  fresh  film  can  be  confirmed  by  fixing 
some  of  the  pieces  of  hippocampus  in  Zenker’s  fluid,  embedding  in  paraffin 
and  cutting  sections  which  are  stained  with  Mann’s  eosin  mixture  or  iron 
hsemotoxylin.  The  Negri  bodies  are  frankly  eosinophil. 

The  portion  of  the  brain  left  in  glycerin  may  be  removed  and  an  emulsion 
of  the  hippocampus  prepared  and  inoculated  into  the  brain-pan  of  a  rabbit, 
or  it  may  be  inoculated  into  the  anterior  chamber  of  the  rabbit’s  eye.  If  the 
material  is  rabic  the  rabbit  will  show  signs  in  13  to  18  days. 

BACTERIOLOGICAL  ANALYSIS  OF  WATER. 

The  main  points  requiring  investigation  are  :  (1)  The  bacterial  count 

per  1  c.c.  of  the  sample.  (2)  The  presence  of  B.  coli  and  streptococci.  (3)  The 
presence  or  absence  of  B.  enteritidis  sporogenes.  Special  examinations  may 
be  necessary  for  water  suspected  of  carrying  the  typhoid  bacillus  or  the  vibrio 
of  choleia. 

The  samples  should  be  collected  in  sterile  250  c.c.  bottles  fitted  with  glass 
stoppers.  These  are  packed  in  ice  and  sent  to  the  laboratory. 

In  taking  a  sample  of  river  water  the  bottle  should  be  immersed  and  the 
stopper  removed. 
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In  the  case  of  tap-water  the  tap  should  be  turned  on  and  the  water  allowed 
to  run  for  a  few  minutes  before  the  sample  is  collected. 

The  bacterial  count  per  1  c.c.  of  sample  water.  This  is  obtained  by  inoculating 
quantities  of  the  sample  varying  from  0T  to  1  c.c.  into  melted  agar  which  is 
poured  into  plates,  incubated,  and  the  colonies  counted  after  48  hours’  incuba¬ 
tion. 

The  presence  of  organisms  of  the  B.  coli  group.  Various  quantities  of  water — - 
1  c.c.,  5  c.c.,  10  c.c.,  25  c.c.,  and  50  c.c. — are  added  to  McConkey’s  bile  salt 
litmus  broth  tubes,  or  flasks  containing  Durham’s  tubes.  The  broth  receiving 
the  larger  quantities  of  water  should  be  of  double  and  triple  strength.  The 
tubes  are  incubated  for  48  hours  at  37°  C.  and  the  tubes  showing  acid  and  gas 
in  the  smallest  quantities  of  water  should  be  noted  and  further  investigated 
by  placing  a  loopful  of  the  culture  on  McConkey’s  solid  medium  (in  plates) 
and  spreading.  After  incubation  the  red  colonies  present  are  picked  off  and 
investigated  to  see  whether  they  produce  the  so-called  ‘  Flaginac  ’  reaction  1 
(fluorescence  in  neutral  red,  acid  and  gas  in  lactose,  indol  in  broth,  and  acid 
and  clot  in  milk). 

B.  enteritidis  sporogenes.  Take  several  10  c.c.  of  the  water  sample  and 
add  to  sterile  milk  tubes  ;  heat  to  80°  C.  for  ten  minutes  then  add  to  the  milk 
some  melted  va selin  (to  produce  an  anaerobic  culture) ;  incubate  for  48  hours. 
The  presence  of  this  organism  is  indicated  by  the  formation  of  tough  irregular 
masses  of  clot  lying  in  a  clear  whey. 

Streptococci.  Their  existence  in  a  water  sample  should  be  sought  for,  as 
they  may  be  faecal  in  origin.  All  suspicious  streptococcal-looking  colonies  on 
the  agar  plates  used  in  the  bacterial  count  should  be  picked  off  and  investigated, 
or  loopfuls  may  be  taken  from  the  inoculated  bile  salt  broth  tubes  and  spread 
over  McConkey’s  solid  medium.  Streptococci  appear  as  minute  colourless 
colonies  on  this  medium.  Their  biochemical  reactions  should  be  worked  out 
in  the  sugars  ;  those  of  faecal  origin  reduce  neutral  red,  and  ferment  lactose, 
saccharose,  and  salicin,  and  produce  acid  and  clot  in  milk. 

The  bacteriological  examination  of  the  water  will  give  some  indication 
as  to  its  potability. 

Experience  of  bacteriological  examination  of  water  in  the  tropics  will  show 
that  many  of  the  waters  constantly  in  use  would  be  condemned  by  home 
standards  as  unpotable.  Water  containing  B.  enteritidis  sporogenes  and  strepto¬ 
cocci  of  faecal  origin,  as  also  known  pathogenic  organisms,  should  be  condemned 
as  unfit  for  consumption. 

Surface  waters,  including  rivers  and  shallow  well  waters,  should  not  have 
a  higher  bacterial  count  than  50  colonies  per  1  c.c.  and  B.  coli  (Flaginac)  should 
be  absent  from  100  c.c. 

Isolation  of  B.  typhosus  and  allied  organisms  from  water.  Houston  recom¬ 
mends  that  50  c.c.  of  the  suspected  sample  should  be  centrifugalized  and  the 
deposit  spread  over  16  malachite  green  plates  ;  the  colourless  colonies  are 
picked  off  and  further  investigated  (p.  592).  If  there  is  little  sediment  in  the 
water  sample  5  parts  of  alumino-ferric  per  100,000  parts  may  be  added  to  the 
water  before  centrifugalization.  Instead  of  malachite  green  media  the  brilliant 
green  method  may  be  employed. 

1  Recent,  work  by  Robinson  has  shown  that  the  characteristic  feature  of  the  coliform 
bacilli  of  normal  faeces  is  that  they  are  distinguished  by  a  positive  indol  and  a  negative  Voges- 
Proskauer  reaction.  These  tests  should  prove  of  critical  value  in  the  bacteriological  analysis 
of  water  supplies. 
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Isolation  of  the  cholera  vibrio  from  water.  A  large  sample  should  be  collected 
and  90  c.c.  placed  in  several  Erlenmeyer  flasks  containing  10  c.c.  of  a  10  per 
cent  peptone  and  5  per  cent  sodium  chloride  solution.  Incubate  the  flasks 
at  37°  C.  and  examine  the  surface  layer  after  18  hours’  incubation.  If  vibrios 
are  present  their  characters  should  be  further  investigated  (p.  594). 


CHAPTER  29 

POST-MORTEM  EXAMINATIONS  IN  THE  TROPICS 

THE  POST-MORTEM  ROOM. 

In  the  tropics  this  should  be  a  well-lighted,  well- ventilated,  and  fly-proof 
apartment  with  the  walls  and  floor  composed  of  an  impermeable  surface  either 
of  cement  or  glazed  tiles.  It  should  be  fitted  with  an  operating  table  composed 
of  white  glazed  fire  clay  or  slate  raised  for  a  distance  of  34  inches  (85  cm.)  from 
the  floor  and  measuring  about  feet  (225  cm.)  in  length.  The  surface  of  the 
table  should  slope  from  the  margin  towards  the  centre  and  from  the  centre 
towards  the  foot  which  should  contain  an  opening  into  a  drain  pipe  leading  to 
a  pail  containing  an  antiseptic  solution. 

The  room  should  contain  a  glazed  sink,  raised  to  a  convenient  height  from 
the  ground,  with  sides  sufficiently  deep  to  allow  of  easy  handling  of  infected 
material.  Connected  with  the  sink  there  should  be  a  glazed  slab  with  a  surface 
sloping  towards  the  sink  upon  which  organs  can  be  examined.  Water  taps 
(with  rose  sprays  attached)  should  be  raised  above  the  sink  and  be  controlled 
by  levers  on  the  floor  ;  there  should  be  a  plentiful  supply  of  water.  A  hose  pipe 
for  cleaning  out  the  room  is  desirable.  A  few  shelves,  arranged  so  that  they  do 
not  touch  the  wall,  will  be  found  useful,  and  an  electric  fan  will  add  to  the 
comfort  of  the  pathologist. 

In  conducting  post-mortems  an  apron  and  overalls  will  protect  the  clothes 
and  the  use  of  rubber  gloves  is  to  be  commended,  any  abrasions  of  the  hands  or 
arms  should  be  covered  with  a  collodion  dressing  before  the  examination  is 
begun.  A  mixture  of  methylated  spirit  and  turpentine  will  aid  in  the  detection 
of  minute  abrasions  of  the  skin.  During  the  operation  no  blood  or  discharge 
should  be  allowed  to  dry  on  the  skin  of  the  operator.  This  can  be  prevented  by 
thorough  and  frequent  washing  with  tap- water  and  by  rinsing  in  1-1,000  biniodide 
of  mercury  or  1  in  200  lysol  solution.  The  shelves  should  hold  bottles  containing 
such  useful  solutions  as  perchloride  of  mercury  (saturated  solution),  tincture  of 
iodine,  ferrocyanide  of  potassium  (2|  per  cent  aqueous  solution),  hydrochloric 
acid,  glycerin,  Schaudinn’s  fluid,  absolute  alcohol,  70  per  cent  alcohol,  and 
10  per  cent,  formalin  ;  also  small  glass-stoppered  bottles  for  holding  tissues, 
museum  earthenware  jars  with  metal  lids,  glass  slides,  cover-slips,  spirit  lamps, 
a  few  test  tubes,  culture  media  dishes,  and  a  box  of  post-mortem  instruments. 
A  box  for  storing  cotton,  wool  and  tow,  needles  and  silk  thread  or  silk  will  be 
found  useful. 

After  the  examination  is  completed  the  hands  and  other  parts  exposed 
to  possible  infection  can  with  advantage  be  washed  in  running  water,  then  with 
soap  and  water,  followed  by  lysol  or  biniodide  of  mercury  solution,  and  finally 
washed  in  water  containing  a  deodorizing  agent  such  as  thymol,  camphor,  or 
some  coal  tar  derivative.  The  table  should  be  cleaned  with  a  solution  containing 
some  antiseptic  such  as  Sanitas,  and  the  floor  should  be  sprinkled  with  the  same 
solution  and  finally  washed  down  with  the  hose  pipe. 
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THE  EXAMINATION. 

In  the  tropics,  owing  to  caste  and  creed  prejudices,  it  is  often  a  matter  of 
great  difficulty  to  obtain  the  necessary  sanction  for  a  post-mortem  examination, 
and  therefore  in  the  carrying  out  of  the  examinations  it  is  essential  that  all 
unnecessary  disfigurement  be  avoided.  This  applies  especially  to  the  face.  The 
skin  incisions  should  be  as  few  as  possible,  and  should  always  be  made  perpen¬ 
dicular  to  the  surface. 

In  cases  where  there  is  splenic  or  hepatic  enlargement  and  permission  for  a 
post-mortem  examination  is  not  sanctioned  valuable  information  may  be  gained 
by  post-mortem  hepatic  or  splenic  puncture.  This  will  prove  useful  in 
doubtful  cases  of  kala  azar,  Banti’s  disease,  hydatid  cysts,  etc. 

Post-mortem  changes  occur  rapidly  in  the  tropics,  and  it  is  essential  that 
the  examination  should  be  made  as  soon  as  possible  after  death  ;  otherwise 
the  putrefactive  changes  will  alter  not  only  the  gross  macroscopical  appearance 
of  the  organs  but  will  cause  a  rapid  disintegration  of  any  protozoa  in  the 
tissues,  rendering  such  delicate  parasites  as  Leishmania  or  the  plasmodia  of 
malaria  difficult  of  recognition  in  stained  preparations. 

For  the  guidance  of  the  operator  all  the  clinical  facts  regarding  the  case 
should  be  placed  at  the  disposal  of  the  operator,  more  especially  in  medico-legal 
cases,  and  careful  records  of  the  post-mortem  examination  should  be  kept. 
External  examination  of  the  body. 

The  external  examination  may  show  important  indications  of  disease  and 
should  be  carried  out  carefully,  attention  being  paid  to  the  following  points  : 

(1)  The  general  nutrition  and  whether  emaciation  is  present.  General 
emaciation  is  seen  in  starvation,  in  prolonged  fevers  as  kala  azar,  typhoid, 
tuberculosis,  etc.,  and  in  the  cachexia  of  malignant  disease,  malaria,  and 
pellagra,  also  in  severe  helminth  infestations.  Chronic  dysentery  and  sprue 
tend  to  cause  emaciation. 

(2)  Evidence  of  cedema  is  seen  in  cardiac  disease  or  nephritis  and  in 
obstruction  to  the  venous  and  lymph  flow  as  in  cirrhosis  of  the  liver  associated 
with  kala  azar,  in  elephantiasis  of  the  limbs  and  scrotum,  and  in  ankylosto¬ 
miasis. 

(3)  Colour.  Post-mortem  lividity  is  seen  in  the  dependent  parts  of  the 
body,  and  when  occurring  in  patches  must  be  distinguished  from  bruises 
inflicted  before  death.  In  bruises  the  blood  is  found  not  only  in  the  vessels 
but  diffused  through  the  tissues.  Note  the  presence  of  haemorrhages  and 
ecchymotic  patches.  Petechial  haemorrhages  are  met  with  in  plague  and  in 
yellow  fever,  and  in  the  latter  are  sometimes  associated  with  extravasation  of 
blood  in  the  muscles.  In  typhus,  in  cerebrospinal  meningitis,  and  in  Rocky 
Mountain  spotted  fever  petechial  haemorrhages  may  occur.  Evidence  of 
icteroid  pigmentation  of  the  skin  and  mucous  membranes  should  be  looked  for  ; 
this  occurs  in  the  pernicious  type  of  malaria,  yellow  fever  where  it  is  most 
marked  in  the  dependent  parts  of  the  body,  and  in  black-water  or  haemo- 
globinuric  fever,  Weil’s  disease,  and  it  may  also  occur  in  relapsing  fevers.  It  is 
also  seen  in  the  spotted  fever  of  the  Rocky  Mountains.  Anaemia  associated 
with  a  sallow  colour  is  noted  in  malarial  cachexia  and  in  certain  splenomegalies 
associated  with  blood  destruction,  as  also  in  malignant  disease.  Anaemia  is 
always  noted  in  severe  ankylostomiasis  and  in  kala  azar. 

(4)  Rigor  mortis.  This  occurs  first  in  the  muscles  of  the  head,  neck,  and 
upper  extremities,  and  spreads  to  the  lower  extremities — usually  appearing 
three  to  six  hours  after  death.  It  occurs  almost  immediately  in  sudden  death, 
and  occurs  early  and  remains  for  some  time  in  cholera  ;  it  occurs  early  and  passes 
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off  rapidly  in  long  continued  exhausting  diseases.  In  sunstroke  it  is  delayed. 
It  passes  off  in  the  order  in  which  it  has  appeared  and  its  disappearance  coincides 
with  the  onset  of  decomposition. 

(5)  The  presence  of  skin  eruptions.  The  subcuticular  mottling  of  typhus, 
the  roseolar  rash  of  typhoid,  the  rash  of  smallpox,  the  granulomatous  eruptions 
of  yaws,  verruga,  and  syphilis,  and  the  dermatitis  of  ankylostomiasis  may  be 
found  post  mortem.  Skin  eruptions  such  as  sudamina  and  Tinea  flava  are 
common  among  natives.  Symmetrical  erythema  with  desquamation  of  the 
cutis  and  thickening  of  the  skin  is  typical  of  pellagra.  The  so-called  veldt  sores, 
local  Leishmaniasis  and  pyogenic  affections  of  the  skin  are  worthy  of  note. 
Keloid  scars  are  often  present  among  the  victims  of  tribal  customs,  more 
especially  in  Africa. 

(6)  Enlargement  of  the  lymphatic  glands.  The  cervical  glands  are 
enlarged  in  trypanosomiasis,  infections  with  Microfilaria  perstans,  tubercle,  and 
scalp  pediculosis.  General  enlargement  of  the  lymphatic  glands  occurs  in 
lymphadenoma.  The  lymphatic  glands  are  also  enlarged  in  bubonic  plague 
and  in  the  condition  known  as  climatic  bubo. 

(7)  Local  swelling  of  the  tissues.  This  may  result  from  many  causes, 
but  mention  may  be  made  of  infestation  with  guinea -worm,  the  calabar  swellings 
of  F.  loa,  swellings  caused  by  Onchocerca  volvulus ,  and  infection  with  mycetoma, 
nocardia,  and  blastomyces. 

The  abdomen. 

As  a  large  number  of  tropical  diseases  affect  the  abdominal  viscera  it  is 
advisable  to  commence  the  investigation  of  the  internal  organs  by  opening  the 
abdomen  and  examining  its  contents,  but  before  doing  so  it  will  be  convenient  to 
open  the  thorax  as  well  and  defer  the  examination  of  the  thoracic  viscera  till  later. 

Stand  on  the  right  side  of  the  body  and  with  a  strong  knife  make  a  single 
incision  through  the  skin  and  subcutaneous  tissues,  commencing  at  the  symphysis 
menti  and  continuing  down  the  middle  line  of  the  sternum,  through  the  muscular 
wall  of  the  abdomen  passing  round  the  umbilicus  and  extending  to  the  pubes  ; 
then  make  an  opening  into  the  peritoneum  at  a  point  below  the  ensiform  cartilage 
and,  by  inserting  the  fingers  into  the  opening,  raise  the  abdominal  wall  and  by 
means  of  a  bistoury  cut  from  within  outwards,  so  as  to  complete  the  incision. 
Separate  the  attachments  of  the  recti  and  pyramidales  muscles  above  and  on 
each  side  of  the  pubes.  The  upper  parts  of  the  muscles  should  be  examined  for 
evidence  of  hyaline  translucent  areas  (Zenker’s  degeneration)  seen  in  general 
toxaemias  and  in  typhoid.  These  muscles  are  also  the  site  of  encapsuled  trichinae 
which  appear  as  white  opaque  points. 

As  soon  as  the  abdomen  is  opened  observe  the  colour  of  the  liver  and  the 
relative  position  of  the  organs,  and  note  also  the  presence  or  absence  of  peri¬ 
toneal  fluid  ;  in  cholera  the  peritoneal  surface  is  dry  and  sticky.  Look  for  any 
evidence  of  perforation,  peritonitis,  constrictions,  and  adhesions — especially 
in  the  region  of  the  appendix.  Examine  the  omentum  and  sever  its  connexion 
with  the  transverse  colon. 

Examine  the  spleen  and  note  whether  it  is  enlarged  and  whether  it  is  adherent 
to  the  surrounding  tissues.  Remove  the  organ  and  weigh  it.  Normally  the 
weight  is  about  5J  ounces  (156  grm.).  Note  whether  the  capsule  is  thickened 
and  whether  any  infarcts  are  present.  Then  incise  the  spleen  in  several  places, 
noting  its  colour  and  consistence  and  the  appearance  of  the  splenic  trabecula1 
and  Malphigian  bodies.  In  acute  malaria  the  spleen  is  enlarged  and  its  surface 
dark,  while  its  parenchyma  is  soft.  In  the  spleen  of  chronic  malaria  there  is 
often  perisplenitis  with  an  enlargement  of  the  organ  ;  the  trabeculae  are  hyper- 
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trophied,  and  on  section  the  spleen  is  of  a  reddish  brown  colour.  In  kala  azar 
and  Banti’s  disease  the  enlarged  spleen  may  show  infarcts  and  on  section  it  is 
firm  and  fibrous,  of  a  dark  plum  colour.  In  spleno-medullary  leukaemia  the 
enlarged  spleen  has  a  thickened  capsule  beneath  which  haemorrhages  and 
infarcts  may  be  seen  ;  on  section,  it  is  somewhat  soft  in  the  early  stages  of  the 
disease,  while  later  it  is  fibrous  and  of  a  4  pounded  beef  steak  ’  appearance.  In 
lymphatic  leukaemia  the  organ  may  or  may  not  be  enlarged  and  haemorrhages 
are  often  present  under  the  capsule.  In  lymphadenoma  the  enlarged  spleen 
has  a  thickened  capsule  and  on  section  has  a  brownish  red  colour  with  the 
Malpighian  bodies  prominent  and  projecting  in  some  cases  to  form  nodules  of 
a  grey  colour  (suet  spleen).  The  enlarged  spleen  of  miliary  tuberculosis  is  not 
uncommonly  met  with  in  the  tropics.  The  cut  surface  is  dark  red  and  shows 
the  familiar  millet  seed  nodules.  In  schistosomiasis  the  spleen  is  sometimes 
enlarged  and  may  show  infarcts.  Occasionally  in  ankylostomiasis  a  certain 
degree  of  splenomegaly  is  present.  In  nodular  leprosy  the  splenic  pulp  may  be 
infiltrated  with  yellow  areas  containing  the  bacillus  of  leprosy. 

Splenic  enlargement  also  occurs  in  undulant  and  relapsing  fever  ;  in  these 
diseases  the  organ  is  often  soft  and  diffluent.  In  black-water  fever  the  spleen 
is  often  enlarged  and  congested  with  evidence  of  malarial  pigment.  In  trypano¬ 
somiasis,  more  especially  in  infections  with  T.  cruzi  the  spleen  is  enlarged. 
Rupture  of  the  enlarged  spleen  as  a  result  of  direct  violence  is  met  with  in  the 
tropics.  A  certain  degree  of  splenic  enlargement  occurs  in  typhoid  fever  and 
plague.  The  diffuse  waxy  and  sago  spleen  is  also  met  with  and  can  be  recognized 
by  its  macroscopic  appearance  and  the  iodine  test.  In  the  tropics  it  should  be 
a  routine  procedure  to  make  thin  smear  preparations  from  the  spleen  for  micro¬ 
scopical  examination,  and  portions  should  also  be  placed  in  suitable  fixatives 
for  histological  work.  In  septicaemias  such  as  plague,  typhoid,  or  undulant  fever, 
cultures  in  suitable  media  should  be  prepared,  the  surface  of  the  organ  being 
first  seared  with  a  hot  knife  and  the  material  for  culture  being  obtained  from 
the  depth  of  the  organ  by  means  of  a  sterile  pipette. 

The  hydatid  cysts  of  Echinococcus  granulosus  are  sometimes  found  in  this 
organ  and  more  rarely  those  due  to  Cysticercus  celluloses. 

The  kidneys  should  be  removed  by  incising  the  peritoneum  external  to  and 
behind  the  ascending  and  descending  colon,  they  are  then  raised  and  detached 
from  their  connexions  by  an  incision  close  to  the  hilus.  The  fat  is  removed  from 
the  capsule  and  the  organ  weighed.  The  average  weight  is  about  6  ounces 
(169  grm.),  the  left  kidney  being  a  little  heavier  than  the  right.  An  incision  is 
then  made  on  the  convex  outer  border  of  the  organ  down  to  the  pelvis.  Note 
the  relative  thickness  of  the  cortex  to  the  medulla.  The  cortex  measures 
about  5-6  mm.  in  width  or  about  one-third  of  the  width  of  the  medulla.  It  is 
widened  in  acute  and  subacute  inflammations  and  in  waxy  degeneration  of  the 
kidney  ;  and  narrowed  in  chronic  nephritis.  The  cortex  has  normally  a  bluish 
grey  colour  which  when  associated  with  opacity  indicates  fatty  and  granular 
changes  in  the  tubules.  A  dark  red  cortex  indicates  increased  vascularity. 

Haemorrhages  in  the  cortex  occur  in  acute  nephritis,  pyaemia,  lymphatic 
leukaemia,  plague,  and  yellow  fever,  and  as  the  result  of  infarcts.  Strip  the 
qapsule  ;  in  acute  nephritis  the  capsule  strips  more  readily  than  normal.  If 
fibrous  changes  have  occurred  in  the  kidney  the  capsule  strips  with  difficulty. 
In  plague  and  yellow  fever  subcapsular  haemorrhages  are  often  present.  In 
acute  malaria  the  kidney  is  often  congested,  and  in  the  chronic  form  of  the 
disease  the  kidney  is  enlarged  with  pale  cortex  and  may  show  little  pigmentation. 
In  the  early  stages  of  black-water  fever  the  kidney  is  enlarged  and  congested 


608 


LABORATORY  METHODS 


and  of  brown  colour  ;  the  tubules  are  often  blocked  with  haemoglobin.  In  plague 
the  kidneys  are  congested  and  enlarged  and  may  show  haemorrhages  in  the 
pelvis.  In  ankylostomiasis  the  kidneys  are  fatty  with  parenchymatous  changes. 
In  cholera  the  kidneys  are  swollen  (parenchymatous)  and  may  show  ecchymosis. 
In  schistosomiasis  of  the  bladder  secondary  changes  such  as  hydronephrosis, 
pyelitis,  and  abscess  of  the  kidney  may  occur,  and  the  schistosome  ova  may  be 
found  in  the  pelvis  of  the  kidney.  In  the  tropics  renal  calculi  with  secondary 
changes  in  the  organ  are  not  uncommon  and  the  so-called  scrofulous  or  tubercu- 
lous  kidney  is  by  no  means  rare  ;  the  same  may  be  said  of  the  amyloid  kidney. 
Animal  parasitic  infestations  are  not  commonly  met  with.  In  filarial  infestations 
associated  with  chyluria  the  adult  worms  may  be  found  in  the  lymphatics  of 
the  renal  pelvis. 

The  examination  of  the  kidney  should  conclude  by  inspection  of  the  ureters 
which  should  be  opened  and  their  mucous  membrane  examined  for  evidence 
of  inflammation  or  the  presence  of  a  calculus. 

The  examination  of  the  suprarenal  capsules  is  often  neglected.  Their  size, 
colour,  and  appearance  on  section  should  be  noted.  Congestion  and  haemo¬ 
rrhages  in  these  organs  have  occurred  in  severe  malaria  and  in  leucocythremia. 
Amyloid  disease  is  not  infrequently  met  with,  but  fibroid  tuberculosis  is  not 
common.  Changes  in  the  suprarenals  have  been  described  in  pellagra  and 
beri-beri. 

The  bladder  should  be  opened  in  situ  and  any  abnormality  of  the  mucous 
membrane  noted.  The  surface  is  thickened  with  congested  areas  (the  so-called 
‘  sandy  patches  ’)  in  schistosomiasis  of  the  bladder,  and  polypi  may  also  be 
associated  with  this  disease.  Simple  papillomata  are  uncommon.  Inflammation 
the  result  of  a  B.  coli  infection  is  frequently  met  with  in  the  tropics,  and  may 
lead  to  secondary  inflammatory  changes  in  the  ureters  and  kidneys.  Vesical 
calculus,  free  or  encysted,  is  not  rare  among  native  tribes,  and  oxaluria  is  common 
not  only  among  natives  but  also  in  Europeans,  setting  up  symptoms  frequently 
mistaken  for  stone  in  the  bladder.  The  seminal  vesicles  and  urethra  should  be 
examined  for  evidence  of  inflammation,  enlargement,  or  stricture.  Enlarged 
prostate  (fibro-adenoma)  is  comparatively  common  among  elderly  natives. 

The  testicles,  spermatic  cord,  and  scrotum  should  be  examined  for  evidence 
of  pathological  change.  Gonorrhoeal  epididymitis  and  orchitis,  traumatic  or 
syphilitic,  are  often  seen.  Tuberculosis  and  leprosy  of  the  testicle  may  be 
found.  The  scrotum  is  often  attacked  in  elephantiasis.  The  penis  should 
always  be  examined  for  evidence  of  indurated  scars.  The  genitals  and  thighs 
may  be  the  seat  of  an  infection  known  as  ulcerating  granuloma  of  the  pudenda, 
and  the  anus  of  condylomata. 

In  the  female  the  uterus  should  be  examined  for  evidence  of  fibroids  or  injury 
to  the  wall  or  its  peritoneal  covering  ;  the  os  should  also  be  inspected  for  ulcers 
or  signs  of  malignant  disease.  The  vagina,  broad  ligaments,  and  Fallopian  tubes 
should  also  be  examined. 

The  rectum  should  be  ligatured  at  its  upper  extremity  and  opened  up,  its 
mucous  membrane  examined  for  evidence  of  polypoidal  growths  or  ulcers  due 
to  schistosomiasis,  granulomata  of  fungal  origin  (blastomycosis),  syphilitic 
granulomata,  and  simple  or  malignant  ulceration. 

If  the  clinical  history  suggests  poisoning  the  stomach  should  be  ligatured 
some  distance  above  its  oesophageal  opening  and  a  second  ligature  should  be 
placed  round  the  lower  part  of  the  duodenum  ;  the  area  between  the  ligatures 
is  removed  and  the  contents  placed  in  a  clean  glass  bottle  for  chemical  analysis. 
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After  the  contents  have  been  removed,  examine  for  evidence  of  inflammation, 
ulcers,  obstructions,  or  thickening  of  the  pylorus.  Apart  from  the  effects  of 
poisons,  including  alcohol,  the  stomach  mucosa  is  found  congested  in  yellow 
fever  and  ulcers  near  the  lesser  curvature  may  be  found  in  lymphatic  leukaemia. 
In  schistosomiasis  the  stomach  may  show  cystic  formations  containing  the  ova 
of  the  parasite. 

The  duodenum  should  also  be  examined  for  any  evidence  of  inflammation 
or  ulceration,  and  for  infestations  with  Ascaris,  ankylostomes,  and  trematode 
worms  (F.  buski  and  Heterophyes).  The  bile  papilla  should  be  examined  and 
pressure  put  on  the  bile-duct  to  note  if  the  bile  flow  is  obstructed  or  not  ;  the 
common  bile-duct  may  then  be  opened. 

After  the  examination  of  the  stomach  and  abdomen  the  liver  may  be 
removed  for  examination  by  cutting  the  arch  of  the  diaphragm  along  the  left 
border  of  the  liver,  pulling  the  organ  forward  and  cutting  all  its  posterior  attach¬ 
ments.  The  liver  should  now  be  taken  out  and  the  gall  bladder  examined 
for  evidence  of  gall  stones,  inspissated  bile,  and  helminths.  In  cases  where  a 
typhoid-paratyphoid  infection  has  been  suspected  the  surface  of  the  gall  bladder 
should  be  seared  with  a  hot  knife  before  it  is  opened,  a  sterile  pipette  inserted, 
and  the  bile  aspirated  and  inoculated  into  suitable  media  for  the  cultivation  of 
bacilli  of  the  typhoid-paratyphoid  group  (p.  576).  The  same  procedure  may 
be  adopted  to  ascertain  whether  the  cholera  vibrio  is  present  in  the  bile.  The 
liver  should  be  weighed.  Normally  its  weight  is  approximately  54  ounces 
(1,620  grm.)  in  the  male,  and  45  ounces  (1,275  grm.)  in  the  female.  Examine 
the  capsule  for  any  evidence  of  thickening  or  adhesions.  The  shape  and 
consistence  of  the  liver  should  be  noted.  It  should  then  be  incised  by  a  series 
of  antero  -  posterior  cuts  with  a  knife ;  the  incisions,  however,  should  not 
extend  completely  through  the  organ.  By  these  incisions  the  consistence  and 
friability  of  the  organ  can  be  gauged.  Any  increase  of  connective  tissue  causes 
increased  resistance  to  the  knife.  Examine  the  lobules  and  apply  iodine  solution 
(iodine  1  part,  potassium  iodide  2  parts,  water  100  parts)  and  note  the  change 
in  colour,  if  any,  of  the  area  corresponding  to  the  intermediate  zone  of  the  lobule. 
In  waxy  disease  this  zone  becomes  dark  brown  with  the  iodine  test,  while  the 
area  internal  to  and  external  to  the  intermediate  zone  assumes  a  yellow  colour. 
Note  the  size  of  the  lobules  ;  normally  they  measure  about  —s  to  oV  inch 
(1  to  2  mm.). 

Examine  for  evidence  of  active  congestion  which  is  comparatively 
common  in  the  tropics  and  is  met  with  in  malaria,  plague,  black-water  fever, 
dysentery,  and  cholera.  The  liver  is  usually  enlarged  and  of  a  uniform  dark 
colour  ;  on  section  a  large  amount  of  blood  escapes  from  the  surface.  In 
chronic  venous  congestion  or  nutmeg  liver  the  organ  is  enlarged  in  the 
early  stages  and  somewhat  diminished  in  size  later  ;  section  shows  that  the 
central  zone  is  more  congested  than  the  periphery.  Examine  for  evidence  of 
infarcts,  tuberculosis,  leprosy,  or  new  growth. 

Areas  of  focal  necrosis  usually  of  a  greyish  brown  colour  are  commonly 
found  in  typhoid  fever. 

Multiple  abscesses  in  the  liver  are  found  in  general  portal  pytemia.  The 
so-called  liver  abscess  of  the  tropics  has  for  its  seat  of  election  the  right  lobe, 
and  may  be  single  or  multiple  with  ragged  walls  and  contents  consisting  of 
chocolate  coloured  viscid  pus  containing  the  entamoebfe  of  dysentery.  A  single 
abscess  may  arise  during  the  course  of  a  paratyphoid  infection  or  be  in  reality  a 
suppurated  hydatid  cyst.  Actinomycotic  abscess  is  occasionally  met  with 
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and  can  be  diagnosed  by  the  presence  of  the  yellow  actinomycotic  grains  in 
a  somewhat  slimy  pus. 

Cloudy  swelling  of  the  liver  or  parenchymatous  inflammation  is  present 
in  Weil’s  disease  and  in  diseases  associated  with  high  fever.  The  organ  is 
enlarged  and  paler  than  normal  and  on  section  appears  opaque.  The  condition 
is  often  associated  with  fatty  degeneration.  In  fatty  degeneration  the  liver 
is  increased  in  size  in  the  early  stages  but  later  diminishes  and  varies  in  colour 
from  a  dull  brown  to  a  yellow  shade.  It  is  met  with  in  typhoid  fever,  Rocky 
Mountain  spotted  fever,  ankylostomiasis,  yellow  fever,  pernicious  ansemia, 
and  in  arsenical,  phosphorus,  and  antimony  poisoning.  Fatty  infiltration  is 
a  frequent  result  of  alcoholism  and  causes  great  enlargement  of  the  organ  ; 
syphilis  of  the  liver  usually  manifests  itself  by  the  presence  of  gummata. 

Gummata  often  undergo  necrosis  and  fatty  changes  and  eventually  become 
surrounded  by  dense  fibrous  tissue.  Puckered  scars  often  form  a  feature  of 
the  syphilitic  liver  and  a  cirrhosis  of  a  coarse  type  may  be  present. 

Cirrhotic  changes  in  the  liver  of  various  degrees  are  often  found  in  the 
tropics.  In  chronic  malaria  there  is  frequently  a  hypertrophy  of  the  intralobular 
connective  tissue  with  a  deposit  of  haemosiderin  pigment  in  the  liver  cells.  The 
organ  is  usually  dark  brown  in  colour  and  if  its  cut  surface  be  first  washed  with 
water  and  a  few  drops  of  a  10  per  cent  solution  of  potassium  ferrocyanide  added 
and  allowed  to  act  for  a  few  minutes,  followed  by  the  application  of  a  5  per  cent 
solution  of  hydrochloric  acid,  the  so-called  Prussian  blue  reaction  indicative  of 
haemosiderin  is  obtained.  An  intralobular  cirrhosis  is  also  present  in  kala-azar, 
Banti’s  disease,  and  schistosomiasis. 

In  the  various  diseases  associated  with  marked  blood  changes  the  liver 
shows  some  departure  from  normal.  In  leucocythaemia  the  liver  is  enlarged  and 
pale  in  colour  and  may  give  the  test  for  haemosiderin.  In  lymphatic  leukaemia 
nodules  of  a  greyish  colour  may  be  seen.  In  pernicious  anaemia  the  liver  is 
diminished  in  size,  often  yellow  in  colour,  and  contains  haemosiderin  pigment. 
In  lymphadenoma  the  liver  may  be  studded  with  greyish  nodules  of  varying 
sizes. 

Lastly,  the  liver  should  be  examined  for  evidence  of  animal  parasites  of 
which  may  be  mentioned  the  hydatid  cysts  of  Echinococcus  granulosus,  and  the 
adults  and  ova  of  the  schistosome  worms  S.  haematobium,  S.  mansoni,  and 
S.  japonicum — the  adults  being  found  in  the  portal  veins  and  its  branches. 
Cysticercus,  ascarides,  Clonorchis  sinensis,  Opisthorchis,  and  Distoma  hepaticum 
may  be  present  in  the  bile-ducts. 

Having  examined  the  liver  the  next  organ  to  be  inspected  is  the  pancreas,  and 
to  do  this  incise  the  omentum  between  the  stomach  and  colon.  Examine  the 
organ  for  evidence  of  haemorrhages,  inflammation,  fat  necrosis,  fibrosis,  cysts, 
and  new  growth.  The  pancreatic  duct  should  also  be  opened  and  searched  for 
calculi. 

After  the  examination  of  the  pancreas  the  mesentery  and  intestines  should 
be  inspected  before  removal  and  any  enlargements  of  the  lymphatic  glands  or 
adhesions  and  punctate  haemorrhages  noted  ;  the  mesenteric  attachment  to 
the  intestine  should  then  be  divided  and  a  double  ligature  placed  at  the  lower 
end  of  the  descending  colon.  The  whole  of  the  intestine  from  the  lower  part 
of  the  duodenum  to  the  end  of  the  descending  colon  can  now  be  drawn  out  of 
the  abdominal  cavity  and  examined  by  opening  it  up  with  a  pair  of  bowel 
scissors,  cutting  through  the  walls  of  the  small  intestine  at  the  point  of  attach¬ 
ment  of  the  mesentery  and  the  large  intestine  along  the  outer  longitudinal  bands 
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of  muscle.  During  this  procedure  it  will  be  possible  to  note  the  presence  of 
any  hernial  protrusion  of  the  gut,  and  of  diverticula.  Meckel’s  diverticulum  is 
not  uncommonly  present  among  natives  and  is  found  above  the  ileo-csecal 
valve.  Agonal  intusseceptions  may  be  present  ;  they  show  no  evidence  of 
hyperaemia  or  adhesions  and  can  be  readily  evaginated.  En  passant  the  appendix 
should  be  inspected  and  any  adhesions  noted.  Any  localized  infarcts  of  the 
bowel  (appearing  as  dark  purple  areas  covered  by  a  lustreless  serous  surface) 
should  be  noted. 

Any  abnormalities  in  the  bowel  contents  should  be  observed.  Mucus  is 
often  increased  in  amount  in  inflammatory  conditions  of  the  intestinal  mucosa. 
If  haemorrhage  has  taken  place  into  the  bowel  the  contents  vary  in  colour  from 
a  reddish  brown  to  black  (melsena).  Melania  may  result  from  various  causes, 
and  in  tropical  countries  malaria  and  yellow  fever  are  possible  agents  that 
should  not  be  disregarded.  In  bacillary  dysentery  shreds  of  necrotic  mucous 
membrane  may  be  found,  and  in  cholera  the  bowel  contents  consist  of  whitish 
or  greyish  grumous  material  forming  the  so-called  rice-water  stools.  In  sprue 
the  bowel  contents  are  greyish  in  colour,  very  offensive  and  frothy  ;  in  obstruc¬ 
tive  jaundice  they  are  clay  coloured  and  offensive. 

The  mucous  surface  of  the  intestinal  tract  may  now  be  examined.  The 
practice  of  washing  the  intestinal  contents  to  expose  the  mucous  surface  is  not 
one  to  be  recommended  in  the  tropics  as  animal  parasites  may  well  be  washed 
away.  A  better  method  is  to  take  a  glass  slide  and  pass  its  longitudinal  edge 
over  the  surface,  scraping  off  the  bowel  contents  and  exposing  the  mucosa.  As 
a  routine  procedure  portions  of  the  contents  should  be  scraped  off  from  the  small 
and  large  intestine  into  sterile  Petri  dishes  and  these  can  be  examined  later 
either  for  evidence  of  intestinal  parasites  or  their  ova,  entamcebse,  and  flagellates, 
or  they  may  be  used  for  cultural  purposes  to  isolate  organisms  of  the  typhoid- 
paratyphoid.  and  dysentery  groups  or  cholera  vibrios. 

The  examination  should  commence  with  the  jejunum  (the  duodenum  having 
been  previously  examined),  recognized  by  its  prominent  valvulse  conniventes, 
following  this  down  to  the  ileum  and  cseeum.  Search  for  punctiform  haemorrhages 
in  the  jejunum,  the  favourite  habitat  of  ankylostomes,  and  for  evidence  of 
enteritis  and  ulcers  in  the  ileum.  In  tuberculous  lesions  the  ulcers  frequently 
occur  in  the  Peyer's  patches  of  the  ileum,  but  not  affecting  the  whole  patch, 
and  spread  at  right  angles  to  the  long  axis  of  the  bowel  ;  they  have  thickened 
margins  with  an  eroded  and  irregular  base.  In  shape  they  are  usually  oval,  and 
the  serous  surface  external  to  the  ulcer  shows  tuberculous  nodules  with  caseating 
lymphatic  glands  in  the  vicinity.  In  typhoid  ulceration  the  lower  Peyer’s 
patches  are  usually  involved  but  sometimes  the  lymphoid  tissue  in  both  the 
small  and  large  intestine  is  affected.  The  typical  typhoid  ulcer  has  its  long  axis 
situated  longitudinally  in  the  bowel  and  is  covered,  in  the  second  week  of  the 
disease,  with  a  dark  brown  slough  which,  when  removed,  exposes  the  over¬ 
hanging  undermined  margins  and  a  base  composed  of  the  transverse  muscular 
coat.  The  lymphatic  glands  draining  the  area  are  enlarged  and  firm,  and  on 
section  show  a  pink  mottling.  Smear  preparations  from  the  base  of  ulcers, 
whether  tuberculous  or  typhoid,  should  be  made  and  suitably  stained  to  demon¬ 
strate  the  causal  organisms  ;  in  the  case  of  typhoid  ulcers  McConkey’s  bile 
salt  broth  or  agar  should  also  be  inoculated. 

The  lower  part  of  the  small  intestine  may  show  evidence  of  a  catarrhal 
enteritis  of  varying  degrees  in  infections  caused  by  organisms  allied  to  the 
typhoid-paratyphoid  group,  in  cholera,  undulant  fever,  and  in  bacillary 
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dysentery,  sprue,  and  the  intestinal  type  of  malaria.  The  typical  lesions  of 
bacillary  dysentery  are  more  usually  found  in  areas  where  the  faeces  are 
liable  to  stagnate  as  in  the  flexures  and  the  caecum,  commencing  usually  in 
the  solitary  glands.  In  these  sites  a  swollen  hyperaemic  haemorrhagic  and 
undermined  mucosa  covered  with  a  viscid  blood-stained  mucus  or  fibrinous 
exudate  or  sloughs,  with  ulcers  surrounded  by  a  zone  of  congestion  and  inter¬ 
vening  haemorrhagic  mucosa,  is  very  suggestive  of  bacillary  dysentery  and 
attempts  should  be  made  to  isolate  and  cultivate  the  dysentery  bacillus  from 
the  lesions  (p.  593). 

The  macroscopic  lesions  of  amoebic  dysentery  may  be  very  similar  to  those 
of  the  bacillary  disease  so  that  in  certain  cases  it  is  only  possible  to  differentiate 
them  by  bacteriological  methods,  and  it  should  be  borne  in  mind  that  the  two 
diseases  may  coexist.  As  a  guide  it  may  be  stated  that  in  amoebic  dysentery 
the  ileum  is  very  rarely  affected.  The  acute  haemorrhagic  condition  and  dense 
infiltration  of  the  mucosa  so  typical  of  bacillary  dysentery  is  seldom  present 
in  amoebic  disease.  In  the  latter  smear  preparations  from  the  circumscribed 
punched  out  ulcers  and  also  histological  examinations  will  show  the  causal 
amoebae.  Enteritis  of  the  large  gut  is  sometimes  found  in  kala-azar  and 
sprue.  In  both  these  conditions  the  whole  bowel  may  be  somewhat  diaphanous 
in  appearance.  Intestinal  schistosomiasis  due  to  S.  mansoni  causes  ulcerations 
and  infiltrations  of  the  large  intestine  and  can  be  diagnosed  by  the  finding  of 
the  lateral  spined  ova  in  smear  preparations  from  the  ulcers.  The  same  parasites 
may  give  rise  to  polypoid  tumours  in  the  long  axis  of  the  colon  as  well  as  in  the 
rectum. 

Before  concluding  the  examination  of  the  abdomen,  the  lymphatic  glands 
and  trunks  and  the  main  blood  vessels  should  be  examined  for  evidence  of 
adult  schistosome  and  filarial  worms. 

The  thorax. 

To  expose  the  thorax  reflect  the  soft  tissues  from  the  line  of  the  original 
incision  and  with  a  knife  cut  through  the  sternoclavicular  joint,  continuing  the 
incision  through  the  sternocostal  cartilages.  Raise  the  sternum  and  separate 
the  attachments  of  the  diaphragm.  Open  the  pleural  sacs  and  note  the 
position  and  colour  of  the  lungs  and  whether  any  blood-stained  pleural  fluid 
is  present.  Examine  for  the  presence  of  pleural  adhesions  by  passing  the  hand 
between  the  two  pleural  surfaces,  examining  particularly  the  pleura  over  the 
base  of  the  right  lung  in  the  vicinity  of  the  right  lobe  of  the  liver  and  noting 
whether  there  is  any  evidence  of  adhesions  or  an  abscess  communicating  with 
the  liver  and  right  lung.  Any  pleural  fluid  present  should  be  removed  and  set 
aside  in  case  cultural  experiments  are  necessary.  The  pericardial  sac  may 
be  opened  by  two  incisions  at  right  angles  to  each  other ;  observe  if  any 
adhesions  are  present  and  whether  there  is  excess  of  fluid. 

The  appearance  of  the  heart  should  be  noted  and  the  various  cavities  opened 
separately  by  rotating  the  heart  from  right  to  left  and  so  exposing  the  right 
border.  The  right  ventricle  and  then  the  right  auricle  is  opened  and  subse¬ 
quently  the  left  auricle  and  ventricle.  Remove  the  heart  by  dividing  the 
attached  great  vessels.  Examine  the  different  valves  for  evidence  of  endo¬ 
carditis  ;  the  various  chambers  are  further  opened  in  order  to  examine  the 
endocardium  and  the  adjacent  muscles  ;  note  the  thickness,  consistency,  and 
colour  of  the  latter.  Pallor  of  the  chordae  muscle,  the  result  of  cloudy  swelling, 
is  not  uncommon  in  the  tropics  and  usually  results  from  toxic  conditions 
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associated  with  high  fever.  It  is  seen  associated  with  fatty  degeneration 
in  ankylostomiasis.  Pallor  is  usually  associated  with  the  severe  anaemias. 
Haemorrhages  under  the  endocardium  occur  with  leucocythaemia.  The  average 
weight  of  the  heart  is— males  9f-  to  13  ounces  (280-370  grm.),  females  9  to 
10  ounces  (250-280  grm.) — the  higher  weight  in  each  case  being  the  more 
accurate. 

To  remove  the  lungs  take  hold  of  the  upper  lobe  with  the  left  hand  and 
cut  through  the  bronchi,  the  vessels  and  the  broad  pulmonary  ligament.  The 
weight  of  the  left  lung  is  normally  about  26  ounces  (708  grm.),  and  the  right  lung 
about  28  ounces  (764  grm.).  The  outer  surface  of  the  lung  should  be  examined 
for  evidence  of  the  presence  of  an  exudate,  adhesions,  haemorrhages,  emphyse¬ 
matous  bullae,  tubercles,  congestion,  and  consolidation.  The  lungs  can  be 
opened  by  an  incision  from  the  apex  to  the  root  and  base,  opening  at  the  same 
time  the  bronchial  glands  and  noting  their  condition.  In  pneumonic  plague 
the  glands  are  swollen  and  haemorrhagic.  The  colour  of  the  lungs  and  their 
consistence  should  be  noted.  By  pressure  one  can  detect  whether  oedema  or 
congestion  is  present.  Search  for  cavities,  nodules,  and  areas  of  consolidation. 
Of  the  tropical  diseases  affecting  the  lungs  plague  holds  the  foremost  place  of 
importance.  In  this  disease  haemorrhages  into  the  lungs  and  bronchi  may  be 
present.  In  pneumonic  plague  there  is  often  a  confluent  lobular  pneumonia, 
and  multiple  foci  undergoing  necrosis  may  be  present  in  the  lower  lobes  ;  the 
exudate  present  is  rich  in  plague  bacilli.  In  sunstroke  the  lungs  are  often 
engorged  with  blood,  and  in  Rocky  Mountain  spotted  fever  congestion  is 
noted  ;  in  typhoid  the  lungs  may  show  a  certain  degree  of  congestion.  Tubercle 
of  the  lungs  is  not  uncommon  among  native  races,  and  the  lesions  differ  in  no 
way  from  the  tuberculosis  of  Western  races.  Nodules  resembling  tubercle 
nodules  (caseo-fibroid  type)  are  also  found  in  the  lungs  in  leprosy.  Actino¬ 
mycotic  nodules  are  by  no  means  rare,  consisting  for  the  most  part  of  granu¬ 
lation  tissue  containing  clumps  of  the  causal  fungus. 

Of  parasitic  diseases  paragonimiasis  may  be  responsible  for  bronchiectatic 
cavities,  pneumonia,  caseous  abscesses,  and  a  diffuse  cirrhosis,  and  the  causal 
trematode  or  its  ova  may  be  found  in  the  lesions.  In  the  right  lung  the  prob¬ 
ability  of  an  abscess  cavity  being  of  amoebic  origin  should  be  borne  in  mind. 
Hydatids  in  the  lung  have  also  been  noted.  Broncho-pneumonia  and  pneu¬ 
monia  are  often  found  as  terminal  affections  and  call  for  no  special  description. 

Complete  the  examination  by  opening  the  bronchi  and  searching  for  foreign 
bodies  or  growths. 

The  head. 

To  open  the  head  make  a  scalp  incision  from  one  mastoid  process  to  the 
other.  The  anterior  half  of  the  scalp  is  dissected  up  and  drawn  forwards 
over  the  face  till  the  line  of  reflexion  reaches  the  superior  margin  of  the  orbits. 
The  posterior  half  is  dissected  back  in  a  similar  manner,  any  injuries,  haemo¬ 
rrhages,  or  fractures  being  noted.  Open  the  calvarium  by  sawing  the  bone, 
beginning  in  front  above  the  highest  point  of  the  orbital  margins  of  the  frontal 
bone  and  passing  backwards  over  the  upper  edge  of  the  zygomatic  arch  through 
the  posterior  occipital  protuberance.  When  fractures  exist  the  bone  should 
be  sawn,*  otherwise  the  separation  of  the  bone  may  be  assisted  by  means  of  a 
hammer  and  chisel  till  the  bony  portion  can  be  removed  and  the  meninges 
exposed.  Look  for  evidence  of  extradural  hsemorrhages,  especially  in  the 
vicinity  of  the  middle  meningeal  artery  and  its  branches.  The  dura  mater  should 
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be  reflected  by  incising  it  along  the  line  of  the  opening  made  in  the  skull.  The 
brain  can  then  be  removed,  the  anterior  portion  being  raised  and  the  structures 
connecting  it  with  the  base  of  the  skull  divided.  After  removal  of  the  brain  it 
should  be  weighed  ;  its  normal  weight  with  the  cerebellum  and  pons  is  about 
50  ounces  (1,400  grm.),  in  native  tribes  it  is  often  less.  The  surface  of  the  cere¬ 
brum  should  be  examined  for  evidence  of  congestion.  The  meninges  show  a 
venous  congestion  in  sunstroke.  In  yellow  fever  the  meninges  and  the 
cerebrum  are  hyperaemic  and  stained  with  haemorrhages,  and  a  similar  appear¬ 
ance  may  be  met  with  in  plague.  In  cerebral  malaria  the  meninges  and 
brain  show  a  characteristic  appearance.  There  is  marked  congestion  due  to 
embolism  of  the  cerebral  vessels  and  the  brain  substance  has  a  peculiar  leaden 
hue.  Microscopic  examination  of  the  cerebral  vessels  shows  them  to  be  blocked 
with  malarial  pigment.  Meningeal  congestion  with  an  effusion  of  lymph  and 
turbidity  of  the  cerebro- spinal  fluid  is  also  present  in  some  cases  of  trypano¬ 
somiasis  and  examination  of  the  blood,  cerebro- spinal  fluid  and  lymphatic 
glands  will  show  the  causal  trypanosomes.  The  veins  between  the  sulci  should 
be  examined,  for  it  is  along  the  veins  that  exudates  will  be  found ;  open  the 
meninges  and  press  out  the  arachnoid  fluid.  Smear  preparations  of  the  latter 
should  be  made  and  special  culture  media  inoculated  to  identify  any  organisms 
present.  The  same  applies  if  a  purulent  meningitis  be  present.  In  cerebro¬ 
spinal  meningitis  the  exudate  is  usually  more  pronounced  at  the  base,  but  in  cer¬ 
tain  fulminant  cases  the  convexity  may  be  equally  affected.  In  pneumococcal 
meningitis  the  greenish  yellow,  thick  and  fibrinous  exudate  is  usually  found 
affecting  the  convexity  ;  and  in  pyaemia  the  convexity  is  also  a  selective  site. 
In  tuberculous  meningitis  there  may  be  little  exudate  over  the  convexity ; 
tubercles  appearing  as  minute  grey  spots  may  be  found  by  opening  the  Sylvian 
and  longitudinal  fissures  and  are  seen  also  on  the  upper  surface  of  the  cerebellum. 
Gummata  should  be  looked  for  in  cases  where  the  dura  mater  is  thickened  and 
adherent,  they  occur  as  miliary  caseating  nodules  with  a  yellow  centre  and  red 
periphery.  In  every  case  showing  a  meningitis  the  operator  should  satisfy 
himself  that  infection  has  not  resulted  from  middle  ear  disease. 

The  cerebellum  and  pons  may  now  be  separated  from  the  cerebrum  by 
dividing  the  crura  cerebri.  Then  proceed  to  cut  up  the  cerebrum  by  placing  it 
on  its  base  and  making  a  series  of  sections  parallel  to  the  base.  The  important 
lesions  to  be  looked  for  may  be  briefly  mentioned  :  (1)  haemorrhage  in  the 
vicinity  of  the  lenticular  nucleus,  due  to  rupture  of  branches  of  the  middle 
cerebral  artery,  and  haemorrhages  in  the  pons  ;  (2)  cerebral  or  cerebellar  abscess  ; 
and  (3)  cerebral  tumours.  In  the  case  of  an  abscess  smear  preparations  and 
cultures  should  be  made.  The  abscess  may  be  metastatic  in  origin  resulting 
from  middle  ear  disease,  in  which  case  it  is  usually  in  the  temporo-sphenoidal 
lobe,  or  from  septic  pneumonia,  endocarditis,  etc.,  when  streptococci  and  other 
pyogenic  organisms  are  present,  or  it  may  be  fungal  in  origin  (actinomycosis), 
or  it  may  show  entamoebae. 

Collection  of  material  for  investigation  in  medico-legal  cases,  see  p.  800. 
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CHAPTER  30 

HISTOLOGICAL  METHODS.  VACCINES. 

Synopsis:  Histological  methods:  Preparation  of  sections,  p.  615;  Staining  methods 
for  sections,  p.  617  ;  Pigments  in  the  tissues,  p.  620. 

Method  of  preparing  museum  specimens,  p.  621  ;  Preparation  of  vaccines,  p.  621  ; 
References,  p.  622. 

HISTOLOGICAL  METHODS. 

In  the  tropics  tissues  removed  at  post-mortem  examinations  or  surgical 
operations  rapidly  undergo  cellular  degeneration,  it  is  advisable,  therefore, 
as  soon  as  possible,  to  place  all  such  tissues  requiring  histological  examination 
in  some  suitable  fixative,  such  as  50  per  cent  methylated  spirit  or  5.  per  cent 
formalin. 

It  is  a  common  mistake  to  remove  portions  of  tissue  of  greater  surface  area 
and  thickness  than  are  required  for  diagnostic  purposes.  In  the  case  of  tumours 
it  is  only  necessary  to  send  :  (1)  A  portion  of  what  appears  to  be  typical  of  the 
main  growth.  (2)  A  portion  excised  at  the  junction  of  the  growth  and  normal 
tissue.  Clinical  notes  of  the  case  should  accompany  all  specimens  sent  for 
examination,  as  such  notes  may  be  of  the  greatest  help  in  the  histological  dia¬ 
gnosis  of  the  specimen.  If  specimens  require  to  be  sent  by  rail  or  any  distance 
they  should  be  cut  into  small  pieces  and  placed  in  a  bottle  containing  a  thin 
layer  of  cotton  wool  and  the  fixative,  and  the  bottle  should  be  sealed  hermetically 
with  paraffin  or  wax.  The  contents  must  be  labelled  on  the  bottle.  A  liberal 
amount  of  fixative  so  as  to  completely  cover  the  tissues  should  be  placed  in 
the  bottle. 

PREPARATION  OF  SECTIONS. 

Methods  of  fixation.  The  methods  of  fixing,  cutting,  and  staining  tissues 
are  numerous,  but  those  described  will  be  found  generally  useful  for  histological 
diagnosis  and  are  applicable  for  the  paraffin  process  of  embedding  ;  other 
processes  of  embedding  such  as  celloidin  and  gum  are  rarely  possible  in  tropical 
countries  and  will  not  be  described.1 

Fixation  of  tissues.  A.  By  alcohol.  This  is  reliable  for  the  majority  of 
tissues  and  when  exact  cellular  detail  is  not  required.  Place  the  tissue  in  50  per 
cent  alcohol  for  24  hours,  transfer  to  70  per  cent  for  24  hours,  then  to  90  per  cent 
for  24  hours,  and  absolute  alcohol  for  4  to  6  hours.  Place  in  xylol  ;  if  the  tissue 
becomes  cloudy  replace  in  fresh  absolute  alcohol  for  a  further  2  hours  till  de¬ 
hydration  is  complete.  Leave  in  xylol  for  12  to  24  hours  till  the  tissue  becomes 
transparent.  Drain  off  excess  of  xylol  and  place  in  melted  paraffin  (melting-point 
58°  to  60°  C.)  in  a  paraffin  oven  for  8  to  12  hours,  changing  the  tissue  into  fresh 
melted  paraffin  three  times  or  till  there  is  no  smell  of  xylol  left.  Melt  fresh  paraffin 
in  a  paraffin  kettle  and  place  two  metal  L- shaped  embedding  blocks  in  the  shape 
of  a  square  on  a  piece  of  plate  or  ordinary  glass.  Pour  a  little  melted  paraffin 
into  the  square  ;  remove  with  a  pair  of  heated  forceps  the  tissue  in  the  paraffin  ; 
-transfer  to  the  paraffin  in  the  blocks  ;  fill  up  the  block  with  melted  paraffin  from 
the  kettle  and  allow  to  set.  When  the  paraffin  has  set  remove  the  metal  blocks 
by  placing  the  whole  in  cold  water  and  knocking  the  edge  of  the  glass  sufficiently 
hard  to  disturb  the  position  of  the  metal  blocks. 

For  the  fixation  of  insect  material  for  histological  purposes,  see  pp.  489,  491. 
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Chloroform  may  be  used  in  the  same  manner  as  a  clearing  agent  instead  of 
xylol,  in  which  case  it  is  an  advantage  and  a  saving  of  time  if  the  paraffin 
impregnation  process  is  carried  out  in  a  vacuum,  the  chloroform  being  drawn 
out  more  rapidly  and  its  place  taken  by  melted  paraffin. 

The  entire  process  of  fixing  and  embedding  takes  about  five  to  seven  days  ; 
it  can,  however,  be  hastened  if  specially  thin  sections  of  tissue  be  employed, 
the  tissue  being  placed  in  methylated  spirit  for  one  hour,  in  absolute  alcohol 
(two  changes)  for  two  hours,  in  xylol  till  clear,  and  then  in  melted  paraffin 
changed  every  half  hour  till  no  odour  of  xylol  exists  (about  three  to  four  changes). 

Occasionally  the  paraffin  blocks  containing  tissues  are  unsatisfactory  for 
section  purposes  owing  to  their  homogeneity  being  broken  by  air  bubbles. 
To  avoid  this  it  is  better  to  prepare  the  paraffin  before  embedding  by  placing  it 
in  flat  vessels  for  a  week  or  longer  at  a  temperature  of  70°  to  80°  C.  and  repeatedly 
filtering  it  through  hard  paper,  allowing  it  to  cool  at  room  temperature  and 
then  melting  again.  This  process  makes  the  paraffin  cleaner  and  more  trans¬ 
parent.  When  blocks  containing  tissues  are  prepared  they  should  be  cooled 
from  below  upwards  over  water  kept  at  10°  to  20°  C.  This  will  allow  minute 
gas  bubbles  to  escape  upwards  leaving  the  lower  part  occupied  by  the  tissue 
quite  homogeneous. 

B.  Fixation  in  Zenker’s  fluid  or  in  Schaudinn’s  fluid  is  particularly 
desirable  for  the  study  of  protozoal  infection  (malaria,  kala-azar,  trypano¬ 
somiasis)  of  tissues. 

Zenker’s  fluid  has  the  following  composition  ;  potassium  bichromate 
2-5  grin.,  sodium  sulphate  1  grm.,  corrosive  sublimate  5  grm.,  water  to  100  c.c. 
The  corrosive  sublimate  and  the  potassium  bichromate  are  dissolved  in  the 
water  by  heating  and  glacial  acetic  acid  in  a  strength  of  5  per  cent  is  added 
prior  to  using  the  fixative. 

The  portions  of  tissue  are  fixed  in  Zenker’s  fluid  for  8  to  12  hours,  washed 
in  tap-water  for  24  hours,  placed  in  30  per  cent  and  60  per  cent  alcohol  for 
4  hours  in  each,  then  in  methylated  spirit  containing  a  few  drops  of  either  Lugol’s 
solution  or  tincture  of  iodine  for  6  hours  in  order  to  dissolve  out  the  mercury 
in  the  tissues  ;  transfer  to  absolute  alcohol  (two  changes)  for  4  hours  ;  clear 
in  xylol  and  impregnate  with  paraffin. 

Schaudinn’s  fixative  consists  of  1  part  absolute  alcohol  and  2  parts 
of  a  saturated  solution  of  mercuric  chloride  in  normal  saline.  Thin  portions 
of  tissue  are  fixed  in  this  for  6  to  12  hours,  then  in  70  per  cent  alcohol  containing 
Gram’s  iodine  (two  changes)  for  6  to  12  hours,  then  90  per  cent  alcohol  for 
12  hours  and  absolute  alcohol  for  6  to  12  hours.  Clear  in  xylol  and  impregnate 
with  paraffin. 

C.  Rapid  paraffin  method  (Ford).  Small  portions  of  tissue,  not  more 
than  0-5  cm.  thick,  are  placed  in  the  following  solution,  glacial  acetic  acid 
30  c.c.,  absolute  alcohol  300  c.c.,  chloroform  100  c.c.  Blot  the  tissue  and 
place  in  absolute  alcohol  for  10  minutes.  Place  in  pure  acetone  for  15  minutes. 
Transfer  to  pure  aniline  oil  at  60°  C.  till  quite  clear  (usually  10  to  15  minutes). 
Blot  the  tissue  and  transfer  to  three  changes  of  xylol,  1  minute  in  each  change. 
Transfer  to  the  paraffin  bath,  for  20  minutes  in  each  of  two  changes  of  paraffin. 

Decalcification  of  tissues.  This  is  necessary  before  cutting  bony  tissue. 

1.  Fix  either  in  alcohol  or  Zenker’s  fluid,  carrying  the  process  as  far  as  the 
alcohol. 

2.  Transfer  to  the  following  decalcifying  fluid  prepared  as  follows  :  to  10  c.c. 
of  nitric  acid  add  1  grm.  of  phloroglucin  and  allow  to  stand  till  the  mixture 


HISTOLOGICAL  METHODS 


617 


becomes  light  yellow  (usually  24  hours).  Add  100  c.c.  of  10  per  cent  nitric  acid 
in  water.  Keep  the  tissue  in  this  decalcifying  fluid  for  4  hours  or  longer  till 
the  bone  is  softened. 

3.  After  decalcification  remove  the  tissue  to  running  tap-water  for  24  hours. 

4.  Place  in  methylated  spirit  for  24  hours. 

5.  Then  in  absolute  alcohol  for  4  to  6  hours,  clear  with  xylol  and  impregnate 
with  paraffin. 

The  cutting  of  sections.  A  Cambridge  rocking  microtome  is  most  commonly 
used  for  the  cutting  of  sections.  The  paraffin  block  to  be  cut  should  be  pared 
down,  leaving  only  a  small  margin  of  wax  round  the  tissue,  and  the  base  of 
the  block  melted  with  a  hot  spatula  and  placed  on  the  metal  carrier  of  the 
microtome ;  adjust  so  that  the  surface  of  the  tissue  to  be  cut  is  horizontal  and 
just  touching  the  razor  blade. 

Sections  should  be  cut  as  thin  as  possible,  about  4 g  or  thinner  will  serve 
for  the  study  of  protozoa  in  tissues,  5—7 g  for  the  cytologieal  study  of  tumours. 
The  sections  when  cut  are  floated  out  by  means  of  a  spatula  and  needle  on  to 
a  bowl  containing  water  sufficiently  hot  to  flatten  out  the  wrinkles  of  a  section 
without  melting  the  paraffin. 

Fixing  the  sections  on  slides.  For  rapid  work  and  for  sections  obtained  from 
tissues  fixed  in  bichromate  solutions  sections  should  be  fixed  on  clean  slides 
smeared  with  a  thin  layer  of  filtered  diluted  egg  albumen  (1  in  10  distilled  water) 
or  an  equal  quantity  of  filtered  egg  albumen  and  glycerin  containing  a  crystal 
of  thymol.  The  slide,  with  albuminized  surface  uppermost,  is  placed  under 
a  section  floating  in  water  and  the  section  held  in  position  on  the  slide  while 
the  latter  is  withdrawn  with  the  section  adhering  to  it.  The  slide  carrying 
the  section  is  then  placed  in  the  incubator  at  37°  C.  for  1  hour,  after  which  it 
is  taken  out  ready  for  staining. 

Instead  of  using  an  albumin  fixative  the  sections  can  be  fixed  on  the  slide 
by  leaving  the  slide  with  the  section  attached  for  24  hours  in  the  incubator 
at  37°  C. 

Treating  sections  prior  to  staining.  Take  the  slide  with  the  fixed  section 
attached  and  pass  the  back  of  the  slide  once  or  twice  over  the  flame  of  a  spirit 
lamp,  taking  care  not  to  overheat  the  specimen.  While  the  slide  is  still  warm 
add  xylol  to  dissolve  the  paraffin,  completely  covering  the  section.  Drain  off 
excess  of  xylol  and  add  absolute  alcohol  for  three  minutes  to  remove  the  xylol, 
taking  care  not  to  allow  the  section  to  become  dry  during  the  procedure. 
Substitute  the  absolute  alcohol  with  50  per  cent  methylated  spirit  for  two 
minutes.  Wash  carefully  in  distilled  water  for  two  minutes  before  applying 
the  stain.  Should  the  section  become  detached  from  the  slide  at  any  period 
of  the  process  it  should  be  transferred  by  means  of  a  section  lifter  through 
the  various  intermediate  reagents  to  water  and  on  to  a  clean  slide,  and  blotted 
dry  by  means  of  filter  paper. 

STAINING  METHODS  FOR  SECTIONS. 

Hae malum  and  eosin  stain.  This  is  an  excellent  stain  for  histological 
diagnosis  of  tumours,  etc.  ;  the  haemalum  providing  an  excellent  nuclear 
stain  and  the  eosin  a  good  counterstain. 

To  prepare  the  haemalum  it  is  advisable  to  make  a  large  quantity  and  allow 
it  to  ripen  in  the  light  for  6  to  12  weeks. 

Take  haematein  (pure)  2-5  grm.  and  dissolve  in  95  c.c.  of  alcohol  (95  per  cent). 
Dissolve  ammonium  alum  125  grm.  in  distilled  water  2,000  c.e.  and  add  it  to 
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the  haematein  solution.  Finally  add  to  the  mixture  glacial  acetic  acid  30  c.c: 
and  shake  thoroughly  ;  allow  to  ripen  in  the  light.  To  prepare  the  eosin  stock 
solution,  take  eosin  10  grm.  and  dissolve  in  distilled  water  100  c.c.  For  use 
make  a  2  per  cent  solution  from  the  stock  solution. 

Method  of  staining.  Filter  the  ripe  haemalum  on  to  the  section  and  allow 
to  stain  for  3  to  4  minutes.  Wash  off  the  stain  with  tap-water  and  allow  the 
section  to  remain  in  tap-water  till  quite  blue.  Counterstain  with  2  per  cent 
watery  eosin  for  15  to  20  seconds.  Wash  in  tap- water  and  dehydrate  in  70  per 
cent  and  then  in  absolute  alcohol.  Clean  in  xylol  and  mount  in  Canada  balsam. 

Haemalum  and  Van  Giesons  stain.  This  is  also  an  excellent  stain  for  histo¬ 
logical  examinations. 

Stain  with  haemalum  for  5  minutes  and  blue  the  section  in  tap-water. 
Stain  with  Van  Gieson’s  stain  (saturated  watery  solution  picric  acid  50  c.c., 
1  per  cent  watery  solution  of  acid  fuchsin  15  c.c.,  distilled  water  50  c.c.)  for 
20  seconds  ;  wash  rapidly  in  water,  dehydrate,  clear,  and  mount. 

In  using  this  method  the  haemalum  staining  should  be  deep.  The  fibrous 
tissue  is  stained  pink,  the  elastic  tissue  yellow,  and  muscle  is  of  a  brownish 
colour. 

Leishmans  stain  for  sections.  Cover  the  section  with  Leishman’s  stain  and 
add  an  equal  amount  of  distilled  water  ;  stain  for  15  minutes.  Wash  in  distilled 
water  and  decolorize  in  1  in  1,500  acetic  acid,  carefully  observing  the  effect 
with  a  low  power  lens,  the  decolorization  proceeding  till  the  nuclei  of  the 
cells  remain  blue  and  the  connective  tissue  appears  pink.  If  the  latter  colour 
is  too  marked  add  a  weak  solution  of  alkali  (1  in  10,000  caustic  soda)  and  wash 
off  in  distilled  water.  Dehydrate  rapidly  in  absolute  alcohol,  clear  in  xylol 
and  mount. 

Gram-Weigert  method  for  sections.  A  satisfactory  stain  for  demonstrating 
bacteria  and  fungi  in  tissues. 

Stain  with  filtered  safranin  (0-5  per  cent)  for  20  seconds  or  carbol  fuchsin 
(1  in  20  distilled  water)  for  J  to  1  minute.  Wash  in  distilled  water.  Stain  in 
aniline  gentian  violet  (1  c.c.  of  filtered  5  per  cent  aniline  oil  in  water  to  10  c.c. 
of  saturated  alcoholic  solution  of  gentian  violet)  for  5  minutes.  Drain  off 
excess  and  apply  Gram’s  solution  (iodine  1  part,  potassium  iodide  2  parts, 
distilled  water  300  parts)  for  1  minute.  Dry  the  section  carefully  with  filter 
or  blotting  paper.  Decolorize  with  aniline  xylol  (aniline  oil  2  parts,  xylol 
1  part)  till  no  more  colour  comes  away.  Clear  in  xylol  and  mount  in  Canada 
balsam. 

Carbol-thionin  stain  for  sections.  A  useful  stain  for  demonstrating  organisms 
of  the  typhoid  group.  Take  thionin  5  grm.  and  50  per  cent  alcohol  100  c.c.  ; 
store  in  incubator  at  37°  C.  for  one  week.  Filter  and  keep  as  stock  solution. 
For  use  take  alcoholic  solution  of  thionin  10  c.c.,  carbolic  acid  crystals  1  grm.,. 
distilled  water  90  c.c.  Stain  the  section  for  5  minutes  and  wash  rapidly  in  water. 
Decolorize  in  methylated  spirit,  controlling  the  process  with  the  microscope 
and  stopping  as  soon  as  a  pink  colour  appears.  Dehydrate  in  absolute  alcohol 
and  clear  in  xylol. 

By  this  method  cells  and  organisms  are  stained  purple  and  fibrous  tissue  red. 

Gaducheau’s  stain  for  demonstrating  malaria  in  sections.  For  preparation 

see  p.  530. 

Stain  with  the  diluted  stain  for  25  minutes  ;  wash  well  in  distilled  water. 
If  the  section  is  too  blue  differentiate  in  1  in  1,000  hydrochloric  acid.  Dehydrate 
with  acetone,  clear  in  aniline  oil  and  xylol  and  mount  in  Canada  balsam. 
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Stain  for  demonstrating  amyloid  or  lardaceous  degeneration.  Stain  the 
section  with  0-5  per  cent  solution  of  methyl  violet  in  water  for  2  minutes.  Wash 
in  water.  Differentiate  in  2  per  cent  acetic  acid  for  1  to  2  minutes,  controlling 
the  differentiation  under  the  microscope.  Wash  free  from  acid.  Mount  in 
glycerin. 

Amyloid  is  stained  red  and  the  tissues  bluish  violet. 

Iodine  method  for  amyloid  degeneration.  This  is  useful  for  the  macroscopic 
identification  of  amyloid  in  post-mortem  examinations. 

Stain  in  Lugol's  solution  (diluted  with  three  volumes  of  water)  for  5  to  10 
minutes.  Wash  thoroughly  in  water  and  examine  in  water  glycerin.  Amyloid 
is  stained  mahogany  brown  and  the  rest  of  the  tissue  yellow. 

Method  for  demonstrating  the  iron  reaction  (heemosiderin)  in  malarial  tissues. 
The  tissues  are  best  fixed  in  alcohol  and  in  manipulating  the  sections  glass 
needles  should  be  employed. 

Treat  the  section  with  2  per  cent  watery  solution  of  potassium  ferrocyanide 
for  5  to  25  minutes.  Transfer  to  acid  alcohol  (hydrochloric  acid  1  part,  70  per 
cent  alcohol  100  parts)  for  5  to  10  minutes.  Wash  in  water.  Counterstain  in 
alum  carmine.  Wash,  dehydrate,  clear,  and  mount. 

The  iron  pigment  is  stained  blue. 

For  demonstrating  fat  in  tissues.  Very  small  and  thin  pieces  of  tissue  should 
be  placed  in  dark  bottles  containing  Fleming’s  mixture  (1  per  cent  chromic 
acid  15  c.c.,  1  per  cent  osmic  acid  4  c.c.,  and  glacial  acetic  acid  0-5  c.c.)  for 
24  hours.  Wash  in  running  water  for  24  to  48  hours  and  harden  in  increasing 
strengths  of  alcohol  ;  clear  in  chloroform  (not  xylol)  and  embed  in  paraffin. 
Sections  may  be  stained  in  safranin  and  should  be  mounted  in  glycerin  gelatin. 
By  this  method  fat  is  stained  black. 

Marchi’s  mixture  may  be  used  instead  of  Fleming’s.  It  consists  of  Muller’s 
fluid  (potassium  bichromate  2J  parts,  sodium  sulphate  1  part,  water  100  parts), 

2  parts,  and  1  per  cent  osmic  acid  1  part. 

Method  of  Busch  for  demonstrating  fat  in  tissues.  Fix  thin  portions  of 
tissue  in  two  changes  of  Busch’s  solution  (osmic  acid  1  grm..  iodate  of  soda 

3  grm.,  distilled  water  300  c.c.)  for  12  hours.  Wash  and  pass  through  graded 
alcohols.  Clear  and  embed  in  paraffin.  Cut  sections.  Dissolve  the  paraffin 
and  mount  in  Farrant’s  solution  (water,  glycerin,  arsenious  acid — saturated 
solution  (saturated  by  boiling) — equal  parts). 

Method  of  staining  plasma  cells.  Fix  the  tissues  in  absolute  alcohol. 

Mix  saturated  watery  solution  methyl  green  3  parts  and  saturated  watery 
solution  of  pyronin  1  part.  Stain  the  section  for  2  minutes  and  wash  rapidly 
with  water.  Differentiate  with  1  per  cent  resorcin  in  absolute  alcohol.  Dehy¬ 
drate  and  mount  in  neutral  Canada  balsam. 

The  plasma  cells  are  stained  bright  red  and  the  nuclei  bluish  green. 

Staining  glycogen  in  tissues  (Langhan’s  method).  Fixation  and  hardening 
of  the  tissue  should  be  carried  out  in  absolute  alcohol  as  water  dissolves  glycogen. 
By  the  following  method  glycogen  is  stained  dark  brown.  Harden  in  absolute 
alcohol  and  embed  in  paraffin.  Stain  in  Lugol’s  solution  5  to  10  minutes. 
Dehydrate  in  1  part  tincture  of  iodine  and  3  parts  absolute  alcohol.  Clear 
and  mount  in  origsnum  oil. 

Fixation  and  staining  of  nervous  tissues.  Place  small  pieces  of  the  tissue 
in  Orth’s  fluid  (40  per  cent  formaldehyde  10  c.c.,  Muller’s  fluid  100  c.c.)  prepared 
fresh.  Fix  for  3  to  12  hours  at  37°  C.  Wash  and  pass  through  alcohol,  xylol  and 
paraffin. 
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Stain  sections  for  1  minute  in  the  following  solution  :  Ehrlich’s  tri-acid 
solution  0-4  c.c.,  acid  fuchsin  solution  0-5  per  cent  32  c.c.,  water  100  c.c.  Wash 
in  water  for  2  minutes,  transfer  to  acetic  acid  (1  in  100)  for  5  to  10  seconds. 
Wash  in  water,  differentiate  and  dehydrate  in  absolute  alcohol  for  1  to  2  minutes. 
Clear  in  xylol  and  mount  in  Canada  balsam. 

PIGMENTS  IN  THE  TISSUES. 

Malarial  pigment  or  melanin  or  haemozoin  results  from  the  digestion  of  the  haemo¬ 
globin  of  the  red  cells  by  the  malarial  parasite  and  is  characteristic  of  malaria. 
It  is  found  in  the  parasites,  and  in  the  endothelial  cells  of  arterioles  and  capillaries. 
In  the  spleen  and  bone  marrow  it  is  found  also  in  the  parenchymatous  cells  of  these 
organs  and  in  the  liver  it  may  be  found  in  certain  connective  tissue  types  of  cell. 

The  pigment  therefore  is,  as  a  rule,  with  the  above  exceptions,  found  in 
the  blood  vessels  (intravascular  pigment).  In  the  late  stages  of  the  disease  it 
may  also  be  found  in  the  perivascular  lymph  spaces  and  in  lymphatic  glands. 

Character  of  the  pigment.  In  recent  infections  it  occurs  as  black  dust 
like  grains  ;  in  old-standing  infections  it  occurs  as  coarse  particles  frequently 
aggregated  into  clumps  or  blocks  and  is  of  a  greenish  black  colour.  It  is  very 
stable  and  very  rich  in  iron  but  does  not  give  the  reactions  of  inorganic  iron. 
It  is  insoluble  in  acids,  in  alcohol,  and  ether,  but  is  readily  dissolved  by  alkalis 
such  as  caustic  potash  or  ammonium  sulphide.  No  stain  is  required  to  detect 
the  pigment.  Squashed  preparations  of  the  tissues  will  demonstrate  the  pigment. 

Hsemosiderin  pigment  is  not  characteristic  of  malaria  though  it  may  be 
present  in  that  disease.  It  occurs  in  diseases  associated  with  blood  destruction, 
in  pernicious  anaemia,  black-water  fever,  ankylostomiasis.  It  occurs  not  only 
in  the  capillaries  but  also  in  the  parenchyma  cells  of  the  liver,  spleen,  kidneys, 
bone  marrow,  and  connective  tissue.  It  is  insoluble  in  both  acids  and  alkalis 
and  is  also  insoluble  in  alcohol.  It  gives  the  usual  tests  for  inorganic  iron. 

Sections  of  the  tissue  containing  this  pigment  should  be  treated  with 
ammonium  sulphide  which  turns  the  pigment  black  or,  better  still,  with  a  2J 
per  cent  of  an  aqueous  solution  of  potassium  ferrocyanide  for  5  minutes  and 
then  with  1  per  cent  solution  of  hydrochloric  acid  in  glycerin  ;  a  blue  reaction 
is  obtained  with  the  pigment.  In  carrying  out  these  tests  for  iron  it  is  obvious 
that  the  sections  should  not  be  lifted  or  touched  with  any  material  containing 
iron  such  as  needles  ;  moreover,  for  the  study  of  these  pigments  in  the  tissues, 
formalin  should  not  be  used  as  a  fixative  agent  as  it  is  liable  to  cause  black 
deposits  when  in  contact  with  haemoglobin. 

Hsemofuscin  pigment.  This  is  a  bright  yellow  pigment  which  differs  from 
malarial  pigment  in  being  insoluble  in  acids  and  alkalis ;  it  is  slightly  soluble 
in  alcohol.  Like  hsemosiderin  pigment  it  is  also  found  in  malaria  and  other 
diseases  associated  with  blood  destruction,  viz.  black-water  fever,  pernicious 
anaemia,  ankylostomiasis,  etc.  It  is  not  certain  whether  it  contains  iron  and 
it  does  not  give  the  reactions  for  organic  iron.  Some  observers  state,  however, 
that  if  the  yellow  pigment  be  old  it  gives  the  test  for  inorganic  iron. 

Other  pigments.  In  lesions  of  the  skin  in  native  tribes  the  skin  pigment 
may  be  lodged  in  areas  other  than  its  normal  site.  It  should  not  be  confused 
with  the  intravascular  pigment  of  malaria  ;  moreover,  the  action  of  alkalis 
will  show  it  to  be  less  soluble  than  melanin  and  the  same  holds  good  for  the 
pigments  deposited  in  old  blood-clots. 

In  melanotic  sarcoma  pigment  is  deposited  in  the  growths  ;  this  pigment, 
however,  is  extravascular. 
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METHOD  OF  PREPARING  MUSEUM  SPECIMENS  (Craig). 

This  method  gives  excellent  results  causing  neither  shrinkage  of  the  specimens 
nor  loss  of  colour. 

Wash  the  specimen  carefully  and  place  in  a  solution  of  formalin  200  c.c., 
potassium  nitrate  15  grm.,  potassium  acetate  30  grm.,  water  1,000  c.c.,  for  1  to 
5  days.  Transfer  to  a  saturated  solution  of  sodium  chloride  for  1  to  3  days, 
old  specimens  requiring  2  to  5  days.  Transfer  to  a  solution  of  potassium  acetate 
60  grm.,  potassium  nitrate  30  grm.,  water  1,000  c.c.  for  2  to  7  days  to  regain  its 
colour ;  old  specimens  require  longer.  Transfer  to  the  following  preservative  : 
potassium  acetate  100  grm.,  glycerin  250  c.c.,  formalin  5-10  c.c.,  water  1,000  c.c. 
The  addition  of  formalin  prevents  the  growth  of  moulds. 

PREPARATION  OF  VACCINES  (p.  636). 

In  the  preparation  of  vaccines  it  is  essential  that  all  the  media  and  apparatus 
be  sterile  ;  moreover,  in  the  tropics  it  is  advisable  once  the  emulsion  of  organisms 
is  prepared  to  avoid  opening  it  more  often  than  necessary.  The  use  of  a  mechani¬ 
cal  shaker  can  be  dispensed  with  if  the  following  technique  be  employed. 

Preparation  of  emulsion.  Take  a  tube  containing  10  c.c.  sterile  normal 
saline  and  insert  a  sterile  fine  platinum  loop  into  it  and  transfer  the  loopful  of 
saline  to  the  surface  of  the  culture  of  the  organisms  required  for  the  vaccine  ; 
draw  the  loop  gently  over  the  culture  ;  remove  the  loop  to  the  saline  tube  and 
rub  the  emulsion,  thus  obtained,  over  the  surface  of  the  glass  just  above  the 
upper  level  of  the  saline  so  as  to  obtain  a  fine  emulsion.  Then  slope  the  tube 
of  saline  solution  so  that  the  latter  flows  over  the  area  where  the  emulsifying 
process  has  occurred.  Repeat  this  procedure  several  times  using  a  fresh  loopful 
of  saline  and  culture  every  time  till  the  saline  in  the  tube  assumes  a  faint  opacity 
or  an  opacity  (which  can  be  roughly  gauged  by  experience)  as  representing 
the  approximate  number  of  organisms  per  c.c.  Flame  the  mouth  of  the  saline 
tube,  burn  the  cotton  plug  and  insert  it.  Then  to  ensure  complete  mixing 
rotate  the  tube  of  saline  emulsion  for  3  to  5  minutes  and  by  means  of  a  sterile 
pipette  remove  a  small  amount  and  place  in  a  sterile  watch  glass  for  standard¬ 
ization. 

Standardization  of  the  emulsion  (p.  643).  Take  three  watch  glasses  and 
number  them,  by  means  of  a  marked  pipette  add  to  (1)  and  (2)  4  volumes  of 
diluting  fluid  (2  drops  of  saturated  aqueous  solution  of  methylene  blue  in  10  c.c. 
sterile  distilled  water  containing  5  drops  of  formalin)  and  to  (3)  add  3  volumes  of 
diluting  fluid.  Using  the  same  pipette  add  1  volume  of  the  bacterial  emulsion 
to  (1)  and  mix  thoroughly,  this  is  now  an  emulsion  of  1  in  5.  Take  1  volume  of 
1  in  5  emulsion  and  add  to  (2)  and  mix  thoroughly,  and  so  obtain  an  emulsion 
of  1  in  25.  Take  1  volume  of  1  in  25  and  add  to  (3)  which  now  contains  a  dilution 
of  1  in  100.  Then  by  means  of  a  pipette  place  a  drop  of  the  fluid  contained  in 
either  of  the  watch  glasses  into  a  haemocytometer  slide  and  cover  with  the 
cover-slip  and  allow  to  stand  for  half  an  hour,  so  as  to  ensure  staining  of  the 
organisms,  before  counting  with  the  objective.  Count  the  stained  organisms 
present  in  100  squares,  multiply  the  average  number  of  organisms  per  square 
by  the  dilution  (according  to  the  watch  glass  used)  and  by  4,000  (representing 
•the  capacity  of  the  square)  which  gives  the  number  of  organisms  per  cubic 
millimetre  and  finally  by  1,000  to  bring  it  to  terms  of  1  c.c. 

For  most  purposes  a  dilution  of  1  in  25  is  useful  ;  in  the  case  of  gonococci 
and  allied  organisms  a  dilution  of  1  in  10  gives  the  best  results.  The  formalin 
is  useful  in  killing  the  organisms  and  arresting  their  motility. 
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Having  standardized  the  emulsion  and  adjusted  it  according  to  the  strength 
required,  by  the  addition  of  normal  saline,  it  is  then  placed  in  a  water  bath  at 
58°  C.  for  45  minutes,  removed,  allowed  to  cool  and  0-2  per  cent  lysol  added. 
The  tube  is  then  well  shaken,  and  tested  for  sterility  by  inoculating  culture 
media  which  are  to  be  incubated  aerobically  and  anaerobically.  If  these  are 
sterile  at  the  end  of  24  hours,  the  emulsion  is  well  shaken  and  then  bottled 
in  sterile  phials,  which  can  be  stored  in  the  ice-chest. 

For  the  preparation  of  typhoid,  tubercle,  and  dysentery  vaccine  (see  pp.  637, 
651). 

Dosage  of  vaccines  (pp.  646-650).  The  dosage  of  vaccines  varies  according 
to  the  organisms  employed.  The  usual  doses  are  :  5  to  50  million  for  B.  coli. 
pneumococcal,  and  streptococcal  vaccines.  For  staphylococci  200  to  500  million. 
For  typhoid  vaccine  (prophvlacticallv)  500  and  1,000  million  and  for  treatment 
100  to  200  million. 

Sensitized  vaccines  (p.  639)  are  prepared  by  treating  the  organisms  with 
their  specific  antiserum  for  2  to  3  hours,  they  are  then  centrifuged  and  the 
supernatant  fluid  is  removed.  The  sediment  is  washed  in  saline,  then  emulsified 
in  saline  and  heated  to  56°  C.  for  1  hour. 
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have  been  employed  :  (a)  Tetanus,  p.  620  ;  ( b )  Diphtheria,  p.  628  ;  (c)  Dysentery,  p.  629  ; 
( d )  Lobar  pneumonia,  p.  630;  ( e )  Cerebro-spinal  fever,  p.  631  ;  (/)  Streptococcal  septicaemia, 
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iv.  Storage,  p.  046  ;  v.  Diseases  in  which  vaccines  have  been  used,  p.  646  ;  vi.  Tuberculin, 

p.  651 . 


It  is  to  be  hoped  that  one  result  of  the  Great  War  will  be  that  the  medical 
profession,  as  a  whole,  will  realize,  in  a  way  they  have  not  hitherto  done,  that 
the  terms  4  serum  ’  and  4  vaccine  ’  are  not  synonymous,  but  that  sera  and 
vaccines  differ  essentially  in  their  constitution,  preparation,  and  mode  of  action. 

I.  SERA 

Certain  bacteria  such  as  B.  tetani,  B.  diphtherice,  and  B.  dysenterice  Shiga, 
when  grown  in  broth  elaborate  a  soluble  toxin  which  can  be  filtered  off  from  the 
bacterial  bodies.  These  toxins  are  known  as  exotoxins  and  are  true  toxins  ; 
potent  antitoxins  can  be  prepared  against  them. 

On  the  other  hand,  such  bacteria  as  V.  cholerce,  B.  typhosus,  &c.,  do  not 
elaborate  free  soluble  toxins  ;  but  when  such  bacteria  are  broken  down,  either 
in  the  animal  body  or  in  vitro,  evidence  of  production  of  toxin  is  afforded.  Such 
toxins  are  intimately  connected  with  the  protein  of  the  bacterial  bodies  and 
are  known  as  endotoxins.  So  far  it  has  not  been  possible  to  prepare  potent 
anti-endotoxins  to  such  substances. 

The  sera  in  use  prophylactically  and  therapeutically  are  either  antitoxic 
or  antibacterial,  or  both.  The  purely  antitoxic  sera  are  in  use  against  tetanus 
and  diphtheria ;  the  antibacterial  and  antitoxic  sera  against  dysentery, 
meningococcal  infections,  and  diphtheria  ;  the  antibacterial  sera  against 
the  pneumococcus,  the  streptococcus,  and  in  plague,  anthrax,  and  certain  other 
diseases. 

DEFINITION. 

It  will  be  understood,  therefore,  that  when  serum  prophylaxis  or  serum 
.therapy  is  referred  to  it  connotes  the  use  of  the  serum  of  an  animal,  usually 
the  horse,  which  has  been  highly  immunized  with  repeated  doses  of  pure  toxin 
or  of  bacterial  bodies  +  toxin.  In  the  first  instance  the  serum  is  called  antitoxin, 
in  the  second,  it  is  known  as  an  antibacterial  serum. 

The  use  of  antitoxic  sera  does  not  result  in  the  production  of  an  active 
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immunity  in  the  patient,  but  acts  by  combining  with  free  toxin  to  form  a  neutral 
and  inoffensive  substance.  Hence,  the  term  passive  immunity,  as  contrasted 
with  active  immunity  the  result  of  injection  of  doses  of  toxin  into  the  horse 
or  doses  of  a  vaccine  into  man,  either  of  which  acts  on  the  tissue  cells  of  the 
patient  and  causes  these  tissue  cells  to  elaborate  their  own  antitoxin  and 
antibacterial  substances.  This  passive  immunity,  which  results  from  the 
injection  of  a  dose  of  prepared  serum,  is  not  lasting,  but  gradually  wears  off 
and  by  the  end  of  one  month  may  have  entirely  disappeared.  In  spite  of  this 
fact,  it  is  as  a  prophylactic  that  antitetanic  serum  has  proved  of  the  greatest 
value,  several  doses  having  been  given,  at  intervals  of  a  week,  in  all  cases  of 
severe  war  wounds. 

The  action  of  the  pure  antibacterial  sera  is  not  so  well  understood,  and 
indeed,  there  is  no  doubt  that  their  use  is  only  recently  sanctioned  by  any  well- 
established  experimental  evidence.  At  the  same  time,  reports  of  cases  success¬ 
fully  treated  by  such  sera  are  numerous,  though  these  cases  lack  proper  controls 
and  definite  evidence  that  the  sera  used  had  been  produced  by  means  of  the 
identical  bacteria  concerned  in  the  infection.  In  practice  it  is  found  that  these 
antibacterial  sera  contain  agglutinins  and  immune  bodies  produced  by  the 
injection  of  specific  germs,  and  theoretically,  when  these  sera  are  injected  into 
the  blood  of  a  patient  infected  by  the  same  or  similar  organisms,  the  immune 
body  present  in  the  serum  should  unite  with  the  bacilli  which  presumably  are 
also  agglutinated  and  therefore  made  ready  for  destruction  by  the  complement 
of  the  patient’s  serum  and  by  his  phagocytic  cells.  Unfortunately,  complement 
is  just  what  is  lacking  in  the  patient  suffering  from  septicaemia.  It  has,  therefore, 
been  suggested  that  either  absolutely  fresh  immune  serum  should  be  used, 
or  immune  serum  +  fresh  normal  serum  in  order  to  provide  the  necessary  supply 
of  complement.  This  method  has  been  used  and  with  success,  but  there  is 
a  risk  attaching  to  it  in  that  the  rapid  destruction  of  many  bacteria  may  result 
in  a  sudden  liberation  of  large  quantities  of  endotoxin  with  alarming  results. 
There  are  also  practical  difficulties  in  obtaining  the  fresh  serum.  The  fact 

REMAINS,  HOWEVER,  THAT  ANTIBACTERIAL  SERA  SHOULD  BE  FRESH,  i.  e.  NOT 
MORE  THAN  THREE  MONTHS  OLD. 

It  is  probable  that  all  antibacterial  sera  which  have  been  prepared  by  the 
injection  of  bacteria  and  the  culture  fluid  in  which  they  have  grown  contain 
some  antitoxin.  These  antibacterial  sera  may  be  capable  of  neutralizing  any 
free  endotoxin  in  the  blood  or  that  produced  by  the  destruction  of  the  bacteria. 
Normal  horse  serum  contains  a  certain  amount  of  natural  immune  body, 
and  undoubtedly  has  a  marked  effect  when  injected  in  quantities  of  20  or 
30  c.c.  It  is  possible  that  much  of  the  benefit  claimed  to  result  from  anti¬ 
bacterial  sera,  is  really  due  to  the  presence  of  the  serum  as  such,  and  not  to  the 
specific  immune  bodies  it  is  supposed  to  contain.  Thus  in  certain  forms  of  severe 
septic  throat  in  which  the  Klebs-Loftler  bacillus  can  be  definitely  excluded, 
very  remarkable  improvement  results  from  the  use  of  antidiphtheritic  serum. 
This  result  might  be  compared  to  the  phenomenon  of  non-specific  vaccine 
therapy. 

To  sum  up  then,  the  use  of  the  antitoxic  sera,  both  therapeutically  and 
prophylactically,  has  been  attended  by  the  most  excellent  results  ;  but  the 
same  cannot  be  said  of  the  purely  antibacterial  sera  as  at  present  prepared. 
With  further  research  into  the  differentiation  of  bacteria,  and  with  improve¬ 
ments  in  the  preparation  of  sera  which  are  truly  antibacterial  and  anti-endo- 
toxic,  success  may  be  expected  from  their  use  in  septicsemic  conditions. 
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The  pneumococcal  sera,  as  now  prepared  against  the  various  types  of 
pneumococci,  may  be  instanced  as  evidence  of  progress  along  these  lines.  These 
sera,  when  used  in  lobar  pneumonia  resulting  from  infection  with  the  homologous 
type,  have  given  very  excellent  results  as  judged  by  a  lowering  of  the  mortality 
rate.  Similar  success  may  be  expected  from  the  study  of  other  groups  of  bacteria 
such  as  the  streptococci  and  staphylococci.  In  addition,  the  recent  work  on 
the  meningococcus  has  now  resulted  in  the  production  of  sera  of  greatly  increased 
potency.  Their  use  has  been  followed  by  a  marked  reduction  of  the  death  rate, 
this  being  due  not  only  to  production  of  sera  for  special  types  of  the  organism, 
but  also  to  the  production  of  a  serum  which  contains,  in  addition  to  agglutinins, 
an  anti-endotoxin  ;  a  statement  for  which  there  is  clear  evidence.  Further, 
agglutinins  may  be  absent  from  a  serum  of  marked  potency. 

A  good  example  of  an  antitoxic  and  antibacterial  serum  is  that  produced 
by  the  injection  of  whole  cultures  of  Shiga’s  bacillus.  This  serum  is  most 
efficacious  in  severe  toxic  eases  of  dysentery,  neutralizing  the  toxins,  so  tiding 
the  patient  over  the  acute  attack  and  preventing  damage  to  the  gut  wall  ; 
at  the  same  time,  the  serum  aids  in  the  destruction  of  the  bacilli  in  situ. 

Production  of  Sera.  Sera,  as  already  stated,  are  prepared  by  the  injection 
of  toxin  or  bacterial  substance  +  toxin  into  horses  or  other  animals.  Small 
quantities  of  antibacterial  serum  can  be  prepared  rapidly  by  the  intravenous 
injection  of  small  laboratory  animals,1  but  such  sera  are  more  useful  for  the 
purposes  of  preparing  sensitized  vaccines  than  for  the  purpose  of  treatment 
jjer  se.  It  will  be  understood  then  that  the  production  of  therapeutic  and 
prophylactic  sera,  on  a  large  scale,  requires  a  considerable  establishment  and 
equipment,  and  it  is  quite  certain  that  the  best  results  of  serum  treatment 
will  not  be  obtainable  until  such  establishments  are  available  in  the  various 
tropical  countries. 

To  prepare  the  antitoxic  sera,  such  as  those  for  use  in  cases  of  tetanus  and 
diphtheria,  small  subcutaneous  doses  of  toxin  +  antitoxin  are  first  given, 
followed  by  increasing  doses  of  toxin  alone,  over  a  period  of  some  months. 
The  animal  so  treated  is  bled  from  time  to  time,  and  the  serum  obtained  tested 
for  potency  against  a  standard  toxin.  When  a  sufficient  antitoxic  content 
has  been  demonstrated,  some  eight  to  ten  litres  of  blood,  in  the  case  of  the  horse, 
are  drawn  off,  allowed  to  clot  and  the  serum  separated,  filtered  and  bottled. 
A  small  amount  of  antiseptic  is  usually  added  to  prevent  multiplication  of  any 
contaminating  organisms  which  may  be  present. 

Before  utilizing  any  horse  for  the  preparation  of  sera,  the  toxicity  of  its 
serum  for  man  should  be  ascertained,  as  the  serum  of  different  horses  varies 
greatly  in  this  respect.  Only  young  and  healthy  horses,  free  from  glanders 
and  other  diseases,  should  be  used,  although  lameness,  splints,  and  similar 
conditions  are  of  no  concern. 

STORAGE. 

All  sera  should  be  stored  in  a  cool  dark  place,  not  necessarily  nor  even 
preferably  frozen,  but  the  temperature  of  the  fluid  should  not  exceed  45  F. 
The  keeping  properties  of  antitoxic  sera  depend  very  largely  on  the  conditions  ol 
storage.  If  stored  as  indicated  above,  such  sera  will  retain  their  lull  potency 
for  at  least  one  year  and,  thereafter,  will  lose  valency  only  very  slowly,  so  that 

1  The  sera  thus  obtained  can  be  efficiently  preserved  by  the  addition  of  03  per  cent. 
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at  the  end  of  two  years  it  is  only  necessary  to  give  about  an  additional  10  per 
cent  of  the  serum  to  obtain  the  full  unitage.  It  may  even  be  unnecessary  to 
increase  the  quantity  of  the  serum  given,  as  a  phial  which  is  stated  to  contain 
1,500  units  when  issued,  will  contain  at  the  end  of  two  years,  if  stored  under 
suitable  conditions,  roughly  the  same  number  of  units  as  indicated,  for  there 
is  invariably  at  the  time  of  issue  a  slight  excess  in  unitage  (10  per  cent)  to 
allow  for  this  loss  of  potency.  In  addition,  it  should  be  clearly  understood 
that  the  administration  of  antitoxic  serum  after  the  ‘  expiry  date  5  as  indicated 
on  the  phial  is  not  dangerous  to  the  patient.  All  that  is  necessary  under  these 
circumstances  is  to  allow  for  slight  loss  of  potency  and  to  give  an  increased 
dose,  say,  25  c.c.  instead  of  20  c.c.  But  it  must  be  repeated  that  the  keeping 
properties  of  a  serum  depend  very  largely  on  the  conditions  under  which  it  is 
stored,  for,  a  couple  of  hours  in  a  hot  sun  will  cause  greater  deterioration  than 
two  years  in  the  cold  store.  At  the  same  time,  no  change  that  is  harmful  for 
the  patient  takes  place  in  the  serum  as  the  result  of  keeping,  providing  of 
course  that  it  was  sterile  in  the  first  instance,  indeed,  fresh  horse  serum  is  more 
toxic  per  se  than  antitoxic  serum  that  has  ripened  for  some  months. 

DISEASES  FOR  WHICH  SERA  HAVE  BEEN  EMPLOYED. 

The  diseases  in  which  sera  have  been  of  most  avail  are,  prophylactically 
in  tetanus,  therapeutically  in  tetanus,  diphtheria,  dysentery  and  cerebro¬ 
spinal  fever. 

TETANUS. 

In  all  cases  of  severe  injury,  with  damage  to  the  skin,  occurring  in  tropical 
practice,  prophylactic  injections  of  tetanus  antitoxin  should  be  given ;  and  as  the 
antitoxin  is  quickly  eliminated,  at  least  four  injections  of  500  units  should  be 
administered  at  intervals  of  seven  days.  The  danger  of  anaphylaxis  with  these 
small  subcutaneous  doses  of  serum  is  negligible,  even  if  more  than  ten  days 
elapse  between  the  doses,  or  even  if  the  patient  has  received  serum  treatment  on 
a  previous  occasion.  The  value  of  tetanus  antitoxin  as  a  prophylactic  has  been 
established  beyond  all  doubt,  but  unfortunately  the  experience  of  its  use  for 
treatment  of  the  developed  disease  has  been  by  no  means  so  satisfactory.  It 
is  to  be  hoped  that  in  the  near  future  a  more  comprehensive  investigation  of 
the  strains  of  tetanus  bacilli  occurring  in  different  parts  of  the  tropics  will  be 
made,  and  that  sera  for  such  individual  strains  will  become  available.  Although 
recent  work  has  shown  that  an  antitoxin  prepared  against  the  toxin  of  one 
particular  strain  may  neutralize  the  toxins  of  others  which  are  serologically 
distinct,  yet  it  does  not  follow  that  such  a  univalent  antitoxin  will  prevent 
infection  by  heterologous  bacilli  and  subsequent  massive  intoxication.  This 
may,  in  part,  account  for  some  of  the  failures  of  serum  therapy,  but  there  are 
two  other  reasons  also,  the  first  being  that  in  a  large  proportion  of  cases  the 
serum  has  not  been  administered  until  the  toxin  had  already  united  with  the 
motor  nerve  cells  ;  now  antitoxin  can  only  neutralize  free  toxin  and  is  practically 
powerless  against  toxin  which  is  already  attached  to  the  cells,  and  is,  of  course, 
quite  powerless  in  repairing  damage  already  done  to  these  cells ;  the  second  is 
that  the  amount  of  toxin  absorbed  from  the  wound  may  be  so  great  that  the 
dosage  of  serum  given  is  quite  inadequate  to  neutralize  the  whole  of  it,  and  it  must 
be  remembered  that  a  very  small  dose  of  unneutralized  tetanus  toxin  is  sufficient 
to  produce  a  fatal  result.  It  follows,  therefore,  that  to  have  any  prospect  of 
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success  in  the  treatment  of  acute  tetanus,  serum  must  be  given  early  and  in 
large  quantities — at  least  50,000  to  100,000  U.S.A.  units.  (U.S.A.  unit  =  ten 
times  the  least  quantity  of  antitetanic  serum  necessary  to  save  the  life  of 
a  guinea-pig,  weighing  350  grm.,  for  96  hours,  against  the  official  test  dose  of 
a  standard  toxin  furnished  by  the  Headquarter  Laboratory  of  the  Marine 
Hospital  Service.  Test  dose  =  100  minimal  lethal  doses.)  Hence,  the  tremen¬ 
dous  advantage  of  prophylactic  treatment  for  all  dirty  wounds,  both  serum 
and  surgical  measures  being  employed.  The  latter  consist  of  free  excision  of 
the  devitalized  tissues  in  order  to  prevent  bacterial  invasion,  a  procedure  which 
must  be  carried  out  within  twelve  hours  of  infliction  of  the  wound. 

The  importance  of  surgical  prophylaxis  lies  in  the  fact  that  the  anaerobic 
spore-bearing  bacilli  such  as  tetanus  will  not  grow  freely  except  in  damaged 
tissues.  This  damage,  if  due  to  mechanical  injury,  may  be  direct,  as  in  a  shell 
wound,  or  indirect,  when  it  may  act  by  cutting  off  the  blood  supply.  Thus, 
during  the  war  some  of  the  most  rapidly  fatal  cases  of  tetanus  resulted  from 
infection  of  the  gangrenous  tissue  in  the  condition  known  as  4  trench  foot  ’. 

Another  factor  that  favours  the  growth  of  tetanus  bacilli  is  the  presence  of 
secondary  bacteria,  such  as  the  pyogenic  cocci,  and  French  observers  state 
that  one  of  the  most  fatal  combinations  is  B.  tetani  with  B.  coli.  At  the  same 
time  it  should  be  remembered  that  although  B.  tetani  may  not  multiply  in  a 
sterile  wound,  the  spores  of  this  bacillus  may  remain  alive  embedded  in  healthy 
tissue  for  months  or  years,  and  when  the  surrounding  tissue — or  even  a  remote 
focus — is  damaged  may  commence  to  multiply,  forming  toxins  and  producing 
the  clinical  symptoms  of  disease. 

The  Early  Manifestations  of  Tetanus.  As  regards  the  early  diagnosis  of 
tetanus,  trismus  or  a  locked  jaw  is  not  as  a  rule  an  early  symptom,  and  in 
persons  who  have  received  prophylactic  inoculations,  trismus  may  never 
appear  at  all  or  only  very  late  in  the  disease. 

Local  spastic  rigidity  of  the  wounded  limb,  which  should  always  be  looked 
for,  may  persist  for  months  as  localized  tetanus  or  may  develop  into  the 
generalized  condition.  This  spasticity  of  the  muscles  in  the  neighbourhood 
of  the  wound  is  accompanied  by  increased  reflex  excitability  and  the  patient 
may  complain  of  jerking  or  jumping  or  stiffness  of  the  limb,  especially  at  night, 
for  some  days  before  other  symptoms  referable  to  nerves  at  a  distance  appear. 
These  early  symptoms  arising  in  a  person  with  an  infected  wound,  should  be 
the  signal  for  immediate  and  energetic  treatment  with  antitoxin. 

Toxin  is  liberated  in  the  wound,  and  in  the  first  instance  travels  up  the 
nerves  which  supply  the  injured  part,  later  toxin  may  be  absorbed  by  the 
blood  and  other  nerves  may  be  affected,  as  evidenced  by  trismus,  facial  paralysis, 
strabismus,  etc.  The  pharyngeal  muscles  may  be  early  affected  causing  com¬ 
plaint  of  sore  throat  and  difficulty  in  swallowing  ;  similarly  reflex  yawning, 
stiff  neck,  and  stitch  in  the  side  are  all  evidence  of  spasm  of  muscles.  There 
may  also  be  exaggeration  of  the  deep  reflexes  and  a  general  increase  of  muscular 
tone  causing  a  drawn  expression  of  the  face,  also  irritability  and  insomnia. 
The  earlier  treatment  is  commenced  the  greater  the  prospect  of  success,  for 
when  the  symptoms  are  still  localized  in  the  neighbourhood  of  the  wound  5,000 
units  of  antitoxin  will  be  of  more  avail  than  50,000  when  symptoms  are  general. 

Methods  of  Administration  of  Antitetanic  Serum.  (a)  Subcutaneous. 
Absorption  is  slow,  48  hours  must  elapse  before  the  full  benefit  of  a  dose  is 
obtained.  It  is,  therefore,  a  useful  route  for  prophylactic  purposes,  and  in  the 
later  stages  of  treatment  for  a  case  which  is  recovering,  (b)  Intramuscular. 
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Absorption  here  is  more  rapid  than  by  the  subcutaneous  method,  but  it  takes 
at  least  12  hours  before  the  full  benefit  of  the  dose  is  obtained,  (c)  Intravenous. 
A  rapid  method  which  neutralizes  any  toxin  free  in  the  blood,  but  it  is  the 
route  most  likely  to  result  in  anaphylaxis.  As  tetanus  toxin  at  first  passes  up 
the  nerves  and  not  into  the  blood  stream,  this  method  is  at  a  disadvantage  as 
compared  to  the  following,  (cl)  Intrathecal.  By  means  of  lumbar  puncture 
the  serum  is  introduced  into  the  subarachnoid  space.  This  method,  theoreti¬ 
cally,  experimentally,  and  practically  has  proved  to  be  the  most  efficacious 
in  the  treatment  of  acute  tetanus.  A  general  anaesthetic  should  be  given  and 
not  more  than  20  c.c.  of  high  potency  serum,  which  must  be  injected  slowly 
after  the  withdrawal  of  a  like  amount  of  cerebrospinal  fluid,  should  be  inserted. 

The  British  War  Office  Tetanus  Committee,  after  consideration  of  all  the 
evidence  available,  are  of  opinion  that  in  acute  general  tetanus,  the  best  method 
of  treatment  lies  in  the  earliest  possible  administration  of  a  large  dose  (16,000 
units  in  18  to  20  c.c.  serum)  of  antitoxic  serum  by  the  intrathecal  route,  and 
that  this  dose  should  be  repeated  on  the  following  day  in  combination  with 
subcutaneous  and  intramuscular  injections  which  are  to  be  repeated  further 
without  additional  intrathecal  dosage. 

In  local  tetanus — which  we  have  become  familiar  with  during  the  Great  War 
as  the  result  of  prophylactic  injections — 5,000  to  6,000  units  injected  subcu¬ 
taneously  or  intramuscularly  on  alternate  days,  is  found  to  be  a  satisfactory 
dosage.  If  there  are  signs  that  the  intoxication  is  spreading  to  higher  centres, 
16,000  units  should  be  given  at  once  by  the  intrathecal  route. 

System  of  Unit  Dosage  in  Early  Acute  Tetanus. 


Day  of  disease. 

Subcutaneously . 

Intramuscularly . 

Intrathecally 

1 

— 

8,000 

16,000 

2 

— 

8,000 

16,000 

3 

— 

4,000 

— 

4 

— 

4,000 

— 

5 

2,000 

— 

— 

7 

2,000 

- — - 

— 

9 

2,000 

— 

— 

DIPHTHERIA. 

In  this  disease  as  in  tetanus  success  lies  in  early  diagnosis  and  immediate 
administration  of  a  sufficient  dose  of  potent  serum.  If  the  case  is  seen  on  the 
first  or  second  day  of  illness  a  single  dose  of  4,000  units  intramuscularly  or 
subcutaneously  should  suffice;  it  is  only  cases  which  are  not  seen  until  the 
fourth  or  fifth  day  and  are  then  markedly  toxic,  that  require  a  dose  of  20,000 
to  40,000  units  by  the  intravenous  route. 

System  of  Dosage  of  Diphtheria  Antitoxin  as  Recommended  by  the  Health 
Department  of  New  York  City. 


Dosage  in  Units  of  Diphtheria  Antitoxin  :  Single  Doses  only. 


Nature 
of  case. 


Mild 


Infant  under 
2  years  of  age. 

2,000  to  3,000 


Moderate  .  3,000  to  5,000 

Severe  .  5,000  to  10,000 


Malignant  10,000 


Child  under 
15  years  of  age. 
3,000  to  4,000 

4,000  to  10,000 

10,000  to  15,000 

10,000  to  20,000 


Adult. 

3,000  to  5,000 
5,000  to  10,000 
10,000  to  20,000 

15,000  to  40,000 


Method  of 
administration . 

Subcutaneous  or  intra¬ 
muscular 

Intramuscular  or  sub 
taneous 

Intramuscular  or  half 
intravenous  and  half 
intramuscular 

Half  intravenous  and 
half  intramuscular 
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Prophylactic  injection  of  antidiphtheritic  scrum  is  not  now  used  on  a  large 
scale,  but  when  employed  in  conjunction  with  the  Schick  test,  is  a  scientific 
procedure  and  of  the  utmost  value. 

The  Schick  Test  is  carried  out  by  means  of  a  standard  toxin,  a  minute  dose 
of  which  is  injected  intradermally  not  subcutaneously.  A  positive  reaction  is 
given  by  persons,  who  may  otherwise  appear  in  perfect  health,  in  whose  blood 
there  is  not  sufficient  antitoxin  to  neutralize  this  dose  of  toxin  ;  in  those  who 
have  a  sufficiency  of  antitoxin  there  is  no  such  reaction.  A  positive  reaction 
is  shown  by  the  appearance  of  a  small  area  of  redness  and  oedema  at  the  site 
of  injection  after  24  to  48  hours.  A  pseudo-reaction  may  appear  within  the 
first  24  hours  but  is  never  so  marked  as  is  the  true  positive  reaction  ;  the  latter 
becomes  fully  developed  in  48  hours  whereas  the  pseudo-reaction  fades  after 
24  hours.  The  true  reaction  remains  apparent  for  at  least  a  week  and  in  fading 
shows  superficial  desquamation  and  a  persistent  brownish  pigmentation.  A 
positive  reaction  is  said  to  show  that  there  is  present  less  than  a  of  a  unit  of 
antitoxin  per  c.c.  of  blood.  In  the  presence  of  an  epidemic  of  diphtheria,  persons 
giving  a  positive  reaction  should  receive  a  prophylactic  dose  (500  to  1,000  units) 
of  diphtheria  antitoxin,  while  those  giving  a  negative  reaction  need  no  such 
protection. 

The  amount  of  toxin  necessary  to  carry  out  the  test  must  be  determined 
in  the  laboratory  and  is,  as  a  rule,  a  of  the  minimal  lethal  dose  for  a  guinea- 
pig  of  250  grm.  It  is  supplied  in  convenient  form  diluted  with  carbolized 
saline.  Injection,  as  noted  already,  must  be  intradermal  not  subcutaneous, 
and  should  be  made  with  a  small  well  graduated  syringe  and  fine  needle.  Not 
more  than  0T  c.c.  of  fluid  should  be  used,  and  if  the  injection  is  carried  out 
gradually  a  small  wheal  should  appear  immediately  at  the  site  of  injection. 

DYSENTERY. 

This  serum  should  be  antitoxic  and  antibacterial,  and  is  produced  from  the 
horse  by  the  injection,  intravenously,  of  graduated  doses  of  cultures  of  the 
various  bacilli,  preceded,  as  in  the  preparation  of  tetanus  and  diphtheria  sera, 
by  a  dose  of  antitoxin. 

Wherever  bacillary  dysentery  is  prevalent  potent  sera,  prepared  from  the 
types  of  bacilli  producing  the  disease  in  the  district,  should  be  at  hand  and 
should  invariably  be  used  at  the  very  earliest  opportunity  in  all  severe  cases. 
It  must  be  pointed  out,  however,  that  serum  therapy  has  no  place  in  the 
treatment  of  amoebic  dysentery  nor,  incidentally,  has  emetin  in  the  treatment 
of  the  bacillary  variety.  Nor  again  is  a  serum  prepared  against  Shiga’s  bacillus 
of  much  avail  against  severe  infections  by  members  of  the  mannite  fermenting 
group  or  vice  versa.  In  every  country  a  very  careful  investigation  of  the 
infecting  types  of  dysentery  bacilli  should  be  carried  out  and  a  monovalent 
serum  for  each  type  prepared ;  at  the  same  time  a  polyvalent  serum 
should  be  kept  ready  for  use  before  a  definite  bacteriological  diagnosis  has 
been  made  or  when  such  is  impossible.  For  this  purpose  a  great  multiplicity 
of  bacterial  strains  is  unnecessary.  It  will  probably  be  found  that  one  or  two 
strains  of  Shiga’s  bacillus  together  with  three  or  four  of  the  mannite  fermenting 
group  will  cover  all  the  severe  genuine  dysenteric  infections.  If  such  sera  are 
at  hand  and  are  used  as  early  as  possible  in  the  disease,  there  should  be  a  very 
marked  fall  in  the  mortality  rate  and  much  chronic  invalidism  would  be 
prevented. 

Dose  of  antidysenteric  serum.  50  to  GO  c.c.  for  adults,  20  to  50  c.c.  for 
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children,  in  a  like  amount  of  warm  saline  solution,  should  be  injected  very 
slowly  by  the  intravenous  route,  coupled  with  the  oral  administration  of 
drachm  doses  of  salts.  This  dose  of  serum  should  be  repeated  on  the  following 
day,  and  in  very  toxic  cases  the  original  amount  should  be  increased  to  80  or 
100  c.c.,  but  even  smaller  doses  of  serum,  if  prepared  by  means  of  the  infecting 
bacillus,  will  have  a  dramatic  effect.  There  is,  up  to  the  present,  no  definite 
method  of  standardizing  dysentery  sera  as  diphtheria  and  tetanus  antitoxins  are 
standardized,  therefore,  the  dose  can  only  be  stated  in  c.c.  and  not  in  units. 

ANTIBACTERIAL  SERA. 

Although  the  use  of  the  purely  antibacterial  sera  has  not,  so  far,  been 
attended  with  the  success  that  has  followed  the  use  of  the  antitoxins,  yet,  as 
the  result  of  recent  research,  improvements  have  been  instituted  which  should 
eventuate  in  the  production  of  potent  sera  of  this  nature.  This  is  especially  true 
with  regard  to  sera  for  the  treatment  of  pneumonia  and  cerebrospinal  fever. 

LOBAR  PNEUMONIA. 

• 

Investigation  has  shown  that  this  disease  may  be  caused  by  a  variety  of  cocci 
which  can  be  separated  as  three  definite  and  distinct  serological  types  :  I,  II, 
and  III.  In  America  No.  I  is  the  most  common  and  is  also  very  virulent,  but 
it  has  been  found  that  cases  of  pneumonia  due  to  type  I  coccus  can  be  successfully 
treated  by  the  homologous  serum.  Sera  prepared  for  types  II  and  III  on  the 
other  hand,  have  so  far  proved  of  little  use  for  treatment  of  infections  by  their 
own  types.  It  is  suggested  that  as  type  I  infections  are  the  most  common  and 
show  a  high  mortality  rate,  a  dose  of  type  I  serum  should  be  given  as  soon 
as  a  diagnosis  of  pneumococcal  lobar  pneumonia  has  been  made,  to  be  followed 
when  a  bacteriological  diagnosis  has  been  completed,  by  further  doses  of  the 
same  serum  if  I  is  found  to  be  the  infecting  type.  If  the  infection  is  found  to 
be  due  to  types  II  or  III,  serum  treatment  may  be  discontinued.  Here  again, 
it  will  be  necessary  to  work  out  local  types  in  the  various  tropical  countries 
and  to  prepare  sera  against  such  cocci  as  are  found. 

Table  showing  incidence  and  mortality  in  cases  due  to  the  various  types 
of  pneumocococci  in  America. 


Type  of 
Pneumo- 

No.  o] 

Incidence. 

f 

No.  of 

Mortality. 

Per  cent 

coccus. 

cases. 

Per  cent. 

cases. 

Died. 

died. 

Group  I  . 

195 

36 

123 

31 

25-2 

„  II 

155 

29 

107 

30 

28 

„  III 

45 

8-4 

37 

21 

56 

„  iv 

139 

26 

133 

22 

14 

Total  . 

534 

400 

104 

26 

Note. — In  Group  IV  are  included  all  true  pneumococci  which  do  not 

conform  to  Types  I,  II,  or  III. 

In  order  to  differentiate  the  various  types  of  pneumococci  it  is  necessary  to 
have  at  hand  specific  agglutinating  sera  for  each  type  (p.  601).  A  rapid  method 
of  typing  is  as  follows  :  select  carefully  a  piece  of  sputum,  the  size  of  a  bean  and 
which  has  not  been  contaminated  by  saliva.  Wash  thoroughly  in  three  changes 
of  normal  saline.  Then  place  the  piece  of  sputum  in  a  centrifuge  tube  containing 
6  c.c.  (0-2  per  cent)  glucose  broth  with  a  few  drops  of  fresh  blood,  thoroughly 
break  up  the  lump  of  sputum  with  a  sterile  stick  or  wire.  Incubate  at  37°  C. 
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for  six  hours,  remove  and  centrifuge  ;  to  0-5  c.c.  of  the  clear  supernatant  fluid 
add  0*5  c.c.  of  each  specific  serum  in  turn.  A  precipitate  takes  place  with  the 
homologous  serum  if  the  growth  has  been  successful. 

Method  of  preparation  of  high  potency  type  I  pneumococcus  serum.  Anti¬ 
pneumococcus  serum  is  obtained  from  horses  by  the  intravenous  inoculation 
of  these  animals  with  at  first,  heat-killed,  and  later,  living  virulent  pneumococci, 
type  I.  The  heat-killed  pneumococci  suspended  in  salt  solution  are  injected 
every  day  for  six  days,  then  an  interval  of  seven  days  is  allowed,  after  which 
the  six  day  course  of  inoculations  is  again  started.  When  the  antibody  content 
of  the  serum  reaches  a  certain  point,  three  day  courses  of  living  pneumococci 
are  given  with  seven  day  intervals  between  each  course.  This  is  continued 
till  a  potent  antiserum  is  produced.  The  heat-killed  bacterial  sediment  from 
about  50  to  100  c.c.  of  a  16-hour  broth  culture  is  used  for  the  first  courses.  When 
later  the  living  pneumococci  are  given  on  three  successive  days,  the  bacterial 
sediment  from  30  to  300  c.c.  of  a  16-hour  broth  culture  is  used  ;  the  dose 
increasing  as  the  immunization  progresses.  In  this  way  a  potent  serum  for 
type  I.  pneumococcus  may  be  produced  in  seven  weeks  from  the  first  dose. 

The  standard  of  potency  for  such  a  serum  is  that  1  c.c.  should  protect  white 
mice  against  intraperitoneal  infection  with  0T  c.c.  of  a  virulent  16-liour  broth 
culture  of  pneumococcus  type  I. 

Dosage.  80  c.c.  of  the  serum,  diluted  with  80  c.c.  of  warm  normal  saline, 
should  be  slowly  injected  intravenously  and  the  same  dose  repeated  12  hours 
later. 

CEREBROSPINAL  FEVER. 

A  like  result  has  been  arrived  at  in  this  disease  and  the  meningococci  have 
been  divided  into  four  serologically  distinct  types.  Sera  prepared  against 
these  types,  which  are  apparently  world-wide  in  their  distribution  and  identity, 
should  be  available  ;  so  far  the  best  results  have  been  obtained  with  sera 
prepared  against  types  I  and  III.  Type  II  sera  have  not  given  such  good  results 
and  further  research  is  required,  with  a  view  to  the  production  of  a  more 
potent  serum.  These  sera  are  prepared  from  horses  by  the  intravenous  injection 
of  living  cultures  of  meningococci. 

Dosage.  Spinal  puncture  having  been  performed  under  a  general  anaesthetic 
and  cerebrospinal  fluid  having  been  allowed  to  escape,  20  to  30  c.c.  of  a  poly¬ 
valent  serum  should  be  given  intrathecally,  followed,  as  soon  as  a  definite 
diagnosis  of  the  infecting  type  has  been  made,  by  similar  doses  of  the  homologous 
serum.  The  amount  of  serum  given  should  always  be  slightly  less  than  the 
amount  of  fluid  drawn  off.  The  intrathecal  injections  must  be  repeated  daily 
for  four  or  five  consecutive  days  and  should  be  continued,  in  doses  of  10  to 
20  e.c.,  for  as  long  as  cocci  are  present  in  the  fluid  withdrawn  and  while  symptoms 
persist.  A  general  ansesthetic  is  required  for  each  injection  and  increases  the 
flow  of  fluid  withdrawn.  If  the  case  is  seen  early,  a  single  initial  intravenous 
dose  of  60  c.c.  of  serum  may  also  be  given. 

STREPTOCOCCAL  SEPTICAEMIA. 

Reports  have  been  received  of  the  successful  treatment  of  cases  by  means 
of  small  doses  of  streptococcus  serum  ;  it  is  probable,  however,  that  much  of 
the  success  is  the  result  of  the  presence  of  foreign  protein  rather  than  of  specific 
antibodies  in  the  serum.  With  further  work  along  the  lines  followed  in  regard 
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to  pneumococci  and  meningococci,  improvements  in  this  form  of  therapy 
should  follow,  though  it  must  be  remembered  that  streptococci  are  not  good 
antigens,  the  same  remark  applies  to  Staphylococci,  B.  influenza e,  and  B.  pestis. 

OTHER  SERA. 

Another  serum  that  has  been  used  with  success  is  Sclavo’s  anti-anthrax 
serum  for  the  treatment  of  malignant  pustule.  This  serum  is  prepared  at  the 
Serum  Institute,  Genoa,  and  is  issued  in  phials  containing  10  c.c.  with  full 
instructions  as  to  use.  The  serum  is  usually  given  subcutaneously. 

The  serum  of  convalescent  patients  has  been  employed  in  the  treatment 
of  the  respective  diseases.  For  example,  in  scarlet  fever  ;  the  blood  should 
be  drawn  off  from  persons,  who  are  otherwise  healthy,  during  the  third  and 
fourth  week  of  convalescence,  and  allowed  to  clot.  In  early  toxic  cases  20 
or  30  c.c.  of  the  clear  serum  so  obtained,  diluted  with  the  same  amount  of  warm 
saline,  is  slowly  injected  intravenously.  Citratcd  whole  blood  has  also  been 
used,  the  injection  being  made  intramuscularly.  100  c.c.  may  thus  be  injected. 
In  about  six  hours  a  fall  of  temperature  and  improvement  in  the  general 
condition  should  follow. 

Other  diseases  in  which  this  method  of  serum  therapy  has  been  employed 
are  measles,  influenza,  trench  fever,  cerebrospinal  fever,  typhoid  fever,  etc. 
Pooled  sera,  of  convalescents,  has  also  been  used  in  typhus  fever. 

Auto-serum  treatment.  Some  observers  have  reported  success  in  the 
treatment  of  acute  infectious  diseases  such  as  typhoid,  influenza,  and  undulant 
fever  by  means  of  intravenous  injections  of  5  to  10  c.c.  of  the  patients’  own 
serum  :  50  c.c.  venous  blood  is  drawn  off,  allowed  to  clot  and  10  c.c.  of  clear 
serum  injected,  on  the  following  day,  into  the  patient  from  whom  the  blood 
was  withdrawn.  It  is  possible  that  improvements  resulting  from  this  form  of 
treatment  may  be  due  to  the  breaking  down  of  blood  cells  after  withdrawal 
and  the  setting  free  of  antibodies  into  the  serum  which  are  not  present  in  the 
circulating  blood. 

Normal  serum  for  treatment  of  haemorrhage.  Defib rinated  human  blood, 

human  serum  or  normal  horse  serum,  have  been  employed  with  success  in  checking 
haemorrhage.  Doses  of  the  serum,  from  10  to  20  c.c.  for  children  and  from 
20  to  50  c.c.  for  adnlts,  should  be  given  intravenously  or  subcutaneously  in 
cases  of  internal  haemorrhage,  or  if  defib  rinated  blood  is  used  the  injections 
are  given  subcutaneously  or  intramuscularly.  It  is  essential  that  the  serum 
should  be  fresh. 

A  convenient  product  for  use  in  cases  of  haemorrhage  is  the  dried  powder 
derived  from  normal  horse  serum.  This  is  a  sterile  soluble  anhydrous  powder 
containing  the  fibrin  ferment  necessary  for  clotting  the  blood.  It  is  readily 
soluble  in  cold  water  at  concentrations  two  or  three  times  that  of  the  original 
serum  and  it  possesses  over  fluid  blood  serum  the  great  advantage  of  retaining 
its  active  principles  unimpaired  for  long  periods  of  time. 

As  this  product  is  derived  from  horse  serum  the  risk  of  using  a  serum 
which  might  coagulate1  the  corpuscles  of  the  patient  is  obviated.  (Coagulose, 
prepared  by  Messrs.  Parke  Davis  &  Co.,  is  a  product  of  this  nature.) 

ANAPHYLAXIS. 

The  only  contra-indication  to  the  use  of  sera  lies  in  the  danger  inherent  in  the 
serum  per  se  and  not  in  any  risk  due  to  the  presence  of  contained  antibodies. 

1  See  chapter  on  Transfusion  of  Blood,  p.  G54. 
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If  a  minute  dose  of  normal  horse  serum  (0-01  c.c.)  be  administered  intra- 
peritoneally  to  a  guinea-pig,  and  ten  to  twelve  days  later  a  second  and  larger 
dose  (1  c.c.)  be  given  by  the  same  route,  respiratory  trouble,  convulsions,  and 
death  may  result  within  a  few  minutes.  This  phenomenon  is  known  as  anaphy¬ 
laxis  or  hypersensitiveness  to  the  protein  of  horse  serum.  It  has  been  shown 
that  the  toxic  substance  produced  after  the  second  dose  acts  on  the  unstriped 
muscle  fibre  of  the  bronchi  of  the  guinea-pig  and  not  on  the  respiratory  centre. 
Fortunately,  it  has  been  clearly  proved  that  owing  to  the  peculiar  anatomy  of 
the  guinea-pig  lung  this  animal  is  particularly  susceptible  to  anaphylactic 
shock,  whereas  man  is  relatively  insusceptible.  There  are,  however,  a  few 
rare  individuals  who  are  naturally  susceptible  to  this  form  of  shock  and  such 
individuals  should  not  be  treated  with  horse  serum  intravenously  in  large 
doses. 

Detection  of  persons  susceptible  to  anaphylaxis.  These  people  may  be 
detected  by  the  fact  that  they  suffer  from  asthmatic  attacks  and  that  these 
attacks  may  be  precipitated  by  entering  a  stable.  Such  people  may  also  be 
detected  by  the  following  procedure  :  gently  clean  a  portion  of  the  upper  arm 
with  soap  and  warm  water  ;  with  a  small  syringe  and  fine  needle  about  0  02  e.c. 
of  horse  serum  (normal  or  immune)  diluted  1  to  10  with  salt  solution  is  injected 
intradermally  so  that  a  small  white  wheal,  3  mm.  in  diameter,  results.  The 
injection  of  a  similar  quantity  of  salt  solution  is  made  in  the  same  manner  about 
an  inch  or  two  distant  as  a  control.  The  wheal  produced  by  the  salt  solution 
usually  disappears  within  a  few  minutes.  If  the  patient  is  not  hypersensitive 
to  horse  serum,  the  other  wheal  disappears  almost  as  rapidly.  On  the  other 
hand,  if  the  patient  is  hypersensitive  to  horse  serum,  an  urticarial  wheal  develops 
at  the  site  of  the  serum  injection  usually  within  15  minutes  and  is  surrounded 
by  an  area  of  erythema.  The  wheal  reaches  a  maximum  development  in  about 
an  hour  and  disappears  after  a  few  hours.  Such  precautionary  measures  are 
unnecessary  when  it  is  merely  proposed  to  give  2  or  3  e.c.  of  serum  subcutane¬ 
ously,  although  quite  possibly  a  rash  may  follow  the  administration  of  even 
these  small  doses.  During  the  war  many  million  doses  (over  10  million  doses  of 
tetanus  antitoxin,  500  units  each,  were  issueel  from  the  Vaccine  Department 
of  the  British  Army)  of  serum  have  been  given  in  the  ordinary  course  of  prophy¬ 
laxis,  some  men  receiving  three  or  more  doses  at  varying  intervals  of  time, 
and  cases  of  anaphylaxis  have  been  conspicuous  by  their  absence.  At  the 
same  time,  it  would  be  asking  for  trouble  to  give  to  one  and  the  same  patient 
an  intravenous  injection  of  10  c.e.  of  serum  and  then  a  month  later  without 
any  precautions,  to  give  100  c.c.  or  more  by  the  same  route. 

Precautionary  measures.  If  in  the  treatment  of  such  diseases  as  dysentery, 
pneumonia,  or  cerebrospinal  fever,  it  is  found  necessary  to  give  large  intravenous 
doses  of  serum,  the  following  precautions  should  be  observed.  Before  injecting 
the  serum  give  atropin  sulphate  to  gr.  (0-0006  to  0-0013  grm.)  subcu¬ 
taneously  ;  or  an  attempt  may  be  made  to  desensitize  the  patient  as  follows  : 
5  c.c.  of  serum  is  diluted  in  50  c.c.  of  normal  saline  solution  and  1  c.c.  is  injected 
intravenously  ;  then  4  c.c.  four  minutes  later  ;  10  c.e.  two  minutes  later  ; 

25  e.e.  two  minutes  later  ;  followed  half  an  hour  later  by  the  full  dose,  warm 
and  given  very  slowly,  and  in  addition  8  minims  (0-5  c.c.),  of  adrenalin  solution 
1  in  1,000,  is  injected  subcutaneously. 

Richet  has  recently  shown  experimentally  that  anaphylactic  shock  can  be 
entirely  obviated  if  the  ‘  assaulting  ’  dose  of  serum  be  diluted  with  nine  times 
its  volume  of  isotonic  salt  solution. 
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He  has  also  shown  that  any  less  quantity  of  saline  solution  does  not  prevent 
the  occurrence  of  shock. 

This  method  of  administration  of  serum  would  be  well  adapted  for  the 
intravenous  treatment  of  severe  cases  of  bacillary  dysentery  ;  50  c.c.  of  serum 
diluted  with  450  c.c.  of  warm  isotonic  salt  solution  being  slowly  injected  morning 
and  evening  as  early  as  possible  in  the  course  of  the  disease. 

Much  discussion  has  taken  place  with  regard  to  the  mechanism  of  anaphy¬ 
laxis.  It  is  now  generally  agreed  that  this  state  of  hypersensitiveness  is  on 
a  par  with  an  immunity  reaction  and  is  a  stage  in  the  process  of  immunization. 
The  actual  symptoms  are  due  to  the  production  of  a  toxin,  the  so-called  anaphyla- 
toxin,  which  is  a  protein  poison  and  is  composed  of  protein  cleavage  products. 
The  exact  source  of  this  toxin,  which  is  not  a  true  toxin  in  the  ordinary  sense 
of  the  term  as  it  is  not  possible  to  produce  an  antitoxin  to  it,  is  a  matter  of 
dispute.  The  general  idea  is  that  when  a  small  dose  of  protein,  say  horse  serum, 
is  given  a  specific  antibody  is  formed,  this  process  proceeding  gradually  but 
reaching  its  maximum  after  the  tenth  day  ;  then  when  a  second  and  larger 
dose  of  the  same  protein  is  given,  this  protein  is  split  up  by  the  antibody  and 
poisonous  substances  (anaphylatoxin)  are  set  free  at  once  and  produce  the 
chain  of  symptoms  to  which  we  give  the  name  anaphylaxis.  These  symptoms 
are  always  the  same  in  the  same  animal  no  matter  what  proteid  is  used,  but 
to  produce  the  symptoms  it  is  essential  that  the  second  or  intoxicating  dose 
should  consist  of  the  same  proteid  as  was  given  at  the  first  dose.  It  is 
therefore  considered  that  the  proteid  contains  two  substances,  one  specific, 
the  immunizing  part,  the  other  the  toxic  part  which  is  non-specific  and  is  the 
same  for  all  proteins. 

Serum  sickness  is  the  name  given  to  various  clinical  manifestations,  such  as 
skin  eruptions,  usually  of  an  urticarial  nature,  fever,  oedema  and  pains  in  the  joints 
which  follow  the  injection  of  horse  serum.  This  sickness  is  also  regarded  as  an 
anaphylactic  phenomenon  and  as  a  rule  does  not  occur  till  eight  or  ten  days 
after  the  injection  of  serum.  The  explanation  is  that  during  this  incubation 
period  antibodies  are  being  formed  to  the  protein  of  the  serum  and  these  act 
on  the  remaining  and  unaltered  foreign  protein  setting  free  the  toxic  substances 
which  give  rise  to  the  symptoms  of  serum  sickness,  the  dose  then  being  too  small 
to  produce  the  more  serious  shock.  On  the  other  hand,  if  a  second  and  large 
dose  of  serum  is  given  before  all  the  antibody  produced  by  the  previous  dose 
has  been  eliminated,  an  immediate  response  is  the  result,  its  severity  depending 
on  the  susceptibility  of  the  man  or  animal,  the  size  of  the  dose  and  the  route  of 
administration.  If,  however,  all  the  original  antibody  has  been  eliminated 
before  the  second  dose  of  serum  is  given,  then  as  the  tissue  cells  are  sensitive 
to  this  particular  protein,  an  accelerated  response  will  take  place,  i.  e.  a  rash 
will  appear  in  three  or  four  days  instead  of  after  ten  days  as  in  a  person  who 
had  received  no  previous  inoculation.  It  will  thus  be  seen  that  this  phenomenon 
is  very  closely  akin  to  the  production  of  agglutinins  either  by  repeated  injections 
of  vaccines  or  by  infections  by  closely  allied  bacteria. 

As  already  stated,  the  question  of  the  source  of  the  toxin  is  in  dispute, 
one  school  believing  that  it  is  derived  from  the  splitting  up  of  the  foreign 
protein  and  setting  free  of  toxic  substances — such  toxins  acting  directly  on  the 
smooth  muscle  fibres.  Another  school  holds  that  the  splitting  up  of  the  foreign 
protein  does  not  give  rise  directly  to  toxin  but  acts  by  absorption  disturbing 
the  ferment  antiferment  balance  of  the  patient's  own  serum  and  thus  setting 
free  toxic  substances,  which  theory  places  anaphylaxis  as  a  form  of  auto- 
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intoxication.  Both  are  agreed,  however,  that  these  symptoms  of  serum  sickness 
only  arise  in  persons  who  are  immunized  to  the  particular  protein,  either 
naturally  or  by  a  previous  dose.  Some,  indeed,  would  look  on  all  infections 
as  in  the  nature  of  anaphylactic  phenomena,  the  bacteria  being  present  in  and 
multiplying  in  the  body  during  the  incubation  period,  symptoms  not  arising 
until  such  time  as  sufficient  specific  antibody  has  been  formed  to  split  up  the 
foreign  protein  of  the  bacteria  and  so  set  free  their  toxins. 

In  this  connexion  the  phenomenon  of  passive  anaphylaxis  is  of  interest. 
If  a  dose  of  0-01  c.c.  horse  serum  be  given  to  a  guinea-pig  and  twelve  days  later 
the  animal  is  bled  and  doses  of  his  serum,  together  with  1  c.c.  of  horse  serum, 
is  given  to  a  normal  guinea-pig  fatal  shock  follows  at  once,  whereas  a  control 
animal  which  receives  only  the  1  c.c.  of  horse  serum  shows  no  symptoms  whatever. 


DEFINITION. 


II.  VACCINES 


The  familiar  definition  of  bacterial  vaccines  as  ‘  enumerated  suspensions  of 
killed  bacteria  in  a  watery  excipient  5  requires  amplification  in  view  of  the  recent 
introduction  of  the  lipo-vaccines  of  Le  Moignic  and  Sezary  ;  these  are  4  enumer¬ 
ated  suspensions  of  killed  bacteria  in  an  oily  excipient  ’. 

Vaccines,  in  contradistinction  to  sera,  produce  .an  active  immunity  which  is 
usually  of  some  considerable  duration,  and  therefore  have  their  greatest  scope 
in  prophylaxis  but  they  have  also  been  largely  used,  and  with  success,  in  the 
treatment  of  local  suppurations  such  as  boils  and  in  other  bacterial  infections. 

The  various  types  of  vaccines  are  either  stock  or  autogenous  vaccines, 
in  the  former  we  make  use  of  laboratory  cultures  of  bacteria,  in  the  latter  we 
employ  bacteria  isolated  from  the  case  we  propose  to  treat. 

Autogenous  vaccines  can  of  course  only  be  employed  in  treatment  and  not 
in  prophylaxis,  but  are  to  be  preferred  to  stock  vaccines  for  several  reasons, 
one  being  that  if  proper  care  is  taken  in  the  isolation  of  the  germ  or  germs  we 
then  know  that  we  are  certainly  using  in  our  vaccine  the  bacterium  which  is 
causing  the  disease  it  is  proposed  to  treat  ;  secondly,  we  are  using  a  recently 
isolated  culture  and  not,  as  in  the  case  of  stock  vaccines,  a  bacterium  that  has 
been  frequently  subcultured.  Although  this  is  of  importance  in  treatment  it 
does  not  hold  for  all  prophylactic  vaccination  because  the  most  successful 
prophylactic  vaccine  that  has  been  used  on  a  large  scale,  the  typhoid  vaccine 
of  the  British  Army,  has  always  been  prepared  from  a  single  strain  of  B.  typhosus , 
which  was  first  isolated  in  1898  and  has  been  subcultured  almost  daily  since 
then.  During  the  Great  War  over  20  million  c.c.  of  this  vaccine  have  been 
issued,  and  in  every  c.c.  there  were  1,000  millions  of  this  particular  bacillus. 

Sensitized  vaccines  consist  of  suspensions  of  bacilli  which  have  been  pre¬ 
viously  exposed  to  the  action  of  their  homologous  immune  serum,  then  washed 
well  in  several  changes  of  normal  saline  and  finally  suspended  in  this  fluid. 

Lipo-vaccines,  as  already  stated,  are  suspensions  of  killed  bacteria  in  an  oilv 
excipient,  usually  a  vegetable  oil  such  as  sweet  almond  oil,  though  cotton-seed 
oil  has  been  largely  employed  in  America.  The  advantage  claimed  for  these 
vaccines  is  that  there  is  almost  complete  absence  of  local  and  general  reaction 
following  their  administration  and,  secondly,  a  large  single  dose,  containing  as 
many  bacteria  as  are  contained  in  four  doses  of  a  watery  emulsion,  can  be  given 
with  safety.  The  reason  for  this  is  that  the  bacilli  are  aggregated  into  small 
clumps,  are  not  autolysed  and  are  slowly  absorbed  ;  also  there  is  evidence 
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that  the  lipoids  in  the  oil  are  detoxicating  agents  and  actually  neutralize  the 
toxins  of  the  bacilli. 

It  is  also  claimed  that  as  absorption  is  slow  there  is  gradual  production  of 
antibodies  over  a  considerable  period  of  time,  but  so  far  as  experimental  work 
has  gone  it  does  not  bear  out  this  assertion  as  agglutinins  appear  rapidly,  reach 
their  maximum  about  the  twentieth  day  and  fall  rapidly,  even  more  rapidly 
than  is  the  case  after  two  or  three  doses  of  an  ordinary  saline  emulsion  ;  indeed, 
Sezary  does  not  claim  that  the  immunity  produced  by  the  lipo-vaccines  lasts 
beyond  one  year.  The  preparation  of  these  vaccines  will  be  dealt  with  later, 
but  it  may  be  said  that  it  would  not  be  possible  to  produce  vaccine  by  this 
method  on  a  large  scale,  nor  is  it  likely  to  be  necessary  in  view  of  the  satis¬ 
factory  immunity  produced  by  the  present  T.A.B.  vaccine,  the  use  of  which 
is  followed  by  slight  reaction  in  the  majority  of  cases.  Lipo-vaccines,  however, 
should  certainly  have  a  place  in  the  prophylaxis  of  dysentery  caused  by  Shiga’s 
bacillus,  where  it  is  impossible  to  give  adequate  doses  of  the  simple  vaccine  on 
account  of  the  severe  reactions  produced. 

Sero-vaccines.  These  might  be  called  partially  sensitized  vaccines  and  are 
of  most  avail  in  the  treatment  of  acute  diseases.  They  consist  of  suspensions 
of  bacilli  which  are  given  mixed  or  simultaneously  with  a  dose  of  the  homologous 
immune  serum  ;  examples  are  dysentery,  plague,  and  diphtheria  sero-vaccines. 

PREPARATION  OF  VACCINES. 

The  actual  preparation  of  a  stock  vaccine — from  a  staphylococcus  culture,  for 
example — is  an  exceedingly  simple  bacteriological  operation.  But  to  obtain  and 
isolate,  in  pure  culture,  the  germ  from  a  focus  of  disease  implies  a  very  thorough 
knowledge  of  bacteriology  and  bacteriological  technique,  as  it  involves  a  know¬ 
ledge  of  media  making,  not  only  ordinary  media  but  a  large  variety  of  special 
media,  and  also  involves  a  knowledge  of  the  appearance  of  colonies  of  the  various 
bacteria,  their  morphology,  staining  properties  and  biochemical  reactions,  and 
the  ability  to  carry  out  agglutination,  absorption  and  complement  fixation  tests, 
with  experience  sufficient  to  interpret  the  results. 

Autogenous  vaccines.  The  first  thing  to  be  done  before  preparing  such 
a  vaccine  is  to  obtain  a  pure  culture  of  the  germ  or  germs  which  we  wish  to  use. 
This  may  be  done  by  culture  from  the  blood,  urine,  or  faeces,  the  pus  of  a  boil, 
abscess  or  wound,  a  throat  or  post  nasal  swab,  the  fluid  obtained  by  lung 
puncture  or  from  a  sample  of  sputum.  From  some  of  these  sources  the  germ 
may  be  isolated  in  pure  culture,  as  from  the  blood,  but  in  dealing  with  swabs 
from  the  throat  or  sputum  it  will  be  necessary  to  plate  out  not  only  on  ordinary 
agar  but  on  special  media  which  will  enable  the  more  delicate  organisms  to  grow. 
Two  additional  precautions  are  necessary  ;  (a)  make,  stain,  and  examine  films 
from  the  swabs  or  sputum,  and  (b)  plate  out  immediately  after  collection  while 
the  swab  or  sputum  is  still  warm. 

One  word  as  to  blood  culture,  the  possibility  of  contamination  should  always 
be  borne  in  mind,  as  also  the  fact  that  the  organism  isolated  may  be  a  secondary 
invader  and,  though  obtained  from  the  patient’s  blood  not  the  real  cause  of 
the  disease. 

Having  obtained  our  bacterium  or  bacteria  we  proceed  to  make  the  vaccine. 
Using  staphylococcus  as  an  example,  a  24-hours’  agar  slope  is  taken  and  10  c.c. 
of  1  per  cent  carbolized  normal  saline  is  run  into  the  tube,  which  is  then  rotated 
between  the  palms  of  the  hands  in  order  to  wash  off  the  growth  ;  the  emulsion 
thus  formed  is  transferred  to  another  sterile  test  tube  and  diluted  to  a  standard 
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opacity  of  2,000  millions  per  c.c.  ;  this  is  then  placed  in  the  incubator  at  37°  C. 
for  24  hours,  then  tested  for  sterility  and  diluted  to  1,000  millions  per  c.c.  by 
the  addition  of  normal  saline  in  equal  quantity.  The  vaccine,  if  proved  to  be 
sterile,  is  then  ready  for  use.  If  a  more  rapid  process  is  desired  the  original 
growth  may  be  washed  off  in  normal  saline,  without  carbolic,  heated  in  a.  water 
bath  to  65°  C.  for  half  an  hour,  cooled  and  carbolized  to  0-5  per  cent  carbolic. 
Such  a  vaccine  may  be  used  at  once.  The  above  temperature  does  not  in  any 
way  interfere  with  the  antigenic  properties  of  staphylococcus. 

Vaccines  for  use  against  typhoid,  paratyphoid,  and  cholera  may  be  prepared 
in  the  same  way  as  staphylococcus  vaccine,  but  when  required  in  large  quantities 
Roux  bottles  may  be  employed  (as  described  when  dealing  with  the  standardiza¬ 
tion  of  B.  typhosus  vaccine,  p.  645),  the  growth  being  washed  off  with  saline, 
decanted  into  a  graduated  jar  and  then  killed  by  heat,  which  should  not  exceed 
53°  C.  for  B.  typhosus  and  55°  C.  for  other  organisms,  or  by  simply  carbolizing 
to  1  per  cent. 

In  the  case  of  dysentery  vaccines  the  above  procedure  may  be  carried  out 
in  the  case  of  mannite  fermenting  bacilli,  but  not  with  Shiga’s  bacillus  as  its 
toxicity  is  so  great.  Two  procedures  are  available  when  making  vaccines  of 
Shiga’s  bacillus — that  of  Gibson,  by  which  a  scro-vaccine  or  partially  sensitized 
vaccine  is  prepared,  and  the  preparation  of  a  lipo-vaecine.  The  toxicity  of  the 
Shiga  bacillus  has,  until  recently,  prevented  the  preparation  of  potent  prophy¬ 
lactic  vaccines  for  bacillary  dysentery.  Even  with  doses  as  low  as  100  million 
bacilli,  severe  and  prolonged  reactions  may  occur  ;  whereas  total  doses  of  at 
least  1,000  million  bacilli  would  be  necessary  to  produce  a  satisfactory  degree 
of  protection. 

Shiga  himself  originally  proposed  using  a  combined  sero-vaceine  process. 
He  gave  1  c.c.  of  a  potent  dysentery  serum  mixed  with  a  dose  of  2  mgm.  of 
a  vaccine  of  the  bacillus.  By  this  means  he  was  able  to  reduce  the  mortality ; 
but  there  was  not  much  evidence  of  any  marked  degree  of  protection  lasting 
for  more  than  one  month,  the  reason  being  that  the  antitoxin  in  the  serum 
unites  with  the  toxin  of  the  bacilli  in  the  vaccine,  and  thus  prevents  production 
of  antitoxin  in  the  inoculated  person,  and  also  apparently  the  antibacterial 
substances  in  the  serum  unite  with  the  bacteria  and  prevent  production  of  any 
antibacterial  substance.  Thus  when  a  dose  of  vaccine  is  given  with  an  excess 
of  its  homologous  antiserum,  not  only  is  there  little  or  no  production  of  active 
immunity  but  the  passive  immunity  is  not  so  great  as  after  the  same  dose  of 
serum  without  vaccine. 

Gibson’s  sero-vaccine  for  bacillary  dysentery.  Gibson,1  working  along  the 
lines  indicated  by  Shiga,  elaborated  an  ingenious  and  novel  method  by  which 
large  doses  of  B.  dysenterice  Shiga  can  be  given,  the  toxins  of  the  bacilli  being 
partially  neutralized  by  a  serum  from  which  the  antibacterial  substances  have 
been  removed  by  absorption  and  which  is  afterwards  diluted.  At  the  same 
time  sufficient  antitoxin  is  left  in  the  serum  to  reduce  the  reaction  to  within 
reasonable  limits,  but  not  sufficient  to  neutralize  all  the  toxin  ;  thus  when  this 
sero-vaccine  of  Gibson  is  used  it  is  possible  to  demonstrate  in  inoculated  men 
and  animals  the  production  of  antitoxin,  agglutinin,  opsonin  and  other  anti¬ 
bacterial  substances,  and  these  antibodies  are  still  in  evidence  in  the  serum  ot 
inoculated  persons  four  months  after  two  doses  of  sero-vaccine.  It  will  be 
understood  that  if  it  were  possible  to  produce  a  purely  antitoxic  dysentery 
serum,  without  any  antibacterial  substances  in  it,  dilution  only  would  be 

1  The  late  Major  H.  Graeme  Gibson,  R.A.M.C. 
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necessary  ;  but  so  far  such  a  serum  is  not  obtainable  and  if  ‘  whole  ’  serum 
is  given  with  a  dose  of  vaccine,  no  production  of  antibacterial  substances  can 
be  demonstrated  in  inoculated  persons. 

The  method  of  preparation  of  Gibson’s  sero-vaccine  is  as  follows  : 

Preparation  of  the  bacterial  suspension  :  Roux  bottles  of  trypsin 
agar  are  inoculated  from  young  broth  cultures  of  four  strains  of  B.  dysenterice 
Shiga.  The  bottles  are  incubated  at  37  C.  for  24  hours,  and  the  resulting 
growth  washed  off  with  normal  saline.  The  suspensions  are  all  collected  in 
one  flask  and  thoroughly  mixed.  A  sample  is  taken  for  purity  tests  and  also 
one  for  purposes  of  standardizing  the  vaccine.  This  is  carried  out  in  the 
shallow  cell  counting  chamber  as  described  on  p.  644.  The  suspension  of 
bacilli  is  diluted  to  a  strength  of  12,000  millions  per  c.c.  and  the  bacilli  are 
killed  by  the  addition  of  1  per  cent  carbolic. 

Emulsions  of  the  mannite  fermenting  bacilli  are  prepared  in  the  same  way. 
After  the  tests  for  sterility  have  proved  satisfactory,  the  suspensions  are  diluted 
with  normal  saline  solution  to  6,000  million  bacilli  per  c.c.,  the  carbolic  acid 
being  thus  reduced  to  0-5  per  cent. 

Equal  parts  of  the  Shiga,  Flexner,  and  Y  suspensions  are  then  mixed 
together,  bringing  the  final  strength  of  the  vaccine  to 


2,000  million  B.  dysenterice  Shiga 
2,000  ,,  B.  dysenterice  Flexner 

2,000  ,,  B.  dysenterice  Y 


per  c.c. 


In  the  more  recent  vaccines  there  are  2,000  million  Shiga  bacilli  and  4,000 
million  mannite  fermenting  bacilli  per  c.c. — the  old  distinction  based  on  the 
sugar  reactions,  between  Flexner  and  Y  bacillus  having  been  abandoned  and 
the  mannite  fermenting  dysentery  bacilli  now  being  differentiated  into  five 
separate  strains  by  serological  tests  (see  Bacillary  Dysentery,  Yol.  II). 

Preparation  of  the  Serum.  The  serum  is  prepared  from  the  ordinary 
therapeutic  antidysenteric  serum  of  the  Lister  Institute.  One  litre  of  this 
serum  is  used  to  wash  off  the  24-hour  growth  from  twenty  Roux  bottles  of  agar 
inoculated  with  the  mannite  fermenting  bacilli  ;  the  serum  and  bacteria  are 
then  poured  into  tall  cylinders,  which  are  tightly  plugged  with  sterile  rubber 
bungs,  and  as  the  bacteria  are  at  once  agglutinated  and  sedimented  it  is  necessary 
to  invert  the  cylinders  from  time  to  time.  The  serum  and  bacteria  are  left  in 
contact  for  three  hours  at  37°  C.  and  over  night  at  room  temperature ;  the 
following  morning  the  serum  is  centrifuged  to  get  rid  of  the  bacteria  and  the 
process  of  absorption  is  repeated  with  Shiga’s  bacillus  in  place  of  the  mannite 
fermenters.  The  serum  is  then  passed  through  Pasteur-Chamberland  F  filters 
under  a  negative  pressure  of  30  mm.  of  mercury.  The  filtering  must  not  be 
unduly  prolonged  and  the  candles  must  be  wiped  from  time  to  time  in  order 
to  prevent  them  from  becoming  coated  with  gelatinous  matter. 

The  test  for  complete  absorption  is  the  absence  of  any  agglutinins  in  the 
serum  ;  this  test  is  performed  before  filtration  and  if  agglutinins  are  still  present 
the  serum  is  reabsorbed. 

(The  test  for  antitoxic  power  is  made  after  filtration  :  0  05  c.c.  of  the  serum 
must  protect  a  rabbit  against  a  certain  lethal  dose  of  killed  bacilli,  the  serum 
and  vaccine  being  mixed  in  the  syringe  and  at  once  inoculated  subcutaneously 
into  the  rabbit. 

The  serum  is  then  diluted  1  in  3  with  carbolized  (0-5  per  cent)  saline,  and 
the  vaccine  and  serum  filled  into  twin  phials.  To  administer  the  vaccine 
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the  arm  is  prepared  in  the  ordinary  way  with  iodine  and  0-25  cc.  is  withdrawn 
from  each  phial  and  inoculated  subcutaneously.  The  vaccine  should  be  drawn 
into  the  syringe  first,  up  to  the  0-25  c.c.  mark,  and  then  the  serum  should  be 
added  from  its  phial,  bringing  the  contents  of  the  syringe  up  to  the  0-5  c.c. 
mark,  and  the  whole  at  once  injected. 

This  first  dose  consists  of  500  million  B.  dy sentence  Shiga,  1,000  million 
mannite  fermenting  dysentery  bacilli  together  with  0-083  (y^th)  c.c.  of  absorbed 
serum.  The  second  dose,  given  seven  days  later,  consists  of  double  the  amount, 
i.  e.  0-5  c.c.  from  each  phial. 

Fully  sensitized  vaccines  have  also  been  used  in  the  treatment  and  prophy¬ 
laxis  of  dysentery  and  certain  other  diseases.  Besredka  prepares  them  thus  : 
The  growth  from  an  agar  tube  is  emulsified  in  1  c.c.  of  normal  saline  and  added 
to  1  c.c.  of  undiluted  highly  immune  rabbit  serum.  The  mixture  of  immune 
serum  and  emulsion  of  living  bacilli  is  kept  over  night  at  room  temperature, 
after  which  it  is  centrifuged  and  the  serum  and  saline  drawn  off.  The  bacilli 
are  then  well  washed  twice  in  30  c.c.  of  saline  to  free  them  from  every  trace  of 
serum.  The  whole  of  the  growth  from  one  culture  being  present  in  the  30  c.c. 
of  emulsion,  the  doses  are  expressed  in  fractions  of  a  culture  as  yjo,  j1^,  &e. 
The  immune  serum  is  prepared  as  follows.  The  growth  on  an  agar  slope  is 
emulsified  in  10  c.c.  normal  saline  and  killed  by  heat  at  60°  C.  for  half  an  hour. 
Rabbits  are  then  injected  intravenously  at  weekly  intervals.  First  dose 
0-25  c.c.  of  the  killed  vaccine.  Second  and  third  doses  each  0-5  c.c.  ;  fourth 
dose  1  c.c.  One  week  after  the  last  dose  the  rabbits  are  bled  and  their  serum 
stored  for  use. 

Besredka  claims  that  by  this  process  the  virulence  and  toxicity  of  the 
bacilli  are  reduced  and  that  the  vaccines  prepared  from  them  confer  an  early 
and  lasting  immunity. 

Recently  lipo-vaccines  have  been  introduced  by  French  workers  who, 
however,  have  not  yet  published  the  composition  of  the  oils  which  they  utilize, 
although  otherwise  they  have  given  full  particulars  as  to  preparation  and  mode 
of  employment. 

Whitmore  prepares  his  lipo-vaccines  as  follows  :  the  bacilli  are  grown  on 
a  dry  starch  agar,  the  growth  is  scraped  off  by  means  of  a  rubber-covered 
spatula,  placed  on  a  weighed  glass  vessel  and  dried  in  the  oven  by  a  current 
of  air  at  53°  C.  for  45  minutes.  After  weighing,  the  mass  is  placed  in  a  ball  mill 
and  ground  for  24  hours.  The  mass  is  then  mixed  with  sterile  anhydrous 
lanolin,  using  an  amount  equivalent  to  10  per  cent  of  the  total  bulk  to  which 
the  vaccine  is  to  be  brought,  and  olive  oil  or  sweet  almond  oil  is  added,  using 
an  amount  equal  to  half  the  volume  of  the  lanolin,  the  oil  having  been  pre¬ 
viously  sterilized  in  the  autoclave  at  115°  C.  for  15  minutes.  The  whole  is 
again  ground  and  mixed,  and  then  oil  is  added  so  that  the  T.A.B.  vaccine 
contains  6,000  million  bacilli  and  the  dysentery  vaccine  7,500  million  per  c.c. — 
the  latter  consisting  of  Shiga,  Flexner,  and  Y  bacilli  in  equal  numbers.  A  single 
dose  of  1  c.c.  is  given  subcutaneously.  1  mg.  =8,000  million  B.  typhosus. 

Olitsky  gives  a  more  simple  method  for  preparing  lipo-vaccines.  The 
bacilli  are  washed  off  agar  in  thick  emulsion  and  a  sample  is  taken  and  counted. 
The  emulsion  is  centrifuged  at  high  speed  and  all  the  saline  removed,  the  pasty 
mass  which  remains  is  then  suspended  in  sweet  almond  oil  which  has  been 
neutralized  and  prepared  as  follows  :  Add  to  the  oil  an  equal  quantity  of  ether 
and  neutralize  with  a  solution  of  20  grm.  metallic  sodium  in  100  c.e.  methyl 
alcohol,  using  phenolphthalein  as  indicator,  filter  and  centrifuge  to  remove  the 
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soaps,  and  get  rid  of  the  ether  by  warming.  Keep  in  the  ‘  cold  room  5  for  one 
week,  add  charcoal,  filter  and  sterilize  in  the  autoclave  at  115°  C.  for  45  minutes. 
After  suspending  the  bacillary  emulsion  in  the  oil,  it  is  heated  to  60°  C.  for 
one  hour  to  kill  the  organisms  and  is  then  filled  into  strong  glass  phials  con¬ 
taining  beads.  The  strength  of  the  dysentery  vaccine  is  Shiga  bacillus  2,500 
millions,  Flexner  1,250  millions,  and  Y  1,250  millions  in  1  c.c.  A  single  dose 
of  1  c.c.  can  be  given  with  little  or  no  general  or  local  reaction. 

Mixed  vaccines  may  be  prepared  by  adding  known  quantities  of  each  con¬ 
stituent  in  the  ‘  thick  ’  to  a  known  quantity  of  diluting  fluid.  For  example, 
in  preparing  large  quantities  of  T.A.B.  vaccine,  receptacles  holding  26,269  c.c. 
of  normal  saline  are  sterilized  in  the  autoclave  and,  after  cooling,  the  following 
are  added  :  831  c.c.  of  10  per  cent  lysol  ;  2,000  c.c.  of  B.  typhosus  vaccine, 
15,000  million  per  c.c.  ;  450  c.c.  of  B.  paratyphosus  A  vaccine,  50,000  million 
per  c.c.  ;  450  c.c.  of  B.  paratyphosus  B  vaccine,  50,000  million  per  c.c.  Thus 
giving  30  litres  of  a  vaccine  containing  in  1  c.c. 

B.  typhosus  .  .  1,000  millions 

B.  paratyphosus  A  .  750  ,, 

B.  paratyphosus  B  .  750  ,, 

Lysol  .  .0-3  per  cent. 

Or  if  equal  quantities  of,  for  example,  three  types  of  bacilli  are  required — 
1,000  million  of  each  per  c.c. — then  three  flasks  of  3,000  million  organisms  per 
e.c.  are  mixed  together  ;  the  point  being  that  each  c.c.  of  the  completed  vaccine 
will  only  contain  0-33  c.c.  of  each  of  the  components. 

Dosage  of  mixed  vaccines.  It  has  been  shown  that  if  the  ordinary  dose  of 
typhoid  vaccine,  say  1,000  million  bacilli,  be  given  to  a  man,  it  is  not  possible 
to  demonstrate  any  immune  body  resulting  in  his  blood,  the  deviation  of 
complement  test  being  used  for  this  purpose,  but  if  the  same  dose  be  given  to  a 
rabbit,  marked  immune  body  formation  can  be  demonstrated.  Weight  for 
weight  this  dose  for  a  rabbit  is  equivalent  to  20,000  million  bacilli  for  a  man. 

It  is  obvious,  then,  that  as  we  can  give  2,500  millions  of  a  mixed  T.A.B. 
vaccine  it  would  be  much  better,  qua  protection  against  typhoid,  if  we  could 
give  this  dose  of  typhoid  bacilli  alone.  That  is  to  say,  the  drawback  of  the 
mixed  vaccines  is  the  fact  that  the  dose  must  be  regulated  by  the  reaction 
caused  by  the  total  organisms  and,  therefore,  the  dose  of  each  constituent 
must  be  less  than  its  maximum,  and  the  dose  of  each  component  is  dependent 
on  the  number  of  different  antigens  contained  in  the  particular  mixed  vaccine — 
the  greater  the  number  of  antigens  the  smaller  the  dose  of  each.  But  when 
large  bodies  of  men  are  to  be  protected  at  one  and  the  same  time  against  three 
or  more  diseases,  a  mixed  vaccine  is  the  most  convenient  form,  entailing,  as 
it  does,  only  two  injections  in  place  of  six  or  eight,  though  where  it  is  a  question 
of  dealing  with  individuals  in  a  certain  district,  a  study  of  the  prevalent  bacterial 
disease  should  be  made,  and  whenever  possible  single  vaccines  employed  in  the 
maximum  dose. 

Relative  value  of  broth  and  agar  for  production  of  vaccines.  It  has  been 
recently  shown  that  if  streptococcus  vaccines  are  prepared  from  a  growth  washed 
off  the  surface  of  an  agar  tube  it  is  exceedingly  difficult  to  demonstrate  any 
antibody  production  or  other  evidence  of  immunity  in  animals  inoculated  with 
such  vaccines,  whereas  protection  and  antibody  production  can  be  obtained 
by  injection  of  vaccines  consisting  of  broth  cultures  of  streptocccci.  The  same 
observation  applies  to  recent  work  on  tetanus  bacilli,  and  for  this  reason  it  is 
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well  to  use  broth  cultures  of  streptococci  and  pneumococci  when  preparing 
vaccines  for  either  treatment  or  prophylaxis. 

Considerable  discussion  has  arisen  as  to  the  employment  of  broth  or  agar 
cultures  for  the  preparation  of  prophylactic  vaccines  on  a  large  scale.  Doses 
being  numerically  similar  there  is  now  good  evidence  to  show  that  typhoid 
vaccines  prepared  from  broth  cultures  confer  a  more  ‘  all  round  ’  and  lasting 
immunity  than  do  vaccines  prepared  from  the  growth  on  agar  cultures  washed 
off  in  saline.  The  drawback  is  that  the  reaction,  both  general  and  local,  resulting 
from  their  use  is  more  severe  with  the  broth  than  with  the  agar  vaccine  ;  but  if 
a  heavy  growth  is  obtained  in  the  broth,  it  can,  as  a  consequence,  be  well  diluted 
with  saline  solution,  and  then  there  is  little  difference  in  the  reactions,  although 
the  protection  afforded  by  the  broth  vaccine  remains  greater  and  more  prolonged. 

Another  point  arising  out  of  the  last  is  that,  if  the  numerical  method  is 
adopted  in  standardizing  the  vaccine,  the  dose  of  a  broth  vaccine  will  be  at 
least  half  as  much  again  and  possibly  more,  than  that  of  a.  corresponding  agar 
vaccine  if  an  equal  bulk  of  both  is  employed  ;  the  reason  being,  that  typhoid 
bacilli  grown  in  broth  are  at  least  twice  the  size  of  the  same  bacilli  grown  on 
agar,  and  also  as  autolysis  takes  place  to  a  greater  extent  in  the  broth  than  in 
the  agar,  such  autolysed  bacilli  are  not  reckoned  when  enumerating  the  dose, 
although  their  products  are  actually  included. 

A  good  medium  for  the  growth  of  the  pneumococcus  is  that  proposed  by 
Lister.  It  consists  of  trypsin  broth +  17  to  phenolphthalein  in  reaction  and 
contains  0-2  per  cent  glucose,  0  013  per  cent  calcium  chloride,  0-25  per  cent, 
sodium  chloride.  As  the  pneumococcus  autolyses  very  readily  in  such  broth, 
the  following  method  of  culture  with  a  view  to  vaccine  preparation  is  recom¬ 
mended  :  a  flask  containing  200  c.c.  of  the  glucose  broth  is  inoculated  at 
6  p.m.,  from  a  blood  culture.  At  10  a.m.  the  following  morning,  the  flask 
usually  shows  a  marked  turbidity  ;  its  contents  are  then  distributed  equally 
among  six  Roux  bottles,  each  containing  200  c.c.  of  similar  broth,  which  have 
been  incubated  over  night  and  are,  therefore,  at  a  temperature  of  37°  C.  The 
Roux  bottles  are  at  once  replaced  in  the  incubator  and  are  examined  hourly 
throughout  the  day.  When  maximum  growth  appears  to  have  been  reached, 
usually  after  from  three  to  seven  hours,  the  contents  of  the  Roux  bottles  are 
decanted  into  a  three  litre  flask.  This  flask  is  then  heated  in  a  water  bath 
at  55°  C.  for  one  hour,  to  destroy  the  autolysin,  after  which  it  is  cooled  and 
carbolized  to  1  per  cent.  A  sample  is  taken  from  the  flask  after  thorough 
mixing  and  before  heating,  for  purposes  of  standardization,  which  is  carried 
out  by  means  of  the  hfemocytometer  and  checked  by  opacity  of  the  diluted 
broth  culture. 

The  streptococcus  for  the  purpose  of  prophylactic  vaccines  is  grown  in 
ordinary  trypsin  broth  without  glucose  and  is  killed  by  carbolic,  no  heat  being 
used  at  all.  Both  for  prophylactic  and  therapeutic  vaccines  of  streptococcus 
and  pneumococcus  freshly  isolated  cultures  should  be  used  and  maintained  on 
blood  agar  in  the  one  instance,  and  blood  broth  in  the  latter  ;  such  cultures 
can  be  stored  in  the  cold  for  some  weeks  without  loss  of  virulence. 

For  influenza  vaccines  to  be  used  for  treatment  or  prophylaxis  Pfeiffer’s 
bacillus,  recently  isolated  from  cases  of  broncho-pneumonia,  is  grown  on  solid 
media  containing  altered  haemoglobin.  The  best  of  these,  for  the  purpose  of 
preparing  large  quantities  of  growth,  is  that  of  Matthews,  which  consists  of 
trypsinized  diluted  blood  agar  ;  the  vaccines  are  killed  by  carbolic,  not  by 
hdat.  Doses  of  300  millions  may  be  used  in  prophylaxis. 
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Matthews’  medium  for  Pfeiffer’s  influenza  bacillus.  Bottles  containing 
36  c.c.  normal  (0-85  per  cent)  saline  with  0-25  per  cent  Na2C03  anhydrous 
are  sterilized,  to  each  is  added  2  c.c.  of  fresh  blood,  the  whole  is  well  mixed 
and  1  c.c.  of  trypsin  added.  The  bottles  are  incubated  at  37°  C.  for  four  days, 
till  the  blood  is  digested,  after  which  1  c.c.  of  the  diluted  blood  is  added  to 
9  c.c.  of  trypsin  agar  and  sloped. 

Boiled  blood  medium  for  Pfeiffer’s  bacillus  (Fleming).  The  simplest  of  all 
ways  of  making  this  medium  is  to  take  an  agar  stab  containing  from  15  to  20  c.c. 
(enough  to  make  one  plate)  and  melt  it  by  boiling  in  a  saucepan.  While  it  is 
boiling  1|  to  2  c.c.  of  blood  is  added,  mixed  throughout  the  medium,  and  the 
whole  is  boiled  for  about  one  minute.  The  plate  may  then  be  poured.  There 
is  no  need  to  filter  the  medium  and,  in  fact,  it  is  a  disadvantage  to  filter  it  as 
the  altered  blood  furnishes  a  valuable  guide  to  the  nature  of  many  of  the 
colonies. 

In  the  preparation  of  the  medium,  however,  certain  points  have  to  be 
observed. 

1.  The  reaction  of  the  agar.  The  best  growth  has  been  obtained  on 
agar  which  only  just  turned  red  litmus  paper  blue.  The  most  favourable 
hydrogen- ion  content  has  not  been  determined,  but  is  probably  somewhere 
about  6-8.  If  the  medium  is  too  alkaline  (when  it  changes  red  litmus  paper 
immediately  to  a  definitely  blue  colour)  the  growth  is  more  scanty  and  the 
colonies  are  small,  whereas  if  the  reaction  varies  much  on  the  acid  side  no 
growth  results. 

2.  The  nature  of  the  nutrient  agar.  Douglas’s  meat  digest  agar  gives 
a  very  much  more  copious  growth  than  agar  made  of  Brand’s  essence. 

3.  The  amount  of  boiling.  Boiling  for  one  minute  or  less  is  quite  enough 
to  change  the  haemoglobin  and  split  off  the  product  which  is  favourable  to  the 
growth  of  Pfeiffer’s  bacillus.  Even  pouring  the  blood  into  the  agar  while  it 
is  boiling  is  sufficient  almost,  and  this  has  the  advantage  for  some  purposes 
that  the  medium  is  an  even  brown  colour.  When  the  blood  is  boiled  in  the 
agar  and  the  plate  poured  while  it  is  hot  the  debris  of  the  blood  settles  down 
to  the  bottom  of  the  plate  before  the  agar  solidifies  and  leaves  a  beautiful  clean 
surface. 

On  this  medium  pneumococci  come  up  as  very  flat  colonies  which  turn  the 
brown  hsematin  a  dirty  yellow-greenish  colour  and  this  colour  change  spreads 
as  a  halo  around  the  actual  colony.  Some  of  the  streptococci  (viridans  group) 
have  the  same  effect  on  the  hsematin,  others  (the  haemolytic  and  the  indifferent 
groups)  have  no  effect  on  it.  The  Pfeiffer  colonies  are  larger  and  more  trans¬ 
parent  than  are  most  of  the  streptococcus  colonies  and  they  do  not  change 
the  colour  of  the  medium.  The  catarrhalis  colonies  are  more  heaped  up  and 
opaque  than  are  the  colonies  of  Pfeiffer.  They  also  do  not  change  the  colour 
of  the  hsematin. 

In  the  preparation  of  gonococcus  vaccine  Thomson’s  plasma  trypagar  is 
useful  :  1  e.c.  of  citrated  human  blood  plasma  added  to  4  c.c.  of  melted 

trypagar  (p.  515). 

Detoxicated  vaccines.  David  Thomson  has  recently  advocated  the  use  of 
what  he  stvles  detoxicated  vaccines. 

4/ 

His  theory,  which  has  already  been  put  forward  by  others,  notably  Vaughan 
in  America,  is  that  bacteria  consist  of  stroma  and  toxin.  He  further  argues 
that  the  stroma  alone  is  necessary  for  immunization,  and  the  bigo-er  the  dose 
the  better  the  result  qua  immunization. 
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Doses  in  the  past  have  been  limited  by  the  local  and  general  reaction  due 
to  the  toxin. 

The  method  of  detoxication  is  as  follows  : 

Both  stroma  and  toxin  are  soluble  in  alkali  N/10  solution,  but  the  stroma 
is  thrown  out  of  solution  by  an  acid  leaving  the  toxin  in  solution.  The  precipitate 
can  be  rendered  non-toxic  by  repeated  washings  in  0*5  per  cent  acid  sodium 
phosphate  containing  0-5  per  cent  carbolic  acid.  Unfortunately  this  method 
of  preparation  of  vaccines  has  not  yet  been  extended  to  the  true  toxin-producers  : 
tetanus,  diphtheria,  and  dysentery. 

Doses  of  gonococcus  vaccine,  prepared  in  this  manner,  equivalent  to  2,500 
to  10,000  million  cocci,  have  been  given  without  any  evidence  of  reaction. 

Thomson  has  been  able  to  show  an  increased  amount  of  complement  fixed 
by  the  sera  of  patients  treated  by  these  vaccines  as  compared  with  other  patients 
treated  by  the  usual  doses  of  ordinary  vaccines.  This  particular  method  of 
demonstrating  the  response  to  the  vaccine  has  been  the  only  one  attempted 
so  far. 

Cases  of  gonorrhoea  and  its  complications  were  treated  by  intramuscular 
injection  of  the  solution  or  subcutaneous  injection  of  the  precipitate  in  a  series 
of  doses  as  follows  : 

5,000  million  and  5,000,  7,500,  10,000,  10,000,  10,000  millions  on  1st,  4th, 
8th,  12th,  19th,  and  26th  days. 

STANDARDIZATION  OF  VACCINES. 

This  may  be  done  either  by  an  appreciation  of  opacity  or  by  a  direct 
enumeration  of  the  contained  germs  under  the  microscope. 

Any  one  who  is  accustomed  to  the  preparation  of  vaccines  has  a  convention 
of  his  own  as  regards  opacity ;  for  such  a  worker  all  that  is  necessary  is  to  dilute 
the  emulsion  and  judge  by  the  eye  when  it  is  equivalent  to  a  strength  of  say 
2,000  millions  per  c.c.  Such  a  method  of  standardization  is  only  possible  after 
considerable  experience  and  numerous  observations  by  counting,  also  it  is  only 
accurate  with  simple  suspensions  from  agar  slopes  and  is  of  little  use  when 
working  with  broth  cultures  or  with  cultures  on  media  containing  blood 
pigment. 

Gordon’s  method  is  a  simple  and  fairly  accurate  method  of  determining 
the  strength  of  a  vaccine  by  opacity.  Two  test  tubes  exactly  similar  in  size 
and  thickness  of  glass  are  taken  ;  in  one  some  15  c.c.  of  distilled  water  are 
placed,  in  the  other  0-1  c.c.  of  the  emulsion  to  be  tested,  distilled  water  in 
measured  quantities  is  then  added  to  the  latter  tube  until  the  4  last  visible 
trace  of  greyness  ’  is  noted,  the  first  control  tube  being  used  for  purposes  of 
comparison.  This  is  taken  as  a  dilution  equivalent  to  100  million  organisms 
per  c.c.,  and  from  the  amount  of  water  added  it  is  easy  to  calculate  the  number 
of  bacilli  per  c.c.  in  the  thick  emulsion. 

Dudgeon  suggests  using  a  counted  and  formalinized  suspension  of  B.  coli , 
2,000  millions  per  c.c.  Autolysis  takes  place  but  slowly  in  such  an  emulsion 
and  the  opacity  remains  unaltered  for  months.  The  standard  emulsion  is  kept 
in  small  tubes  and  the  emulsion  to  be  tested  is  placed  in  a  similar  tube,  the 
opacity  being  determined  by  comparing  the  tubes  when  held  against  printed 
'matter.  This  method  does  not  take  into  account  the  difference  in  size  of  the 
various  bacteria  and  consequent  difference  in  opacity  of  emulsions  of  equivalent 
numerical  strength. 

Brown’s  method  is  also  a  useful  one  ;  he  makes  a  1  per  cent  solution  of  well 
.  t  t  2 
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washed  and  roasted  BaS04  in  1  per  cent  aqueous  solution  of  citrate  of  soda, 
a  series  of  small  tubes  being  prepared  and  holding  8  to  16- fold  dilutions  of  the 
BaS04  solution,  as  standards  of  opacity.  The  emulsion  to  be  tested  is  placed 
in  similar  small  tubes  and  compared  with  the  standards  when  placed  against 
clear  print.  The  table  below  shows  the  various  estimations  ;  e.  g.,  an  emulsion 
of  Staphylococcus  aureus  which  corresponds  in  opacity  to  the  10-fold  dilution 
of  BaS04  contains  2,700  million  bacteria  per  c.c. 


Brown’s  Method  of  Standardization 

Strengths  in  millions  of  vaccines  per  c.c.  as  estimated  by  comparison  of  their  opacity  with 

that  of  various  dilutions  of  BaSO, 
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This  method  is  founded  on  counts  made  by  Wright’s  original  method,  and 
comparative  counts  made  by  the  hsemocytometer  show  that  those  made  by  the 
older  method  are  lower ;  for  example,  an  emulsion  which  by  Brown’s  method 
gives  an  opacity  equivalent  to  2,000  million  per  c.c.  would,  when  counted  by 
the  hsemocytometer,  show  3,000  millions  or  even  more. 

It  would  be  well  then  to  prepare  a  series  of  standard  tubes  of  barium  sulphate 
in  1  per  cent  citrate  of  soda  solution,  and  having  compared  their  opacity  with 
that  of  emulsions  of  the  various  bacteria,  counted  by  the  hsemocytometer, 
to  draw  up  tables  accordingly. 

Standardization  by  the  use  of  the  haemocytometer.  The  most  accurate 
method  of  determining  the  number  of  bacteria  in  an  emulsion  is  by  an  actual 
count  under  the  microscope,  using  a  hsemocytometer  with  a  shallow  cell  0-02  mm. 
in  depth.  The  emulsion  is  first  diluted  in  saline  to  a  convenient  strength  and 
dilutions  from  this,  either  by  drop  method  or  by  measure,  are  made  in  0-5  per  cent 
carbolic  acid  solution  to  which  a  trace  of  carbol  fuchsin  stain  has  been  added. 
A  good  -J-  inch  lens  and  high  eye-piece  are  used  and  the  number  of  bacteria,  in 
say  100  small  squares  ascertained  ;  from  the  figures  so  obtained,  it  is  simple 
to  calculate  the  number  of  organisms  per  c.c.  in  the  original  dilution.  If  great 
accuracy  is  desired,  as  when  establishing  a  standard,  two  or  three  drops  may  be 
counted  and  the  average  taken. 

Use  of  the  mechanical  shaker.  Before  counting  an  emulsion  by  means  of 
the  hsemocytometer  it  is  necessary  that  it  should  be  thoroughly  shaken  on  the 
mechanical  shaker  ;  also  when  working  with  certain  bacteria,  especially  of 
the  M.  catarrhalis  group,  it  is  essential  that  the  emulsion  should  be  thoroughly 
shaken  before  a  vaccine  is  prepared. 
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It  may  be  of  some  interest  to  give  here,  briefly,  the  method  by  which  all  the 
British  Army  vaccines  have  been  standardized  during  the  war.  As  broth  enters 
into  the  composition  of  most  of  these  vaccines  a  simple  opacity  test  was  not 
possible,  and  as  two  or  three  counts  had  to  be  made  daily,  some  method  which 
would  not  be  too  trying  for  the  eye  had  to  be  devised.  The  method,  in  brief, 
is  an  estimation  by  simple  dark-ground  illumination,  using  a  haemocytometer 
of  0-02  mm.  depth.  A  microscope  was  fitted  up  with  a  No.  18  compensating 
eye-piece  and  a  Zeiss  C  lens  ;  the  top  glass  of  the  Abbe  condenser  was  removed 
and  a  central  stop,  cut  out  of  cardboard,  was  placed  beneath  the  substage 
condenser.  The  illumination  was  derived  from  a  Nernst  lamp  with  bull’s-eye 
condenser.  With  a  little  adjustment  of  the  mirror  and  light  and  of  the  size  of 
the  substage  stop,  a  very  excellent  image  of  the  lines  on  the  haemocytometer 
and  of  the  bacilli,  which  appeared  as  bright  objects  on  a  dark  ground,  was 
obtained. 

The  dilutions  to  be  counted  were  made  as  follows  :  the  growth  having  been 
removed  from  the  agar  and  suspended  in  saline  (the  strength  of  B.  paratyphosus 
A  usually  came  out  at  about  40,000  to  50,000  millions  and  that  of  B.  paratyphosus 
B  about  70,000  to  80,000  millions  per  c.c.),  0-5  c.c.  of  this  emulsion  was  placed  in 
9-5  c.c.  saline,  giving  a  dilution  of  1  in  20,  and  two  drops  of  this  were  then 
placed  in  58  drops  of  0-5  per  cent  carbolic  saline,  bringing  the  dilution  up 
to  1  in  600. 

A  drop  of  sufficient  size  of  this  final  dilution  was  then  placed  on  the  stage 
of  the  haemocytometer  and  the  cover-slip  placed  in  position,  a  count  was  made 
ten  minutes  later  by  which  time  the  motility  of  the  bacilli  was  reduced,  though 
sufficient  characteristic  movement  remained  to  distinguish,  with  ease,  the 
organisms  from  other  particles.  The  number  of  bacteria  in  60  small  squares 
is  found  and  this  multiplied  by  200  gives  the  number  of  bacilli  in  millions 
per  c.c.  of  the  original  emulsion.  (Each  small  square  of  a  0-02  mm.  haemo¬ 
cytometer  represents  20I100  °f  a  c.mm.,  i.  e.,  4-J-0  X  Therefore,  if  600 

bacilli  are  counted  in  60  squares  and  the  original  emulsion  has  been  diluted 

20,000X600X600 

1  m  600,  600X200  =  120,000  millions  per  c.c.  or - - -  =  120 

60 

millions  per  c.mm.  =  120,000  millions  per  c.c.) 

N 

When  working  with  broth  cultures  ^  HC1  is  used  as  diluent  ;  it  is  also 

necessary  to  remember  that  drops  of  broth  are  considerably  smaller  than  drops 
of  saline  ;  the  ratio  can  be  determined  by  filling  a  carefully  graduated  c.c. 
measure  up  to  the  5  c.c.  mark  with  salt  solution  and  then  adding  broth,  drop 
by  drop,  till  the  fluid  is  raised  to  the  6  c.c.  mark  :  thus  the  number  of  drops 
of  broth,  saline,  or  serum  per  c.c.  can  be  determined. 

Two  drops  of  saline  added  to  58  drops  of  saline  gives  a  1  in  30  dilution, 
but  the  same  dilution  of  broth  is  obtained  by  adding  two  drops  of  broth  to 
48  drops  of  saline.  In  order  to  obviate  this  fallacy  when  working  with  broth 
or  serum  cultures,  the  following  method  may  be  substituted  ;  0-5  c.c.  of  the 
1  in  20  solution  is  taken  and  placed  in  14-5  c.e.  of  carbolized  saline,  so  giving 
a  dilution  of  1  in  600  as  before. 

Standardization  by  area  of  surface  of  medium.  It  has  been  found  that  if 
the  same  area  of  medium  is  employed  and  a  constant  amount  of  fluid  used  to 
wash  off  the  growth,  a  very  uniform  thickness  of  emulsion  will  be  obtained 
from  day  to  day,  provided  that  the  incubation  time  is  also  constant.  Thus 
if  120  c.c.  of  trypsin  agar  is  placed  in  a  Roux  bottle,  evenly  inoculated  with 
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B.  typhosus,  incubated  for  exactly  24  hours  and  then  washed  off  in  10  c.c.  of 
normal  saline,  very  comparable  counts  will  be  obtained  from  day  to  day, 
provided  that  the  medium  is  constant  and  other  conditions  are  the  same. 

STORAGE  OF  VACCINES. 

Vaccines  should  be  kept  in  the  dark  in  a  cool  place,  but  this  is  not  so  essential 
to  the  preservation  of  their  efficiency  as  it  is  in  the  case  of  sera. 

With  regard  to  the  keeping  qualities  of  vaccines  considerable  difference  of 
opinion  exists,  this  being  partly  due  to  the  fact  that  vaccines  prepared  in  some 
ways  keep  much  better  than  those  prepared  in  others.  Thus  it  has  been  stated 
that  typhoid  vaccine  prepared  in  broth,  with  0-3  per  cent  lysol  added,  is 
practically  useless  three  months  after  preparation,  the  statement  being  founded 
on  the  result  of  experiments  on  agglutinin  production  in  rabbits.  During  the 
war,  owing  to  the  exigencies  of  the  service,  much  of  the  vaccine  used  was  at 
least  six  months  old  before  being  employed  and  yet  protection  has  been  just 
as  evident  following  the  use  of  these  vaccines  as  after  inoculation  with  a  younger 
vaccine,  and  agglutinin  production  has  been  good,  although  not  so  good  as  after 
inoculation  with  fresh  vaccines.  Further  recent  experimental  work  on  man 
and  rabbits  has  clearly  shown  that  typhoid  vaccines,  as  prepared  for  the  army, 
still  retain  their  power  of  producing  antibodies  in  the  blood  one  year  after 
preparation.  Indeed  one  sample  of  vaccine  which  was  14  years  old  produced 
antibodies  in  the  blood  of  rabbits. 

It  must  be  remembered  that  agglutinins  are  rather  an  evidence  of  previous 
infection  or  inoculation  than  of  immunity,  and  that  the  immunity  after  an 
attack  of  enteric  fever  is  cellular  rather  than  humoral  and  lasts  long  after 
agglutinins  have  disappeared  from  the  blood.  More  work  requires  to  be  done 
on  this  subject,  one  interesting  point  being  to  find  out  how  long  after  a  dose 
of  typhoid  vaccine,  in  the  absence  of  any  residual  agglutinin,  a  second  dose 
would  cause  an  accelerated  and  exaggerated  response. 

It  is  probable  that  for  general  prophylactic  uses  a  tyjfiioid  vaccine  which 
has  been  grown  in  broth  is  at  its  optimum,  as  regards  production  of  antibody, 
when  about  one  to  three  months  old,  and  if  small  bodies  of  men  are  concerned 
there  is  no  reason  why  vaccines  of  this  age  should  not  be  employed. 

THE  DISEASES  IN  WHICH  VACCINES  HAVE  BEEN  USED. 

(1)  Prophylactically :  Cholera,  dysentery,  influenza,  plague,  pneumonia, 
typhoid,  paratyphoid,  undulant  fever. 

(2)  Therapeutically  :  Acne,  boils,  broncho-pneumonia,  cystitis,  dysentery, 
gonorrhoea,  pneumonia,  septicaemia,  skin  diseases,  sprue,  cerebrospinal  menin¬ 
gitis,  rheumatic  fever,  typhoid,  tuberculosis,  undulant  fever,  abscess,  and  other 
suppurative  conditions,  septic  wounds,  bronchitis,  asthma,  hay  fever. 

It  will  be  noticed  that  in  this  list  only  one  purely  tropical  disease,  sprue, 
is  included,  although  all  are  diseases  which  are  commonly  met  with  in  the 
tropics,  and  some  indeed,  such  as  plague  and  cholera,  are  nowadays  practically 
confined  to  tropical  regions. 

With  regard  to  prophylaxis  in  typhoid  fever  a  good  deal  has  already  been 
said,  but  it  should  be  remembered  that  there  are  distinct  races  of  B.  typhosus , 
and  therefore  every  country  and  district  should  be  studied  from  this  point  of 
view,  vaccines  being  prepared  from  local  strains  if  necessary,  although  it  is  not 
every  recently  isolated  strain  of  this  organism  that  is  a  good  antibody  producer, 
and  as  already  mentioned,  a  single  strain  of  B.  typhosus ,  at  present  used  in  the 
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British  Army  vaccine,  has  shown  itself  capable  of  protecting  men  against  local 
strains  in  a  great  many  different  countries — this  strain  was  from  an  Indian 
source  originally. 

Local  strains  should  be  studied  with  a  view  to  establishing  their  serological 
identity  and  antigenic  power  in  man  and  animals,  and  the  optimum  dose  should 
also  be  worked  out  on  man.  If  persons  are  inoculated  at  home  before  proceeding 
overseas,  a  vaccine  prepared  from  some  well-tried  and  proved  strain  should 
be  employed.,  in  doses  of  2,000  million  per  c.e.,  divided  into  two  doses  of  0-5 
and  1  c.c. 

Individual  protection  against  paratyphoid  bacilli  before  proceeding  abroad 
is  not  necessary  unless  it  is  known  that  the  person  is  going  to  some  station 
where  paratyphoid  is  prevalent ;  if  such  prevalence  is  known,  then  the  type 
of  bacillus  required  should  be  added  to  the  vaccine,  the  total  bacillary  dose 
remaining  the  same. 

The  immunity  following  such  a  dose  of  B.  typhosus  should  protect  for  at 
least  one  year  and  a  half ;  if  the  seasonal  incidence  in  the  district  under  con¬ 
sideration  is  well  marked,  a  single  dose  of  1,000  million  bacilli  should  be  given 
about  six  weeks  before  the  occurrence  of  the  second  enteric  season. 

With  regard  to  the  treatment  of  typhoid  fever  by  vaccines  some  very  interesting 
facts  have  recently  been  placed  on  record  (Vol.  II).  It  is  now  well  established 
that  vaccines  have  two  separate  and  distinct  actions.  The  one  specific,  resulting 
in  the  formation  of  antibodies  for  the  germ  employed,  such  antibodies  not 
being  demonstrable  for  some  days  after  the  injection.  The  second  non-specific 
and  immediate.  It  is  certain  that  the  first  or  specific  reaction  is  the  one  that 
matters  in  prophylaxis,  whereas  the  latter  or  non-specific  is  probably  the  more 
important  factor  in  vaccine  therapy,  especially  in  acute  diseases  ;  on  the  other 
hand,  both  have  their  function  in  the  treatment  of  chronic  bacterial  infections. 

Protein-shock  therapy.  If  a  dose  of  100  million  B.  typhosus  vaccine  be 
administered  intravenously  to  a  case  of  typhoid  fever,  the  following  reaction 
may  occur  within  a  few  hours,  rigors  which  may  be  severe  and  last  for  some 
time,  a  rise  of  temperature,  polynuclear  leucocytosis,  followed  by  fall  of  tem¬ 
perature  and  profuse  sweating.  This  fall  of  temperature  may  be  critical  without 
further  rise,  and  convalescence  may  then  commence,  or  the  amelioration  may 
be  only  temporary,  in  which  case  a  second  intravenous  dose  of  the  bacillary 
protein  may  determine  a  cure.  The  interesting  point  is  that  the  same  train 
of  symptoms  may  be  brought  about  in  typhoid  fever  by  injections  of  20  million 
B.  coli  vaccine,  a  dose  of  chicken  serum  intravenously  or  proteose,  and  even  by 
intramuscular  injections  of  boiled  milk.  Another  point,  referred  to  later,  is 
that  intravenous  injections  of  typhoid  vaccine  (100  million  bacilli)  will  cause 
similar  reactions,  and  on  occasions  dramatic  cures  in  quite  other  diseases, 
e.  g.  arthritis,  due  to  the  gonococcus  or  dysentery  bacilli.  For  gonorrhoeal 
arthritis  the  vaccine  advised  is  the  T.A.B.  vaccine  containing  180  millions 
per  c.c.  Injections  should  be  made  on  alternate  days  (first  dose,  0-5  c.c.  ; 
subsequent  doses,  10  c.c.),  prostatic  massage  being  carried  out  at  the 
same  time. 

To  obtain  success  in  the  vaccine  treatment  of  typhoid  fever  it  is  necessary 
to  select  the  cases  carefully,  and  early  cases  which  show  evidence  of  antibody 
formation  are  the  most  suitable.  Late  toxic  cases,  which  show  evidence  of 
going  down  hill,  as  judged  by  the  agglutinin  and  opsonin  content  of  their  serum, 
should  not  be  treated  by  the  intravenous  method,  although  small  doses,  50  to 
100  million,  of  vaccines  prepared  from  agar  cultures,  and  injected  subcutaneously , 
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would  certainly  do  no  harm,  and  will  do  good  if  the  patient  can  be  tided  over 
a  day  or  two. 

Various  theories  to  explain  this  allergic  reaction,  or  shock  therapy,  as  it 
has  been  called,  have  been  put  forward.  Kolmer  suggests  that  the  reaction  to 
the  foreign  protein  causes  changes  in  the  tissue  cells,  especially  of  the  spleen, 
lymph  nodes,  &c.,  and  in  the  blood,  and  also  causes  fluctuations  in  the  ferment 
antiferment  balance.  During  the  protein  shock  condition  there  is  excess  of 
proteose  over  antiferment.  This  favours  proteolytic  activity,  which  hydrolizes 
the  toxic  bacterial  products  to  their  lowest  non-toxic  forms. 

The  good  results  of  protein-shock  therapy  should  not  be  ascribed  to  any  one 
alteration  in  the  reacting  organism,  but  to  a  series  of  factors,  namely,  antibody 
and  ferment  changes  in  the  serum,  leucocytosis,  fever,  an  increased  flow  of  lymph 
and  the  cellular  changes  which  are  no  doubt  important  though  as  yet  intangible. 

Wright  also  has  drawn  attention  to  a  similar  phenomenon  in  vitro  ;  he 
added  some  staphylococcus  vaccine  to  a  test  tube  of  citrated  blood,  and  in  a  few 
minutes  thereafter  was  able  to  demonstrate  an  increase  of  bacterio-lysins  in 
the  blood,  not  only  for  staphylococcus,  but  also  for  streptococcus.  He  suggests 
that  as  the  result  of  the  addition  of  the  vaccine  white  blood  cells  are  broken 
down,  so  that  preformed  antibacterial  substances  are  set  free  and  thus  rendered 
demonstrable. 

It  is  therefore  apparent  that  with  a  bottle  of  B.  typhosus  vaccine  we  can  not 
only  protect  against  a  future  specific  infection,  but  are  in  possession  of  a  powerful 
therapeutic  agent  for  other  diseases  as  well.  Gay  strongly  recommends  the 
use  of  sensitized  alcohol-killed  typhoid  vaccines  for  treatment  of  typhoid,  intra¬ 
venous  doses  not  exceeding  150  millions  being  given. 

In  no  other  bacterial  disease  has  prophylaxis,  by  means  of  vaccines,  been 
such  a  triumphant  success  as  in  typhoid  fever,  even  the  paratyphoid  vaccines 
have  not  proved  so  efficacious,  one  fundamental  reason  being  that  B.  typhosus 
is  a  first-rate  antigen.  However,  in  cholera,  plague,  and  dysentery,  prophylactic 
vaccine  undoubtedly  has  its  place.  With  regard  to  cholera  prophylaxis  a  vaccine 
grown  on  agar  1,  and  killed  by  carbolic  acid  has  been  utilized  during  the  war, 
and  very  large  numbers  of  men  have  been  inoculated  with  it.  The  dose  of 
this  vaccine  has  been  8,000  million  vibrios  per  c.c.,  and  doses  of  10,000  million 
have  also  been  used.  The  duration  of  immunity  conferred  by  this  vaccine 
is  certainly  not  more  than  nine  months,  so  that  it  is  wise  to  reinoculate  before 
the  cholera  season  each  year,  or  if  cholera  is  met  with  at  all  seasons,  inoculation 
should  be  repeated  once  a  year.  The  total  dose  is  15,000  million  vibrios  divided 
into  two  injections  of  5,000  and  10,000  million  vibrios  given  with  an  interval 
of  eight  to  ten  days.  The  reactions  noted  after  such  doses  have  been  very  slight, 
and  practically  confined  to  some  redness  and  swelling  at  the  site  of  inoculation. 
Such  inoculations  should  invariably  be  subcutaneous,  and  either  into  the  outer 
and  back  part  of  the  upper  arm  or  just  below  the  clavicle. 

Plague  vaccine.  Haffkine’s  original  method  of  preparation  consisted  in 
growing  the  bacillus  in  large  flasks  of  broth  ;  a  film  of  sterile  oil  was  run  over 
the  surface  of  the  broth  :  from  this  4  stalactite  ’  growths  took  place,  the  clumps 
of  bacilli  eventually  falling  to  the  bottom  of  the  flask.  The  time  allowed  for 
incubation  was  six  weeks.  The  bacilli  were  killed  by  heating  to  65°  C.  for  one 
hour.  The  dose  was  3  c.c.  in  a  single  dose.  The  local  reaction  was  severe,  but 
good  statistical  evidence  of  protection  has  been  obtained. 

During  the  war  plague  vaccine  was  largely  used,  and  big  reserves  were 
kept  at  hand  for  emergencies.  This  vaccine  was  grown  on  agar  in  Roux  bottles 
1  1  per  cent  peptone  (Chapoteau)  agar  without  beef  broth. 
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— 3  days’  growth  at  28°  C.  The  growth  was  then  washed  off  in  0-5  per  cent 
carbolized  saline  (no  heat  employed),  and  standardized  by  counting  in  the 
hasmocytometer.  The  emulsion  was  diluted  to  contain  3,000  million  bacilli 
per  c.c.,  two  doses  being  given,  the  first  of  0-5  c.c.  and  the  second  of  1  c.c.,  at 
an  interval  of  ten  days. 

The  inoculum  for  the  Roux  bottles  is  grown  in  serum  broth  in  a  small  flask 
fitted  with  a  hooded  pipette  and  cotton  wool-plugged  tube. 

With  this  vaccine,  as,  indeed,  with  all  vaccines  prepared  on  a  large  scale, 
very  careful  tests  for  sterility  are  necessary  at  all  stages  of  manufacture. 

Bacillary  dysentery  prophylactic  vaccination  is  still  on  its  trial,  but  the 
dysentery  bacilli  are  certainly  not  as  good  antigens  as  is  B.  typhosus,  and 
therefore  the  same  dramatic  success  cannot  be  expected  from  their  use.  Also 
an  antitoxic  and  antibacterial  immunity  is  necessary  to  combat  infection  with 
Shiga’s  bacillus,  thus  any  attempt  to  detoxicate  the  bacillus  may  result  in 
failure  to  protect.  As  already  stated,  Gibson’s  sero-vaccine  has  been  used  in 
France,  Egypt,  and  Salonika,  and  evidence  of  protection  by  means  of  this 
vaccine  has  been  accumulated.  It  is  not  easy  to  say  for  how  long  such  protection 
lasts,  but  it  is  certainly  not  for  more  than  six  months.  Work  on  this  vaccine 
is  still  in  progress,  and  it  is  hoped  to  adjust  the  toxin  antitoxin  balance,  so  that 
still  better  results  may  be  looked  for  from  its  use  in  the  future.1 

The  lipo-vaccines  should  certainly  have  their  place  in  the  prophylaxis  of 
dysentery,  but  so  far  they  have  neither  been  prepared  nor  utilized  on  a  large 
scale,  and  until  that  has  been  done  an  opinion  as  to  their  value  cannot  be  ex¬ 
pressed,  at  the  same  time  it  may  be  said  that  by  means  of  the  oily  excipient, 
a  single  dose  of  2,000  to  4,000  million  B.  dysenterice  Shiga  may  be  administered 
without  severe  reaction,  but  with  the  production  of  antibody  in  the  serum  of 
the  inoculated  person. 

Vaccine  treatment  of  bacillary  dysentery.  Vaccine  therapy  has  little  scope 
in  acute  toxic  cases,  where  serum  therapy  is  indicated,  but  in  the  subacute  or 
chronic  cases  sero-vaccines  have  been  emplo}^ed  with  success.  The  dose  of  the 
serum,  0-25  c.c.,  should  be  the  same  as  that  employed  when  sero-vaccines  are 
used  for  prophylaxis,  but  the  dose  of  bacteria  should  at  first  be  reduced  by 
diluting  the  vaccine  1  in  5  with  sterile  saline,  and  giving  0-25  c.c.  of  this  diluted 
vaccine  mixed  with  the  serum.  Such  a  dose  may  be  given  daily  for  four  days, 
and  may  be  increased  cautiously  in  accordance  with  the  clinical  indications  as 
evidenced  by  reaction  and  response. 

Sensitized  vaccines  prepared  as  indicated  in  the  previous  section  have  also 
been  used  with  success  in  the  treatment  of  bacillary  dysentery.  Doses  of  50 
to  100  million  bacilli  should  be  given  by  the  subcutaneous  route,  but  similar 
doses  might  also  be  tried  intravenously. 

In  chronic  cases  of  Shiga  dysentery,  where  there  is  evidence  of  antibody 
production,  doses  of  200  to  300  million  unsensitized  bacilli  have  been  given 
subcutaneously  without  excessive  reaction,  and  have  been  proved  of  benefit, 
or  the  unsensitized  vaccine  may  be  preceded  by  a  dose  of  50  million  sensitized 
vaccine. 

Sprue  has  been  treated  successfully  with  two  forms  of  vaccine.  Rogers  of 
Calcutta  reports  a  series  of  cases  treated  by  means  of  streptococcal  vaccines 
prepared  from  strains  of  streptococci  isolated  from  the  tongues  of  sprue  cases. 
These  vaccines  were  killed  by  heat  at  56°  C.  for  one  hour,  then  carbolized, 
and  put  up  in  a  strength  of  100  million  cocci  per  c.c.  A  dose  of  0-5  c.c.  is  given 

1  Further  research  has  shown  that  this  vaccine  cannot  be  prepared  consistently  on  a  large 
sca'ie.  its  issue  therefore  has  been  discontinued  by  the  army  authorities  for  the  present. 
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subcutaneously  followed  by  further  injections  rising  gradually  to  2  c.c.,  at 
intervals  of  five  to  ten  days,  the  course  of  treatment  being  continued  for  three 
to  six  months. 

In  view  of  Ashford’s  findings  of  a  Monilia  in  sprue,  vaccines  prepared  from 
such  organisms  have  been  employed  in  treatment.  This  yeast-like  organism 
can  be  isolated  from  the  tongue  or  stools  on  Sabouraud’s  4  per  cent  glucose  agar 
of  +2  acidity,  when  it  gives  a  greenish  creamy  growth  and  produces  mycelial 
elements  ;  in  gelatin  it  gives  a  typical  ‘  inverted  pine  tree  ’  growth  and  it 
always  ferments  maltose.  The  difficulty  in  preparing  a  monilia  vaccine  is  that 
if  a  degree  of  heat  sufficient  to  kill  the  organism  be  used,  its  antigenic  power 
is  destroyed.  This  difficulty  may  be  overcome  by  first  drying  the  growth  over 
sulphuric  acid  and  then  heating  to  100°  C.  for  two  hours.  By  this  means  the 
vaccine  is  sterilized,  but  the  antigenic  power  is  not  diminished.  One  ‘  normal  ’ 
loop  of  the  dried  antigen  is  emulsified  in  2  c.c.  carbolized  (0-5  per  cent)  saline 
and  the  dose  is  -^o  of  a  loopful,  i.  e.  0T  c.c. 

Hay  fever,  vaccine  treatment.  Hay  fever  is  a  condition  of  hyper-sensitive¬ 
ness  to  the  pollen  of  certain  grasses  and  flowers.  Before  commencing  treatment 
or  prophylaxis  of  an  individual,  it  is  necessary  to  determine  the  particular 
pollen  to  which  he  is  sensitive.  This  susceptibility  may  be  demonstrated  by 
an  intradermal  or  ophthalmic  test,  using  watery  extracts  of  the  various  pollens. 
The  pollen  toxin  is  extracted  by  distilled  water,  aided  by  alternate  freezing 
and  thawing ;  50  c.c.  of  water  being  used  to  extract  1  grm.  of  pollen.  The  extract  s 
are  then  boiled  for  ten  minutes  to  sterilize  them.  One  drop  of  the  1  in  5,000 
dilution  of  the  above  extract  will  produce  a  distinct  reaction  if  placed  in  the 
conjunctival  sac  of  a  susceptible  person.  An  arbitrary  unit  is  the  amount  of 
toxin  contained  in  1  c.c.  of  a  one  million  dilution  of  such  an  extract. 

Treatment  or  prophylaxis  should  be  commenced  with  small  doses,  5  to  10 
units  and  doses  may  be  given  every  four  days,  increasing  the  interval  to  10  days 
with  the  larger  doses. 

So  far  as  British  grasses  are  concerned  the  toxin  of  the  Timothy  grass 
(Phleum  pratense)  is  most  potent,  and  treatment  with  this  extract  apparently 
covers  most  forms  of  hay  fever  ;  but  in  other  countries  it  would  be  necessary  to 
investigate  the  question  for  each  particular  part  of  the  globe. 


Table  of  Doses  in  Treatment  of  Bacterial  Infections 
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Typhoid  fever 
(Sensitized) 
Dysentery 
(Sensitized) 
Undulant  fever 
Boils 

Pneumonia 
(Sensitized) 
Broncho-pneumonia 
Streptococcal  infec¬ 
tions 

(Sensitized) 
Tuberculin  T. 
P.T.O. 


Intravenous . 

50  million 
100  „ 

20  „ 

50 
100 
nil 
nil 

20  million 
nil 


55 

55 


nil 

nil 

nil 

nil 
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nil 


Subcutaneous. 


200  million 


300 

55 

increasing  gradually  to  1000  million 

20 

55 

55 

55 

500  million 

100 

55 

5  5 

55 

500 

55 

50 

55 

5  5 

55 

1000 

55 

200 

55 

55 

5  5 

1000 

55 

50 

55 

55 

55 

2000 

55 

200 

55 

55 

55 

2000 

55 

200 

55 

5  5 

55 

1000 

55 

5 

55 

55 

55 

200 

55 

50 

55 

55 

5  5 

500 

55 

0*2  c.mm. 

55 

55 

100  c.mm. 

0-2  c.mm.  0-75,1,  1*5,  2,  2-5,  3,  4,  6,  8,  10  up  to 
50  c.mm. 

0*0002  increasing  gradually  to  1000  c.mm. 


Success  does  not  always  follow  increase  of  dose  ;  occasionally  it  may  be  found,  as  in  undulant 
fever,  that  after  a  series  of  large  doses  (500  million,  &c.),  a  single  dose  of  10  million  may  meet 
with  success. 
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As  watery  extracts  deteriorate  rapidly  on  keeping,  fresh  solutions  should 
invariably  be  used,  or  an  extract  of  the  pollen  grains  in  salt  solution  may  be 
prepared  by  precipitation  with  acetone,  the  dried  precipitate  being  collected 
and  preserved  for  a  vaccine. 

For  use,  this  precipitate  is  dissolved  in  salt  solution,  sterilized  by  filtration, 
and  so  diluted  that  the  initial  dose  will  contain  0  0025  mgm.  of  protein.  Such 
dried  preparations  retain  their  potency  for  many  months. 

As  regards  dosage  of  vaccines  for  treatment  of  bacterial  diseases  several 
factors  must  be  considered  :  (1)  the  age  of  the  culture,  i.  e.  whether  recently 
isolated  or  not  ;  (2)  the  method  employed  to  enumerate  the  emulsion  ;  (3)  the 
method  employed  to  grow  the  bacteria,  i.  e.  whether  in  broth  or  on  agar,  on 
blood  agar,  &c.  ;  (4)  whether  the  patient  is  at  the  moment  suffering  from 
disease  or  has  previously  suffered  from  the  same  disease.  The  exact  significance 
of  each  has  already  been  discussed  earlier  in  this  chapter. 

TUBERCULIN. 

It  is  not  proposed  to  describe  the  methods  of  preparation  of  the  various 
tuberculins,  which  are  really  of  the  nature  of  vaccines,  but  a  list  of  some  of  them 
is  appended,  with  information  as  to  dilution,  dosage,  and  methods  of  use  for 
purposes  of  diagnosis  and  treatment. 

Tuberculins  may  be  divided  into  two  classes  :  (1)  the  extracts  not  containing 
any  bacillary  body  but  containing  products  of  growth,  and  the  medium  in 
which  the  bacilli  have  been  grown,  examples  of  these  are  T.,  T.O.A.,  and  P.T.O.  ; 
and  (2)  the  true  vaccines  containing  the  bacillary  bodies,  products  of  growth, 
and  the  products  resulting  from  the  breaking  down  of  the  bacilli  during  the 
period  of  incubation,  examples  of  these  are  T.R.,  P.T.R.,  and  T.B.E.  One 
advantage  of  the  latter  group  is  that  they  retain  their  potency  in  high  dilutions 
for  a  much  longer  period  than  do  the  extracts.  The  following  are  the  forms  of 
tuberculin  commonly  employed  : 

1.  Old  tuberculin — T.A.  (Tuberculin  Alt),  or  better  simply  T.  ;  consists  of 
a  glycerin  broth  culture  of  the  tubercle  bacillus  which  has  been  concentrated 
over  steam  to  one-tenth  of  its  bulk  and  then  refiltered. 

2.  P.T.  (Perlsucht  Tuberculin)  is  prepared  from  the  bovine  bacillus  in 
a  similar  manner  to  the  above. 

3.  T.A.F.  (Albumose  Free  Tuberculin),  similar  to  old  tuberculin  T.,  but 
grown  in  protein  free  medium. 

4.  T.O.A.  (Tuberculin  Original  Alt),  similar  to  T.,  but  not  heated  or 
concentrated  though  filtered. 

5.  P.T.O.  (Perlsucht  Tuberculin  Original),  the  bovine  bacillus  preparation 
corresponding  to  T.O.A. 

6.  T.O.  (Tuberculin  Oberer)  is  the  upper  part  of  an  aqueous  centrifugalized 
extract  of  tubercle  bacilli,  either  human  or  bovine. 

7.  T.R.  (Tuberculin  Ruchstand),  insoluble  lower  part  of  No.  6  in  glycerinated 
saline. 

8.  P.T.R.,  the  bovine  bacillus  preparation  corresponding  to  T.R. 

9.  T.B.E.  (Bacillary  Emulsion),  a  true  vaccine  in  the  ordinary  sense, 
being  a  glycerin  water  emulsion  of  the  triturated  bacilli  and  containing  entire 
bacterial  body. 

10.  P. T.B.E.  (Perlsucht  Bacillary  Emulsion),  bovine  bacillus  as  No.  9. 

»  11.  Sensitized  vaccine. 
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For  dosage  and  in  making  dilutions  the  system  of  taking  1  c.mm.  as  the  unit, 
as  suggested  by  Bandelier,  Riviere,  and  by  Sprawson  in  his  book,  is  both  con¬ 
venient  and  simple.  Take  six  sterile  rubber-capped  bottles,  each  containing  9  c.c. 
of  carbolized  (0-5  per  cent)  saline  ;  to  No.  1  add,  by  means  of  a  syringe  graduated 
to  0  1  of  1  c.c.,  1  c.c.  of  the  old  tuberculin  or  P.T.O.  and  mix  thoroughly,  then  take 
1  c.c.  from  No.  1  and  add  to  No.  2,  and  so  on  for  the  whole  series.  This  will  give 
dilutions  of  1  in  10,  1  in  100,  1  in  1,000,  up  to  1  in  10,000,000  in  bottle  No.  /. 


Each  c.c. 

of  No.  1  will  contain 

9  9 

2 

9  9 

9  9 

9  9 

„  3 

9  9 

9  9 

9  9 

„  4 

9  9 

99 

9  9 

„  5 

9  9 

9  9 

9  9 

,,  6 

9  9 

9  9 

9  9 

7 

9  9 

9  9 

100 

c.mm.  P.T.O. 

10 

„  P.T.O. 

1 

„  P.T.O. 

0  1 

„  P.T.O. 

0  01 

„  P.T.O. 

0  001 

„  P.T.O. 

00001 

„  P.T.O. 

A  more  economical  method  is  to  proceed  at  once  to  make  the  1  in  100  dilu¬ 
tion  ;  this  may  be  done  by  taking  a  bottle  containing  10  c.c.  sterile  carbolized 
saline,  withdrawing  from  it  by  means  oi  the  syringe  0T  c.c.,  and  replacing 
this  with  0T  c.c.  of  tuberculin,  thus  making  a  1  in  100  dilution.  1  urther  dilutions 
can  be  made  from  this  first  bottle  by  taking  1  c.c.  and  adding  it  to  9  c.e.  sterile 


carbolized  saline  and  so  on. 


Doses  of  Tuberculin  in  c.mm. 


Pure 

tuber¬ 

culin. 

I 

1 

II 

1 

* 

1 

III 

1 

Dilutions . 

IV  V 

1  1 

VI 

1 

VII 

1 

10 

100 

500 

1,000 

10,000 

100,000 

1 ,000,000 

10,000,000 

1 

c.c. 

contains 

1,000 

100 

10 

2 

1 

0-1 

0-01 

0-001 

0-0001 

0-9 

900 

90 

9 

1-8 

0-9 

(1-09 

0  009 

00009 

000009 

0-8 

800 

80 

8 

1*6 

0*8 

008 

0  008 

00008 

0-00008 

0-7 

700 

70 

7 

1-4 

0-7 

007 

0  007 

00007 

0-00007 

0-6 

600 

60 

6 

1-2 

0-6 

0-06 

0-006 

00006 

0-00006 

0-5 

500 

50 

5 

1-0 

0-5 

0-05 

0.005 

0-0005 

0-00005 

0-4 

400 

40 

4 

0-8 

0-4 

0-04 

0-004 

0-0004 

0-00004 

0-3 

300 

30 

3 

0-6 

0-3 

003 

0-003 

0-0003 

0-00003 

0-2 

200 

20 

2 

0-4 

0-2 

0-02 

0  002 

0-0002 

0-00002 

0-15 

99 

150 

15 

1-5 

0-3 

0-15 

0-015 

0-0015 

0-00015 

0-000015 

0-1 

9  9 

99 

100 

10 

1 

0-2 

0-1 

0-01 

0-001 

0-0001 

0-00001 

0-05 

99 

99 

0-1 

*  This  dilution  is  made  by  the  addition  of  2  c.c.  to  8  c.c.  saline. 


As  P.T.O.  is  about  the  strength  of  T.,  dilutions  of  P.T.O.  beyond  1  in  500 
are  not  as  a  rule  necessary,  also  higher  dilutions  only  keep  their  potency  for 
about  ten  days. 

Tuberculin  diagnosis.  Von  Pirquet’s  test.  Cleanse  the  skin  gently  with 
warm  water  and  soap,  followed  by  alcohol  and  ether  ;  scarify  three  small  areas 
of  the  skin,  about  two  inches  apart,  without  drawing  blood  if  possible.  On  two 
of  the  areas  a  drop  of  tuberculin  is  placed,  on  the  third  a  drop  of  sterile  car¬ 
bolized  saline,  undiluted  old  tuberculin  is  generally  employed.  Allow  the 
tuberculin  to  remain  untouched  for  at  least  five  minutes,  then  wipe  away  the 
excess  with  absorbent  cotton  wool. 

The  test  areas  are  inspected  at  the  end  of  24  hours.  An  area  of  redness  at 
least  5  mm.  wider  than  that  around  the  control  area  may  be  taken  as  indicating 
a  positive  reaction.  The  reaction  begins  to  appear  in  five  to  six  hours,  and 
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reaches  its  maximum  intensity  in  24  to  48  hours,  it  then  fades  quickly,  but 
infiltration,  if  present,  may  remain  for  some  days. 

Subcutaneous  test.  Old  tuberculin  is  almost  invariably  used.  If  one  dose 
only  is  given  1  c.mm.  is  injected,  i.  e.  OT  c.c.  of  the  1  in  100  dilution  ;  if  a  series 
of  doses,  0-2  c.mm.,  1  c.mm.,  5  c.mm.,  10  c.mm.  in  succession,  at  intervals  of 
48  hours  if  no  reaction  results. 

As  pointed  out  in  the  article  on  Tuberculosis  (Vol.  II),  if  one  is  working  with 
coloured  races  who  have  been  little  exposed  to  tubercle  infection,  and  who  may 
possibly  be  in  the  incipient  stage  of  the  disease,  even  much  smaller  doses  may 
give  rise  to  smart  reactions.  If  no  reaction  follows  the  administration  of  the 
above  series  of  doses  active  tubercle  may  be  excluded. 

The  reactions  to  be  expected  are  local,  focal,  and  general. 

The  local  reaction  is  very  delicate,  and  consists  of  redness  and  pain  at 
the  site  of  injection,  at  the  needle  puncture,  and  along  the  track  of  the  needle. 

The  focal  reaction  is  the  result  of  hypersemia  at  the  site  of  infection,  and 
may  be  evidenced  by  an  increased  amount  of  sputum,  additional  moist  sounds 
in  the  chest,  cough,  &c.,  or  by  redness  and  increase  in  size  of  lymphatic  glands  ; 
or  pain  and  swelling  of  affected  joints. 

The  general  reaction  consists  of  a  rise  in  temperature  of  at  least  1°  F. 
This  rise  of  temperature  should  occur  within  24  hours  of  the  dose  of  tuberculin, 
should  be  abrupt  and  followed  by  a  gradual  fall  to  the  original  level.  An 
important  diagnostic  point  is  an  initial  fall  in  weight  followed  by  an  increase 
with  a  general  feeling  of  well  being. 

This  subcutaneous  test  should  be  used  principally  for  afebrile  cases  with 
only  indefinite  physical  signs. 

Tuberculin  treatment.  A  reference  to  the  table  on  p.  652,  which  is  taken 
from  Cochrane  and  Sprawson’s  recent  book,  will  give  at  a  glance  the  amount 
of  any  possible  dose  or  combination  of  doses.  Thus,  if  we  wish  to  commence 
the  treatment  of  a  case  of  glandular  tubercle,  and  a  dose  of  0-2  c.mm.  P.T.O. 
is  determined  upon,  then  0T  c.c.,  or  one  division  of  the  syringe,  of  the  1  in  500 
dilution  will  contain  this  amount,  also  if  this  dilution  is  employed  doses  up  to 
2  c.mm.  can  be  given,  this  latter  dose  being  contained  in  a  syringeful  or  1  c.c. 
The  usual  doses  recommended  for  the  treatment  of  pulmonary  tuberculosis  are 
shown  in  the  table  on  p.  650 ;  it  is  well,  however,  to  begin  with  even  smaller 
doses  when  working  among  peoples  whose  immunity  to  the  disease  is  slight. 

Local  tuberculosis.  Cases  of  tuberculous  glands  in  the  neck  of  recent  origin 
should  be  given  doses  of  0T  or  0-2  c.mm.  P.T.O.  ;  if  little  or  no  reaction  occurs 
the  dose  is  increased  after  a  week  to  0-5  c.mm.  P.T.O.  ;  if  there  is  considerable 
reaction,  followed  by  improvement,  repeat  the  same  dose  (0-2  c.mm.)  a  week 
or  ten  days  later. 

In  cases  of  a  more  chronic  nature  larger  doses  may  be  necessary,  or  if  no 
focal  reaction  results  from  doses  of  1  c.mm.  P.T.O.,  recourse  may  be  had  to 
doses  of  T.A.,  0-2  or  0-5  c.mm.,  or  to  0T  c.mm.  T.B.E.  A  focal  reaction  without 
a  general  reaction  is  what  is  to  be  desired. 

In  enlargement  of  mediastinal  glands  the  administration  of  tuberculin  is 
not  advisable,  as  if  the  glands  break  down  as  a  result  surgical  treatment  is 
*  exceedingly  difficult. 

In  diseases  of  bones  and  joints  tuberculin  is  of  great  use  in  conjunction 
with  surgical  treatment,  and  if  secondary  infection  has  taken  place  may  be 
employed  together  with  vaccines  prepared  from  such  secondary  invaders. 
Doses  :  0-2  to  0-5  c.mm.  P.T.O.  at  weekly  intervals. 

t 


654 


LABORATORY  METHODS 


CHAPTER  32 


TRANSFUSION  OF  BLOOD 

(Bv  Permission  of  the  American  Bed  Cross  Society  in  France.) 

The  paraffined  tube  method  and  the  method  of  preserved  red  cells  (Robertson) 
have  certain  advantages,  but  the  method  by  citrated  blood  is  recommended 
for  general  use.  This  method  is  the  easiest  to  perform,  requires  less  equip¬ 
ment,  seldom  necessitates  an  incision  over  the  vein,  and  therefore  both  to 
donor  and  recipient  is  a  less  formidable  procedure.  Furthermore  it  has 
yielded  good  results.  Any  disadvantages  it  may  have,  such  as  the  use  of 

a  chemical  reagent  and  a  possible 
diminution  in  the  coagulability  of 
the  recipient’s  blood  are  virtually 
negligible. 

The  principles  of  the  citrate 
method  are  briefly  as  follows  : 

Blood  is  aspirated  from  the  vein 
of  the  donor  through  a  needle  and 
tube,  into  a  bottle  containing  sodium 
citrate,  which  renders  the  blood  in¬ 
coagulable  and  permits  it  to  be 
introduced  through  a  needle  into  the 
vein  of  the  recipient. 

METHOD  BY  CITRATED  BLOOD. 

1.  Description  of  apparatus.  The 

only  apparatus  required  for  this 
method  is  a  litre  bottle  provided 
with  two  rubber  stoppers  having 
two  perforations,  appropriate  glass 
and  rubber  tubing,  and  two  trans¬ 
fusion  needles. 

2.  Preparation  and  sterilization  of 
apparatus.  The  bottle  E  (fig.  281),  the  stoppers,  and  tubing  are  wrapped  in  a 
towel  and  sterilized  in  an  autoclave.  Prepared  in  this  way,  the  apparatus  may  be 
kept  sterile  and  ready  for  immediate  use.  If  an  autoclave  is  not  available,  the 
apparatus  should  be  sterilized  by  boiling.  The  needles  are  sterilized  by  boiling 
just  before  the  transfusion.  A  tube  of  sodium  citrate  is  broken  off  at  the  file  mark, 
the  opened  end  flamed,  and  the  contents  poured  into  the  bottle  E.  Normal  saline 
solution,  0-9  per  cent,  is  then  added  up  to  100  c.c.  The  apparatus  is  then 
assembled  so  that  the  rubber  stopper  fits  snugly  into  the  mouth  of  the  bottle. 

3.  Method  of  collecting  blood  from  donor.  A  bandage  or  tourniquet  is 
placed  about  the  arm  just  tightly  enough  to  obtain  the  maximum  venous 
pressure.  This  can  be  readily  accomplished  by  the  use  of  a  blood-pressure  cuff, 
the  pressure  being  raised  to  about  80  mm.  of  mercury.  The  operative  field  is 
rendered  sterile  by  painting  with  tincture  of  iodine  and  the  operation  should  be 
carried  out  with  the  usual  aseptic  precautions. 


Fig.  281.  A,  transfusion  needle  ;  B,  rubber 
tube  ;  C,  glass  tube  ;  D,  rubber  stopper  ; 
E,  bottle  of  litre  capacity  ;  F,  glass  tube  ; 
G,  rubber  tube  ;  H,  glass  tube  for  suction 
(cotton  in  bulb). 
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The  blood  is  then  taken  by  the  introduction  of  the  needle  A  (fig.  281)  into 
a  convenient  vein,  usually  at  the  flexor  surface  of  the  elbow.  When  the  veins 
are  small  a  better  flow  is  obtained  by  introducing  the  needle  toward  the  wrist. 
The  blood  is  aspirated  into  the  bottle  E  by  exerting  suction  through  the  tube  H 
(fig.  281)  which  is  held  in  the  surgeon’s  mouth.  To  prevent  coagulation  during 
the  collection  of  the  blood  it  is  imperative  that  an  intimate  mixture  be  obtained 
between  the  blood  and  the  citrate.  This  is  accomplished  by  a  circulatory 
movement  of  the  bottle  with  one  hand  while  the  other  hand  steadies  the  needle 
in  the  vein.  The  citrated  blood  does  not  coagulate  and  so  its  introduction  into 
the  recipient  need  not  be  hurried.  Under  ordinary  conditions  the  blood  will  be 


used  immediately,  but  when  occasion  requires,  it  may  be  kept  for  several  hours 
before  introduction. 

Six  hundred  e.c.  of  blood  is  the  limit  to  be  removed,  for  a  donor  may 
lose  this  amount  without  distress.  If  more  blood  is  required  a  second  donor 
must  be  taken.  The  same  donor  must  not  be  used  twice  within  a  single  week. 

4.  Method  of  introducing  the  blood  into  recipient.  The  introduction  is 
accomplished  by  removing  the  first  stopper  D  (fig.  281)  with  its  connexions  and 
putting  stopper  N  (fig.  283)  with  its  connexions  snugly  into  the  mouth  of  the 
.  bottle.  Air  pressure  within  the  bottle  is  increased  by  blowing  through  the  tube 
Q  and  blood  begins  to  rise  in  the  tube  M,  which  forms  one  limb  of  the  syphon 
K,  L,  M.  The  tube  Iv  is  held  high  as  the  blood  passes  into  the  rubber  tube  L, 
and  then  is  gradually  lowered.  When  Iv  is  completely  filled  a  pinch-cock  closes 
the  rubber  tube  L  close  to  the  glass  tube  Iv. 


Fig.  282.  Collection  of  blood  from  donor. 
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A  bandage  or  tourniquet  is  placed  about  the  arm  sufficiently  tight  to  give  the 
maximum  venous  pressure.  The  needle  I  with  rubber  J  attached,  is  then 
introduced  in.the  direction  of  the  venous  stream  into  the  vein  of  the  recipient. 
As  the  blood  begins  to  flow  the  assistant  quickly  removes  the  bandage 
while  the  operator  immediately  connects  the  rubber  tube  J  (fig.  283)  with  the 
glass  tube  K,  the  precaution  being  observed  to  have  both  tubes  filled  with 
blood.  The  bottle  is  then  raised  to  the  full  height  allowed  by  the  rubber  tube 
L,  and  the  blood  enters  the  recipient  by  gravity.  When  the  flow  ceases  the 
needle  is  withdrawn.  A  small  amount  of  blood  will  remain  in  the  bottle  below 
the  level  of  the  glass  tube  M. 

If  the  veins  of  the  recipient  are  very  small  or  collapsed,  an  incision  may  be 
made  and  a  cannula  introduced  into  the  vein. 


5.  Cleansing  the  apparatus  after 
use.  The  apparatus  must  be  cleansed 
with  cold  water  immediately  after 
use.  The  needles  should  thereupon 
be  dried  by  running  first  alcohol  and 
then  ether  through  them,  after  which 
they  should  be  stored  in  test  tubes 
with  a  cotton  plug  in  the  bottom 
and  in  the  mouth  of  the  tube. 

SELECTION  OF  DONORS. 

Our  knowledge  of  the  four  blood 
groups  has  proved  to  have  a  very 
practical  value  in  blood  transfusion. 
Haemolysis  does  not  take  place  be¬ 
tween  individuals  belonging  to  the 
same  blood  group  and  practically 
never  takes  place  between  certain 
definite  combinations  of  different 
groups.  Having  determined  the 
blood  group,  it  is  possible  to  select 
a  donor  whose  blood  is  compatible, 
as  regards  haemolysis,  with  the  blood 
of  the  recipient. 

1.  Blood  groups.  Every  indi- 
vidual  may  be  classified  in  one  of 
four  groups,  according  to  the  agglutinative  reaction  of  his  serum  and  corpuscles 
with  the  sera  and  corpuscles  of  individuals  of  the  three  other  groups.  Haemotysis 
never  occurs  when  agglutination  is  absent  ;  hence  the  agglutinative  reaction 
determines  the  possibility  of  haemolysis. 

The  classification  OF  these  groups  described  by  Moss  is  as  follows  : — 
Group  I.  Serum  agglutinates  no  corpuscles.  Corpuscles  agglutinated  by 
sera  of  Groups  II,  III,  and  IV. 

Group  II.  Serum  agglutinates  corpuscles  of  Groups  I  and  III.  Corpuscles 
agglutinated  by  sera  of  Groups  III  and  IV. 

Group  III.  Serum  agglutinates  corpuscles  of  Groups  I  and  II.  Corpuscles 
agglutinated  by  sera  of  Groups  II  and  IV. 

Group  IV.  iSerum  agglutinates  corpuscles  of  Groups  I,  II,  and  III.  Cor¬ 
puscles  are  not  agglutinated  by  any  serum. 


Fig.  283.  I,  transfusion  needle  ;  J,  rubber 
tube  ;  K,  glass  tube  ;  L,  rubber  tube  ; 
M,  glass  tube  (long  arm  to  reach  within 
5  mm.  of  bottom  of  bottle)  ;  N,  rubber 
stopper  ;  O,  glass  tube  ;  P,  rubber  tube  ; 
Q,  glass  tube  for  exerting  compression 
(cotton  in  bulb). 
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The  incidence  of  the  four  groups  is  approximately  : — Group  I,  5  per 
cent ;  Group  II,  40  per  cent ;  Group  III,  10  per  cent  :  Group  IV,  45  per  cent. 


Fig.  284.  Filling  the  siphon  with  blood  :  beginning  of  the  process. 


The  following  table  shows  the  relation  of  the  four  blood  groups  with 
respect  to  agglutination  : — 


I 

II 

III 

IV 


I 

Serum 

II  III 

IV 

0 

+ 

+ 

+ 

0 

0 

+ 

+ 

0 

+ 

0 

+ 

0 

0 

0 

0 

(  +  =  agglutination.) 


(  0  =  no  agglutination.) 
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2.  Method  of  determining  blood  groups.  In  order  to  determine  the  group 
of  an  individual,  it  is  sufficient  to  test  his  corpuscles  against  known  sera  of 
Groups  II  and  III.  This  is  readily  accomplished  by  a  macroscopic  test  described 
by  Vincent  which,  in  addition  to  the  two  known  sera,  requires  only  a  glass  slide, 
a  needle,  and  two  small  glass  rods. 

The  test  is  performed  as  follows  : — 

Place  a  drop  of  Group  II  serum  on  the  left  half  of  a  glass  slide  (slide  need  not 
be  sterile  but  should  be  clean  and  dry)  and  a  drop  of  Group  III  serum  on  the 


Fig.  285.  Completion  of  the  process. 


right  half  of  the  slide  (fig.  287).  Puncture  the  ear  or  finger  of  the  individual  to 
be  tested,  and  transfer  in  turn  to  each  of  the  sera  about  one-third  of  a  drop  of 
blood  on  the  end  of  the  glass  rod,  mixing  the  blood  intimately  with  the  serum. 
In  making  the  test,  care  should  be  taken  to  transfer  the  blood  before  coagula¬ 
tion  has  commenced,  and  also  to  avoid  mixing  the  two  sera.  A  separate  glass 
rod  should  be  used  for  each  transfer.  Agitation  of  the  slide  accelerates  the 
appearance  of  an  agglutination. 

The  red  cells  make  a  uniform  suspension  in  the  citrated  serum.  If  there 
is  no  agglutination  and  the  test  is  negative,  this  suspension  persists.  If  the 
test  is  positive  and  agglutination  takes  place,  it  usually  appears  in  less  than 
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a  minute  in  the  form  of  masses  of  agglutinated  cells,  easily  discernible  to  the 
naked  eye.  In  the  rare  instances  in  which  the  reaction  is  questionable,  the  donor 
should  not  be  used. 

Rarely  there  is  a  tendency  to  rouleaux  formation  which  may  be  confusing. 


Fig.  286.  Introduction  of  blood  into  recipient. 


Rouleaux  formation  appears  more  slowly  than  agglutination,  and,  contrary  to 
agglutination,  is  dissipated  if  the  rouleaux  are  broken  up  by  stirring  the  serum. 

3.  Selection  of  a  suitable  group  to  use  as  donor.  Except  in  cases  where 
the  risk  of  delay  is  greater  than  the  risk  of  haemolysis,  the  compatibility  of  the 
blood  of  donor  and  recipient  should  be  determined  before  doing  blood  trans¬ 
fusion.  Where  possible,  the  donor  should  be  selected  from  the  same 

GROUP  AS  THE  ONE  TO  WHICH  THE  RECIPIENT  BELONGS.  This  is  Usually 
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easy  when  the  patient  is  a  member  of  Group  II  or  Group  IV  (common  groups), 
but  may  be  difficult  when  the  patient  is  a  member  of  Group  I  or  Group  III. 
For  these  latter  groups,  a  Group  IV  donor  is  much  more  readily  available. 


Ill 


Fig.  287.  If  the  corpuscles  are  agglutinated  by  both  sera  then  the  individual 
under  test  belongs  to  Group  I  :  if  the  corpuscles  are  not  agglutinated  by  either  of 
the  sera  he  belongs  to  Group  IV  :  if  the  corpuscles  are  agglutinated  by  the  serum 
of  Group  III  only  he  belongs  to  Group  II,  and  vice  versa. 


Where  a  donor  of  the  same  group  is  not  available,  Group  IV  donors 
may  BE  USED  for  any  of  the  four  groups.  Group  IV  corpuscles  are  not 
agglutinated  by  any  serum,  and  the  agglutinative  reaction  of  Group  IV  serum 
upon  the  corpuscles  of  any  of  the  three  other  groups  is  unimportant,  because 
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the  serum  is  promptly  diluted  by  the  serum  of  the  recipient.  Hence  members 
of  Group  IV  are  termed  universal  donors.  The  serum  of  Group  I  does  not 
agglutinate  the  corpuscles  of  any  group,  therefore  members  of  Group  I  may  be 
transfused  from  any  of  the  four  groups.  Hence  members  of  Group  I  may  be 
termed  universal  recipients. 

The  above  may  be  expressed  in  tabular  form  as  follows  : — 

If  recipient  is  Group  I. — Donor  may  be  selected  from  Groups  I,  II,  III, 
or  IV 

If  recipient  is  Group  II. — Donor  may  be  selected  from  Groups  II  or  IV. 

If  recipient  is  Group  III. — Donor  may  be  selected  from  Groups  III  or  IV. 

If  recipient  is  Group  IV. — Donor  should  be  also  Group  IV. 

4.  Other  requisites  in  a  donor.  (1)  In  general,  convalescent  patients  con¬ 
stitute  the  class  from  which  to  select  donors.  (2)  One  must  select  a  non-febrile 
patient  in  good  physical  condition.  (3)  Every  means  at  hand  must  be  used  to 
exclude  as  donors  men  affected  with  communicable  diseases,  especially  syphilis. 

INDICATIONS  FOR  TRANSFUSION. 

During  the  war,  most  of  the  cases  requiring  transfusion  were  those  suffering 
from  acute  anaemia  from  haemorrhage.  The  acute  anaemia,  in  most  instances, 
is  immediately  evident  ;  in  others  it  is  far  less  apparent.  The  history,  visible 
signs  of  haemorrhage,  low  blood  pressure  and  the  evidence  of  air  hunger  may 
indicate  an  acute  anaemia,  while  the  patient’s  colour  is  still  good.  It  must  be 
remembered  that  a  haemoglobin  determination  and  a  red  cell  count  taken 
immediately  after  severe  haemorrhage,  before  the  blood  volume  has  been  restored, 
can  be  very  deceptive.  Govaerts  has  demonstrated  that  even  a  small  drop  in 
the  haemoglobin  or  the  red  cells  at  this  stage,  within  a  few  hours  of  injury,  may 
indicate  that  a  fatal  haemorrhage  has  occurred. 

The  differentiation  of  shock  without  haemorrhage  presents  many  difficulties. 
The  use  of  transfusion  is  indicated  in  cases  of  shock  complicated  by  acute 
anaemia  following  haemorrhage.  Other  less  frequent  indications  for  transfusion 
in  the  war  zone  are  anaemias  secondary  to  prolonged  sepsis  and  a  tendency  to 
pathological  haemorrhage  due  to  a  disturbance  of  the  factors  governing  coagu  - 
lation. 
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SUB-SECTION  C 
CHAPTER  33 

AN  ANTI  VARIOLOUS  VACCINE  ESTABLISHMENT  IN  THE 

TROPICS 

BY 

A.  B.  GREEN 

M.A.,  M.D.,  B.C.  (Cambridge).  Bacteriologist-in-Charge,  Anti-variolous  Vaccine  Department, 

Lister  Institute  of  Preventive  Medicine. 

Synopsis  :  Introductory,  p.  662  ;  Buildings,  p.  663  ;  Animals  for  vaccination,  p.  666  ; 
Isolation  of  animals,  p.  666  ;  Cleansing  of  animals,  p.  667  ;  Vaccination  of  animals,  p.  668  ; 
Treatment  of  calf  between  vaccination  and  collection  of  vaccine,  p.  671  ;  Collection  of 
vesicular  material,  p.  671  ;  Glycerinated  anti -variolous  vaccine,  p.  674  ;  Bacteriological 
examination  of  emulsion,  p.  675  ;  Test  for  potency,  p.  676  ;  Tubing  of  vaccine  emulsion, 
p.  676  ;  Issue  of  vaccine,  p.  679  ;  Vaccination,  p.  679  ;  Records  of  vaccination,  p.  680  ; 
Dried  anti-variolous  vaccine,  p.  680  ;  Lanolinated  vaccine,  p.  682  ;  Seed  vaccine,  p.  682. 

INTRODUCTORY. 

In  considering  the  question  of  any  anti-variolous  vaccine  establishment  it  is 
necessary,  in  the  first  place,  to  emphasize  the  fact  that  the  production  of  anti- 
variolous  vaccine  is  less  a  scientific  process  than  an  art.  A  certain  exactitude  of 
method  can  be  utilized  to  advantage  as  an  auxiliary,  but  in  essence  the  only  sure 
guide  to  the  production  of  high-grade  vaccine  is  a  well-served  apprenticeship. 

This  fact  is  often  not  fully  recognized,  though  it  is  a  commonplace  to  state 
that  the  cultivation  and  manipulation  of  a  micro-organism,  the  identity  of 
which  is  still  an  unknown  quantity,  must  of  necessity  be  lacking  in  exactness 
compared  to  the  cultivation  and  manipulation  of  a  definitely-established  and 
known  micro-organism,  even  if  the  products  of  that  micro-organism  are  not 
known  in  their  entirety. 

It  is  this  essential  difference  which  makes  anti-variolous  vaccine  production 
largely  a  thing  apart  from  the  production  of  general  vaccines  and  sera.  One 
day,  happily,  it  will  come  within  the  category  of  these  ;  until  then,  a  novice  at 
anti-variolous  vaccine  work — however  skilful  a  bacteriologist  he  may  be- — may 
be  able  to  produce  some  sort  of  vaccine,  but  only  a  person  skilled  in  production 
will  be  able  to  produce  vaccine  of  such  high  quality  as  will  ensure  satisfactory 
immunization  in  man. 

In  the  second  place,  it  must  be  borne  in  mind  that  anti-variolous  vaccine 
production  in  the  tropics,  even  in  the  hands  of  an  experienced  producer,  is  a 
problem  of  considerably  greater  difficulty  than  is  the  case  in  temperate  latitudes. 
Even  in  Great  Britain  and  similar  latitudes,  yields  of  the  best  quality  vaccine 
are  commonly  obtained  only  in  the  early  summer  and  late  autumn. 

Where  greater  intensity  of  heat  occurs  than  that  which  obtains  in  these 
latitudes,  the  production  of  first-class  vaccine  becomes  an  increasingly  difficult — 
or  even  impossible — matter.  In  many  tropical  countries  a  moderate  temperature 
may  be  found  in  hilly  districts,  but  in  the  hottest  climates,  where  little  or  no 
such  modification  is  available,  it  is  better  not  to  attempt  anti- variolous  vaccine 
production  at  all  but  rather  to  rely  entirely  on  imported  first-class  vaccine  ; 
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for  the  immunity  of  the  population,  to  raise  which  is  the  whole  raison  d'etre  of 
the  establishment,  will  be  low,  possibly  even  dangerously  low,  by  the  use  of 
necessarily  poor  quality  vaccine.  The  optimum  temperature  for  anti-variolous 
vaccine  production  is  roughly  from  55  to  60°  F.  (13°  to  16°  C.). 

Thirdly,  before  any  one  attempts  anti-variolous  vaccine  work  in  any  way 
it  is  essential  that  he  should  be  vaccinated  or  revaccinated  in  order  to  avoid 
inoculation  with  possibly  dangerous  results. 

BUILDINGS  FOR  AN  ANTI-VARIOLOUS  VACCINE  ESTABLISHMENT. 

The  site  for  these  buildings  should  be,  when  possible,  on  porous,  well-drained 
soil.  The  area  should  be  large  enough  for  a  laboratory  block,  vaccination  stables, 
isolation  stables  some  100  yards  or  more  away  from  any  other  building,  and  a 
small-animal  house  similarly  situated,  with  available  space  for  such  storage, 
staff  accommodation,  and  transport  facilities  as  the  particular  needs  of  the 
establishment  may  require.  Proximity  to  gas,  electric,  and  water  supply  would 
naturally  be  considered  together  with  such  needs  as  facilities  for  the  acquisition 
of  vaccinifers,  the  distribution  of  vaccine,  and  all  such  obvious  essentials. 

The  drawings  on  pp.  664-5  (figs.  288  and  289)  arc  made  from  those  of  Mr.  Paul 
Waterhouse,  based  originally  on  an  amateur-drawn  ground  plan.  They  may 
prove  useful  when  planning  any  small  anti-variolous  vaccine  station,  modifying 
the  dimensions  to  the  estimated  amount  of  work,  and  to  the  construction 
materials  available. 

The  plans  are  mostly  self-explanatory.  The  larger  of  the  two  laboratories  is 
planned  for  general  routine  work,  being  adjacent  to  the  vaccination  room, 
engine  room,  and  cold  store.  The  width  of  this  laboratory  is  sufficient  to  admit 
the  temporary  erection  of  a  trestle-table  for  emergency  work  in  additional 
filling  and  sealing  of  vaccine  tubes.  In  the  event  of  a  rush  of  work,  the 
smaller  private  laboratory  would  be  available  also  for  routine  work  ;  and  to 
this  end  covered  floor-channels,  similar  to  those  used  for  electric  cables  under 
pavements,  lead  from  the  engine  room  to  the  private  as  well  as  to  the  routine 
laboratory,  for  the  conveyance  of  tubing  connecting  a  power-driven  vacuum 
pump  with  the  work-bench.  This  plan  obviates  the  suspension  of  festoons  of 
tubing  in  the  doorways  and  in  the  laboratories  themselves.  For  the  tropics,  thicker 
walls,  smaller  window  area  and  roof  to  give  the  best  insulation  from  heat,  would 
naturally  suggest  themselves  ;  also,  it  would  be  obviously  advantageous  to 
lengthen  the  eaves  for  verandas.  All  windows  would  be  fitted  with  outside 

O 

sun  blinds.  The  ventilator  for  the  laboratory  is  not  to  be  recommended,  as  in 
high  winds  it  is  liable  to  distribute  collected  dust  about  the  place. 

The  slight  separation  of  the  vaccination  stable  from  the  laboratory  block  is 
markedly  advantageous  in  checking  contaminations  of  laboratory  cultures 
with  B.  mesentericus  and  other  organisms. 

This  vaccination  room  and  both  stable  blocks  can  with  advantage  be  fitted 
with  stand-pipes  for  hosing  down  when  necessary,  as  well  as  for  the  provision  of 
water  in  case  of  fire.  The  gully-exits  from  stable  and  vaccination  room  are 
vermin-proof.  Where  necessary,  all  windows  should  be  covered  with  insect- 
proof  copper  or  brass  gauze  and  double  insect-proof  doors  should  be  fitted  to 
.the  stable  and  elsewhere. 

The  isolation  stables  are  of  the  same  design  as  the  vaccination  stable,  but  the 
same  limitation  of  the  window  area  is  less  necessary.  While  the  isolation  stable 
is  a  stable  in  the  usual  sense  of  the  word,  that  for  vaccinated  animals  is  to  be 
regarded  as  a  special  building  for  fostering  to  the  best  advantage  a  particular 
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Fig.  288.  Anti-variolous  vaccine  laboratories. 
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disease,  vaccinia,  and  not  as  a  stable  only.  To  that  end,  it  is  desirable  to  exclude 
all  strong  light  which  probably  exerts  a  harmful  influence  in  vesicle-development. 

In  one  place  at  least,  the  experiment  has  been  carried  out  of  making  under¬ 
ground  stables  for  the  vaccinated  animals,  a  parrow  inclined  path  leading  to  a 
single  door  for  entrance  and  exit.  The  plan  was  successful  in  so  far  as  the  idea 
was  to  obtain  a  lower  temperature  than  would  have  been  possible  in  the  case  of 
ordinary  above-ground  stables  ;  but  in  this  special  instance  there  were  serious 
disadvantages  both  in  defective  drainage  and  ventilation.  The  idea  is  valuable 
provided  these  serious  drawbacks  are  eliminated.  By  the  use  of  water-moistened 
tatties  and  of  water-sprinklers  on  roofs,  the  temperature  in  over-hot  buildings 
can  be  reduced  materially.  For  some  hill  districts,  while  the  day  temperature 
is  high,  the  night  temperature  may  be  undesirably  low  and  it  may  then  be 
necessary  to  instal  a  heating  apparatus  for  night  use. 

It  is  advisable  to  have  a  girder  running  from  wall  to  wall  across  the  vaccina¬ 
tion  stable,  in  case  an  animal  has  to  be  slung. 

ANIMALS  FOR  VACCINATION. 

While  most  animals  are  susceptible  to  vaccination,  experience  has  shown 
that  those  which  give  pre-eminently  the  best  results  are  bovines.  In  most 
countries  where  cattle  are  bred,  calves  are  used  for  this  purpose.  In  India 
and  elsewhere,  buffalo  are  not  infrequently  used.  In  certain  parts  of  Africa 
the  local  breed  of  bullock  has  given  good  results.  Wild  sheep  and  goats  and 
antelopes  have  been  used  with  good  results.  There  appears  to  be  no  preference 
in  using  male  or  female  animals  as  regards  the  quality  of  the  vaccine,  but  the 
female  is  more  cleanly  for  the  purpose,  in  that  urine  is  voided  clear  of  the 
vaccinated  surface  when  the  animal  is  on  the  vaccination  table.  As  regards 
age,  young  animals  give  better  results  than  adults  and  markedly  better  than  old 
animals.  While  the  skin  of  young,  partly-grown  animals  is  thin  and  fine,  that 
of  adult  animals  tends  to  be  thick  and  coarse  and  to  yield  vaccine  of  markedly 
coarser  and  poorer  quality.  Also,  the  older  animals  may  fail  altogether  as 
vaccine-producers,  owing  to  immunity  they  have  acquired  previously  in  one 
or  another  way. 

Young  animals  are  more  easily  handled  for  vaccination  purposes  than  are  cows 
and  bulls,  and  there  is  the  further  advantage  in  that  the  percentage  of  calves 
which  develop  tuberculosis  is  practically  negligible.  When,  through  necessity, 
adult  animals  have  to  be  used,  those  with  the  best  skins  and  in  first-rate  con¬ 
dition  should  be  chosen.  A  subcutaneous  injection  of  morphia  (3-10  grains)  will 
be  found  of  service  in  keeping  refractory  adult  animals  quiet  during  vaccination. 

In  every  district  it  is  advisable  to  experiment  with  such  bovines  and  other 
animals  as  may  be  available.  Buffalo,  adult  or  otherwise,  when  available  may 
be  preferable  to  oxen,  cows  or  calves,  or  vice  versa.  The  only  guide  is  the 
result,  and  in  estimating  this,  the  vesicle-quality ,  to  be  indicated  later,  must  be 
the  strict,  invariable  criterion  and  never  vesicle-quantity.  Buffalo  are  usually 
unattractive  in  appearance  for  the  purpose  in  view,  owing  to  their  generally 
muddy  condition.  When  washed,  their  appearance  is  very  different,  and  not 
infrequently  their  skin  is  excellent  in  texture. 

ISOLATION  OF  ANIMALS. 

A  routine  practice  is  to  admit  animals  to  the  isolation  stable  for  observation 
some  week  or  ten  days  before  vaccination.  During  this  time,  general  oversight 
is  exercised  to  ensure  perfectly  normal  health.  Tuberculin  and  other  tests  can 
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be  applied  as  seems  necessary  for  particular  districts.  The  tuberculin  test  is 
useful  in  the  case  of  adult  animals,  but  care  is  usually  limited  in  the  case  of 
calves  to  ordinary  supervision  and  the  taking  of  temperature  morning  and 
evening.  The  normal  temperature  of  a  calf,  taken  per  rectum,  is  102-4  to 
102*6°  F.  (39*1°  C.-39*2°  C.).  Special  regard  should  of  course  be  paid  to  safe¬ 
guard  against  any  disease  which  may  be  prevalent  in  the  district. 

The  diet,  which  should  be  on  a  liberal  scale,  should  include  an  adequate 
ration  of  milk  and  green  fodder.  Daily  weighing  is  necessary  to  make  sure  that 
weight  is  maintained  or  increased.  An  animal  whose  weight  decreases  and  which 
loses  condition  is  practically  useless  for  vaccination.  A  useful  sign  of  health 
in  bovines  is  a  cool,  moist  nose.  Exercise  and  grazing  in  the  open  is  advisable, 
but  the  animals  should  be  kept  well  away  from  the  vaccination  stables  and 
the  rest  of  the  establishment,  both  to  avoid  conveyance  of  any  pathological 
condition  to  the  vaccinated  animals,  and  to  run  no  risk  of  their  own  accidental 
inoculation  with  vaccine  material  and  consequent  immunization. 

In  the  case  of  animals  brought  from  hotter  districts,  this  isolation  period 
can  be  also  utilized  to  ensure  the  animals  accommodation  to  the  cooler  climatic 
conditions.  The  diet  should  be  modified  in  accordance  with  this  scheme. 

All  stable  apparatus  used  in  the  isolation  block  should  be  reserved  strictly 
for  the  isolated  animals.  Should  the  same  cart  be  used  for  transporting 
unvaccinated  and  vaccinated  animals,  dead  or  alive,  it  should  be  disinfected 
and  whitewashed  between  journeys  to  avoid  accidental  vaccination  and  im¬ 
munization  of  un vaccinated  animals. 

In  the  tropics  no  litter  should  be  used  for  the  animals  ;  continuous 
wooden  gratings,  raised  two  inches  above  a  cement  floor,  are  best  ;  these  are 
removable  in  sections  and  are  laid  from  end  to  end  of  the  stable.  This  allows 
free  drainage  of  urine  and  comparative  coolness  to  the  animals.  The  gratings 
should  be  taken  up,  and  cleansing  of  both  gratings  and  floor  with  hose  and 
whitewash  should  be  effected  at  sufficiently  frequent  ‘intervals.  The  animal 
can  be  conveniently  tethered  to  an  iron  ring  which  slides  up  and  down  on  a 
perpendicular  iron  rod,  according  to  the  movement  of  the  animal,  thus  permitting 
it  to  stand  up  or  lie  down  as  it  likes. 

Portable  iron  mangers  are  the  best. 

Partitions  are  unnecessary  for  young  bovines,  but  if  they  are  used  they 
should  be  low  enough  to  allow  the  animals  to  see  each  other  to  prevent  fretting. 
A  useful  form  of  partition  is  made  of  stout  wire  netting  on  one-inch  iron  pipe 
and  T-section  iron. 

An  alternative  arrangement  is  to  tether  the  animals  to  partitions  running 
longitudinally  along  the  walls  at  about  3-feet  distance  from  them  and  to  feed 
the  animals  through  openings  in  the  partitions.  Yet  another  arrangement  is  to 
tether  the  animals  to  two  central  partitions  running  from  end  to  end  of  the 
stable  with  a  central  path  between  for  feeding,  their  heads  being  toward 
the  centre  of  the  stable  and  the  floor  sloping  toward  the  sides  of  the  stable. 
These  last  two  plans  have  their  advantages  when  cows  and  bulls  are  used,  but 
in  the  case  of  young  bovines  the  first  arrangement  is  the  simpler  and  better. 

Ventilation  can  be  usefully  promoted  and  temperature  kept  down  by 
*  electric  fans  when  available. 

CLEANSING  OF  ANIMALS. 

According  to  the  state  of  cleanliness,  or  the  reverse,  of  the  animal  suitable 
cleansing  processes  should  be  carried  out.  In  the  worst  cases  an  application 
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of  insecticide  should  be  followed  by  thorough  cleansing  with  soap  and  water 
and  drying. 

VACCINATION  OF  ANIMALS. 

All  animal  vaccination  work  should  be  carried  out  in  the  early  morning. 

The  animal,  or  animals,  in  a  suitable  condition  for  vaccination  are  removed 
as  required  from  the  isolation  stable  directly  to  the  vaccination  room,  in  such 


Fig.  290.  Tilting-table  in  perpendicular  position. 

numbers  as  can  be  handled  conveniently  by  the  auxiliary  staff.  As  planned, 
the  vaccination  room  can  accommodate  four  vaccination  tables  easily.  An 
animal  should  never  be  more  than  lightly  fed  before  being  ‘  tabled  ’. 

Supposing  there  are  four  stablemen,  it  will  be  convenient  to  have  the 
animals  prepared  in  couples.  Each  animal  is  led  alongside  a  tilting-table, 
shown  in  figs.  290  and  291,  the  table-top  being  in  the  perpendicular  position,  and 
is  secured  by  foot-shackles  and  body-straps.  The  table-top  is  then  tilted  into 
and  locked  in  the  horizontal  position,  and  the  animal’s  right  hind  leg  is  raised 
so  that  the  hock  can  be  placed  in  the  padded  rest  and  secured.  All  this  mani¬ 
pulation  is  best  effected  by  three  or  four  men. 
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In  the  case  of  heavy  animals  the  table  should  be  fitted  with  a  low-geared 
rack-and -pinion  attachment  by  which  the  table-top  is  tilted. 

The  animal  in  this  position  is  ready  for  shaving.  An  oblong  area  (fig.  292)  on 
the  anterior  surface  of  the  body  is  selected,  reaching  roughly  lengthways  from  the 
ensiform  cartilage  to  beyond  the  scrotum  or  udder  and  transversely  from  a  point 
half-way  between  vertebral  column  and  mid-abdominal  line  to  the  same  point  on 
the  opposite  side,  or  as  far  on  the  left  side  of  the  animal  towards  that  point 


Fig.  291.  Tilting-table  in  horizontal  position. 


as  the  position  of  the  animal  on  the  table  will  allow.  W  here  the  legs  intei\  ene 
the  shaven  area  is  continued  on  the  inner  surface  of  the  thighs.  The  scrotum 
is  usually  shaved,  but  not  the  udder  as  this  is  not  vaccinated.  First, 
the  bulk  of  the  hair  on  the  foregoing  surface  is  removed  with  horse-clippers  ; 
subsequently,  the  surface  is  lathered  and  shaved.  No  antiseptic  soap  or 
antiseptic  solution  should  be  used.  After  shaving,  the  area  is  rinscc  \\  it  i 

distilled  water  and  dried  with  sterilized  cloths. 

The  animal  is  ready  for  vaccination  forthwith,  but  it  economizes  the  \ac- 
cinator’s  time  if  all  the  animals  to  be  vaccinated  on  one  day  are  shaved  first 
of  all,  earlier  in  the  day.  They  should  then  be  stabled  in  the  vaccination 
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stable  until  vaccination.  When  the  first  animal  is  in  position  on  table  no.  1, 
and  is  being  vaccinated,  the  assistants  can  be  placing  the  next  animal  on  no.  2 
table  in  readiness,  so  that  the  vaccinator  can  go  directly  from  one  animal  to 
the  next  of  the  series.  Each  shaved  area  should  be  freshly  washed  and  dried 
immediately  before  its  vaccination. 

Vaccination  is  effected  by  incising  lines  with  a  moderately  sharp  scalpel  on 
the  shaven  area,  making  the  first  line  parallel  with  the  top  margin  of  the  animal’s 
coat  and  drawing  each  succeeding  line  parallel  to  the  first,  at  intervals  varying 
between  J  to  2  inches  (12-7  mm. -50-8  mm.).  Sometimes  double  instead  of 
single  incisions  are  made,  about  J-inch  (3T  mm.)  apart,  with  similar  varying 
intervals  between  each  set  of  double  incisions.  A  broad  large  vesicle  results 
instead  of  the  slight  vesicle  of  the  single  incision.  The  variation  in  distance 
between  incisions,  and  the  question  of  making  single  or  double  incisions,  depends 


Fig.  292.  Diagram  of  shaved  area  on  calf  for  vaccination. 


on  several  factors  :  the  climatic  temperature,  the  size  of  the  animal,  the  potency 
of  the  seed-vaccine  and  requirements  as  regards  the  quantity  and  quality  of  the 
vaccine  to  be  produced.  In  hot  climates,  the  best  results  are  obtained  from 
single  incisions  placed  well  apart — not  less  than  lj  inches  (38-1  mm.).  The 
DEPTH  OF  THE  INCISIONS  SHOULD  BE  SUCH  AS  JUST  NOT  TO  DRAW  BLOOD,  though 
redness  results  after  inoculation  with  glycerinated  seed-vaccine,  owing  to  the 
action  of  the  glycerin.  It  is  best  to  make  only  a  few  incisions  at  a  time  and 
inoculate  these  before  making  further  incisions. 

Another  method  is  to  make  a  series  of  incisions  each  from  2  to  3  inches 
(50-8-76-2  mm.)  long,  separated  longitudinally  from  one  another  by  about  inch 
intervals  (25-4  mm.). 

Yet  another  method  is  to  make  a  series  of  incisions,  each  about  3  inches 
(76-2  mm.)  long,  close  together  until  a  3-inch  square  has  been  made.  However, 
this  is  unsuitable  for  tropical  work. 

Inoculation  is  effected  by  rubbing  the  fine  edge  of  the  rounded  end  of  an 
ivory  spatula,  previously  charged  with  seed-vaccine  from  a  watch-glass  or 
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similar  receptacle,  along  the  groove  of  the  incision  ;  the  spatula  is  recharged 
at  sufficiently  frequent  intervals,  and  the  seed  should  be  well  rubbed  in.  On 
completion  of  this  process,  the  animal  is  removed  to  the  vaccination  stable. 

All  instruments  and  accessories  used  in  vaccination  are  sterilized  previous 
to  use. 

TREATMENT  OF  CALF  BETWEEN  VACCINATION  AND  COLLECTION  OF 
VACCINE. 

On  being  tethered  in  the  vaccination  stable,  each  calf  should  have  a  ‘  cradle  ’ 
fixed  round  its  neck  to  prevent  it  licking  the  vaccination  area  on  itself  or  its 
immediate  neighbours.  An  identification  disk  should  be  attached  in  order 
that  the  animal’s  number,  seed  vaccine  used,  and  all  other  necessary  data  can 
be  traced. 

The  diet  should  be  liberal,  especially  as  regards  milk,  and  animals  should  be 
fed  at  least  twice  a  day. 

When  it  is  over  65°  F.  (18-3°  C.)  the  temperature  of  the  stable  should  be 
kept  down  as  far  as  possible  by  artificial  means.  Electric  fans  and  ice-blocks 
help  materially. 

At  the  end  of  24-48  hours,  the  vaccinated  incisions  on  the  animal  generally 
show  as  red  lines.  At  the  end  of  72  hours  the  redness  is  replaced  by  swelling, 
and  papules  have  developed  along  the  length  of  the  incision.  From  96  to 
120  hours  after  inoculation,  the  papules  are  replaced  by  vesicles  which  have 
reached  maturity.  The  vesicular  development  should  be  watched  carefully 
toward  its  completion,  in  order  that  the  period  of  maturity  may  not  pass  and 
over-maturity  and  deterioration  ensue.  Experience  alone  can  determine  this. 

During  the  last  24  hours  of  development  the  animal’s  temperature  may  rise 
to  105°  F.  or  106°  F.  (40-5°  C.-411°  C.),  and  it  may  refuse  food,  with  the 
possible  exception  of  dilute  milk  and  water. 

When  the  maturity  stage  of  the  vesicles  is  attained,  there  should  be  no 
delay  in  collecting  the  vesicular  material. 

COLLECTION  OF  VESICULAR  MATERIAL. 

The  animal  is  taken  to  the  vaccination  stable,  is  fixed  in  the  vaccination 
position  on  a  tilting-table  and  slaughtered  forthwith.  Or  it  may  be  slaughtered 
in  an  abbatoir  on  the  premises  en  route  to  the  vaccination  stable.  The  usual 
practice  of  stunning  and  bleeding  from  the  large  blood-vessels  of  the  neck  is  the 
best  method  from  the  point  of  view  of  vaccine  collection. 

The  vaccinated  area  of  the  animal  is  thoroughly  washed  with  soap  (not 
antiseptic)  and  all  traces  of  stable  debris  are  removed.  The  area  is  then  rinsed 
with  sterile,  distilled  water  and  is  lightly  dried.  It  will  have  been  practically 
impossible  to  avoid  the  vaccinated  area  coming  in  contact  with  dung  while  the 
animal  was  in  the  stable,  especially  in  the  case  of  a  scouring  animal. 

Various  devices  have  been  tried  to  keep  the  vaccination  area  clean  through¬ 
out,  such  as  coating  with  special  paste,  or  sterilized  coverings  changed  daily 
and  secured  round  the  animal.  While  some  of  the  faeces  may  be  kept  away 
from  the  area  by  these  means,  they  may  be  almost  disastrous  in  the  tropics, 
.  owing  to  increased  perspiration  permeating  the  vesicles,  its  possible  decom¬ 
position  augmented  not  infrequently  by  contamination  with  the  animal’s  urine. 
In  addition,  the  increased  skin-warmth  helps  to  deteriorate  vesicles  which  may 
be  maturing  already  under  sufficiently  disadvantageous  temperature  conditions. 
These  special  protection  methods  should  be  carefully  avoided. 
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The  vaccinated  area  having  been  washed,  rinsed  and  dried,  the  vesicles 
are  in  a  fit  state  for  collection.  But  before  collection,  an  estimate  has  to  be 
made  at  this  point  of  the  vesicle-value,  and  this  is  perhaps  the  most  critical  part 
of  all  anti -variolous  vaccine  work.  On  the  ability  to  judge  the  potency-value 
of  the  vesicles  depends  to  a  very  large  extent  the  value  of  the  establishment  as 
an  instrument  for  immunizing  the  community  it  serves.  In  the  absence  of  such 
ability  (which  can  be  gained  only  by  experience)  the  immunity  of  the  population 
must  suffer,  and  perhaps  suffer  severely. 

No  one,  for  instance,  would  admit  the  ability  of  the  skilful  diagnosis  of 
skin  diseases  to  any  but  a  skin  specialist,  and  the  adequate  diagnosis  of  the 
potency-value  of  vaccine  vesicles  calls  for  no  whit  less  skill  and  experience  in 
its  own  province.  Perhaps  the  following  may  be  taken  as  very  rough  indications 
in  the  expression  of  potency- values  120  hours  after  vaccination  : 

A.  The  very  finest-grade  vesicle  is  remarkable  for  its  evenly  defined  margin, 
the  evenness  suggesting  that  of  a  line  drawn  with  a  ruler.  The  vesicle  is 
moderate  in  size  and  development,  but  tense  and  full.  There  is  a  definite 
pearly  appearance  of  the  vesicular  surface  which  is  characteristic.  The  surface 
is  firm  to  the  touch  and  cannot  be  easily  abraded.  These  vesicles  are  obtained 
only  exceptionally,  under  the  best  possible  conditions  in  temperate  climates. 

B.  Vesicles  of  less  perfect,  but  of  good  quality  have  generally  the  character¬ 
istics  of  A,  except  that  the  pearly  appearance  is  wanting ;  a  definitely  less 
refined  appearance  of  the  vesicular  surface  replacing  it.  Evenness  of  outline 
is  noticeable  and  the  vesicular  surface  is  firm.  These  vesicles  are  not  of  every¬ 
day  occurrence,  even  in  temperate  climates. 

C.  The  third  class  of  vesicle  tends  to  have  a  distinct  irregularity  of  outline, 
though  in  places  it  may  tend  toward  regularity.  The  development  may  not  be 
more  than  B,  or  it  may  be  fuller  and  occasionally  even  exuberant.  The  surface 
generally  presents  a  slightly  yellow  coloration  and  has  an  appearance  of 
toughness,  but  actually  on  touch  can  often  be  abraded.  The  surface  may  have 
a  yellowish  crust,  which  may  have  been  partly  removed  by  washing.  Small 
circular  vesicles,  about  the  size  of  a  split  pea,  or  larger,  may  appear  here 
and  there  between  the  lines  of  vesicles.  This  type  of  vesicle  is  commonly 
produced. 

D.  This  fourth  class  vesicle  is  similar  to  C,  except  that  its  irregularities  of 
outline  are  more  marked  ;  there  may  be  considerable  intervals  between  the 
continuity  of  the  vesicle-line  where  nothing  but  crust  appears.  The  vesicles  may 
have  a  heavy  crust,  are  easily  abraded,  and  development  may  vary  from  slight 
to  very  full.  The  spotty  adventitious  vesicles  may  be  in  evidence.  The  general 
characteristic  appearance  is  messy.  No  vesicle  of  lower  potency  than  C  should 
be  collected  for  human  use. 

In  all  cases  areola  may  be  absent  or  present  in  different  degrees,  except 
that  in  A  and  B  there  is  rarely  more  than  a  delicate  flush  along  the  vesicle  margin. 

The  same  class  of  vesicle  is  fairly  constant  on  one  animal  ;  that  is  to  say, 
the  same  animal  does  not  develop  a  vesicle  of  one  class  in  one  place  and  one 
markedly  different  in  class  next  to  it. 

Removal  of  the  vesicular  material  is  effected  by  drawing  a  sharp-pointed 
spoon  with  sufficient  pressure  along  the  vesicles  in  turn,  the  solid  matter  thus 
collected  being  removed  at  intervals  with  a  spatula  to  a  wide-mouthed  bottle. 
A  convenient  form  of  Volkman’s  spoon  is  shown  in  fig.  293. 

The  total  weight  of  vesicular  material  collected  from  one  calf  yielding  A  or 
B  vesicles  may  be  no  more  than  7-12  grammes  ;  from  one  yielding  C  or  D 


AN  ANTI-VARIOLOUS  VACCINE  ESTABLISHMENT 


673 


vesicles,  10-30  grammes  or  even  more.  Heavier  quantities  of  C  and  D  may  be 
obtained  when  the  vaccination-incisions  are  made  closer  together,  or  when 
‘  double  5  incisions  have  been  made,  but  the  quantity  always  tends  to  be  at  the 
expense  of  the  quality  of  vaccine  produced. 

In  the  case  of  adult  bovines  much  heavier  quantities  than  these  may  be 
realized,  250  grammes  or  more  being  obtained.  It  is  a  common  experience 
that  these  large  quantities  are  invariably  at  the  expense  of  quality,  a  large 
portion  of  the  yield  usually  consisting  of  coarse  debris.  It  is  worth  repetition 
that  the  aim  should  be  invariably  to  produce  the  finest  quality  vaccines  only, 
and  these  do  not  coincide  with  the  heaviest  yields. 

Occasionally  the  fluid  contents  of  the  vesicles  may  be  wanted  without  the 
solid.  Special  clamping  forceps  (fig.  294)  are  fastened  to  the  vesicles  at  intervals, 
and  the  fluid  exudate  is  led  into  a  capillary-tube  by  capillarity  and  gravity. 
From  collection  onwards  until  the  time  of  issue  for  use,  the  vaccine  should  never 
be  exposed  to  strong  daylight,  as  this  is  likely  to  injure  its  potency. 
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Fig.  293.  A  form  of  Volkman’s  spoon  for  removing  vesicles. 


All  instruments  and  accessories  used  in  the  process  of  collection  are  sterilized 
before  use. 

Before  the  carcass  is  disposed  of  in  the  way  that  may  be  found  most  con¬ 
venient — vaccination  will  not  have  interfered  appreciably  with  its  qualities  as 
food — an  autopsy  should  be  made  to  determine  that  no  pathological  condition, 
other  than  vaccinia,  is  present. 

The  ‘  pulp  ’  (vesicular  material)  is  best  removed  to  the  laboratory  imme¬ 
diately  after  collection  for  the  determination  of  its  weight  and  for  manipulation, 
this  latter  being  dependent  on  the  final  form  of  vaccine  that  is  required. 

The  more  usual  preparations  will  be  described ;  but  it  will  be  best,  first  of  all, 
to  take  the  preparation  of  glycerinated  vaccine  throughout  in  detail,  for  the 
reason  that  it  is  the  most  widely  used  standard  preparation  of  anti-variolous 
vaccine,  and  as  some  of  the  processes  used  for  it  are  used  also  for  other  prepara¬ 
tions  their  subsequent  description  is  facilitated.  Further,  except  in  exceptionally 
.hot  climates,  glycerinated  vaccine  can  be  used  to  the  greatest  advantage,  its  use 
being  general  in  Brazil  and  other  South  American  countries,  Mexico  and  the 
West  Indies  (where  it  is  usually  imported  from  the  United  States),  Cuba, 
Ceylon,  Siam,  the  Malay  Archipelago,  Hongkong,  Borneo  and  elsewhere.  For 
use  even  in  hot  latitudes  it  is  therefore  by  no  means  to  be  put  out  of  court. 
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GLYCERINATED  ANTI-VARIOLOUS  VACCINE. 

The  weight  of  the  pulp  to  be  glycerinated  having  been  estimated,  trituration 
is  effected  forthwith,  either  in  a  special  grinding  machine  as  shown  in  fig.  295, 
or  by  pestle  and  mortar.  Where  native  labour  is  plentiful,  as  it  usually  is, 
pestle  and  mortar  grinding  is  the  method  commonly  employed,  and  it  is  doubtful 
if  any  triturating  machine  gives  such  fine  results.  The  triturating  machine  can 
of  course  be  power-driven. 

Standard  mixture.  To  every  gramme  of  pulp  twice  the  weight  of  either 
sterile  distilled  water  or  normal  saline  solution  is  taken.  This  is  added  slowly 
to  the  pulp  during  the  triturating  process.  Before  trituration,  the  pulp  is  made 
sufficiently  pasty  to  begin  with  for  the  machine  to  work  it,  and  it  may  have 

to  be  passed  through  the  machine 


at  least  twice.  The  degree  of  fine¬ 
ness  of  the  triturate  is  gauged  by 
sieving  it  through  a  fine  brass-gauze 
sieve  (60-mesh)  ;  that  portion  of 
pulp  which  will  not  pass  being 
retriturated.  The  finished  water 
‘  emulsion  5  is  transferred  to  a  suit¬ 
able  glass  receptacle  such  as  a 
thick-walled  test  tube  of  50  to 
100  c.c.  or  greater  capacity.  To  the 
water  ‘  emulsion  ’  in  the  test  tube 
is  added  pure  glycerin  of  equal 
weight  to  the  water  used,  and  the 
completed  ‘  emulsion  5  is  thoroughly 
mixed  by  shaking  it.  The  addition 
of  only  water  to  begin  with  gives 
a  fine  result  more  quickly  than  if 
glycerin  is  used  at  first,  or  than 
by  a  mixture  of  glycerin  and  water  ; 
in  either  case  the  glycerin  acts  as 
a  lubricant  to  the  particles  of  pulp 
and  helps  them  to  escape  the 
grinding  faces.  In  the  hands  of 
laboratory  assistants,  too,  there  is 
less  risk  of  injury  to  the  pulp  if 
the  machine  ‘  heats  ’.  The  heat 
generated  would  probably  not  in¬ 
jure  watery  lymph  emulsion,  but 
partial  injury  at  least  might  result  if  glycerin  were  present. 

With  the  foregoing  proportions  what  may  be  regarded  as  a  standard  mixture 
is  formed  ;  it  can  be  varied  according  to  circumstances. 

For  instance,  only  sufficient  water  need  be  used  to  make  the  pulp  sufficiently 
pliable  to  pass  through  the  gauze  sieve,  such  water-volume  being  checked  by 
noting  the  quantity  left  of  an  initially  measured  volume.  The  remaining 
volume  of  c  emulsion  ’  may  then  be  made  up  to  four  times  the  original  weight  of 
pulp  with  pure  glycerin.  This,  with  other  modifications,  may  be  found  desirable 
if  the  resulting  emulsion  is  likely  to  be  kept  in  capillary-tubes  for  any  time  longer 
than  a  week,  to  lessen  the  chance  of  sedimentation  of  solids  in  the  tubes. 

Or  the  total  volume  of  fluid  may  exceed  a  total  of  four  times  the  weight  of 


Fig.  295.  Triturating  machine. 
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pulp,  according  to  the  time  that  will  elapse  before  vaccination.  If  early  use 
in  an  emergency  is  desired,  the  dilution  may  be  as  much  as  10  or  12  times  the 
weight  of  pulp,  or  even  more,  to  effect  an  economy  of  pulp,  and  the  proportion 
of  glycerin  may  usefully  exceed  considerably  the  proportion  of  water.  The 
degree  of  dilution,  compatible  with  efficient  vaccination,  must  depend  at  all 
times,  however,  on  the  quality  of  the  pulp  ;  and  this  in  spite  of  the  potency  tests, 
to  be  described  later,  must  depend  on  the  skilled  experience  of  the  bacteriologist 
in  having  estimated  correctly  the  vesicle  values  of  the  calf.  The  potency  tests 
are  indications  of  the  immediate  vaccination  value  of  the  vaccine  and  afford  no 
real  estimate  as  to  how  long  the  vaccine  will  retain  that  vaccination  value. 

The  ‘  emulsification  5  of  the  vaccine  having  been  completed  in  the  selected 
proportions,  the  emulsion  is  removed  to  cold  storage  until  such  time  as  it  is 
required  for  use.  In  many  laboratories  this  may  be  from  a  few  weeks  to  a  year 
or  even  longer.  At  the  Lister  Institute  the  practice  is  to  store  the  emulsion 
for  the  first  week  in  direct  contact  with  ice,  and  subsequently  at  a  temperature 
of  20°  F.  ( —  6-6°  C.)  or  lower  when  it  can  be  had.  Upon  the  length  and  tempera¬ 
ture  of  storage  depend  the  ‘  glycerination  ’ — i.  e.  the  elimination  of  extraneous 
micro-organisms  other  than  spores. 

BACTERIOLOGICAL  EXAMINATION  OF  EMULSION. 

Cultures  are  made  immediately  after  emulsification  and  subsequently  at 
intervals  from  sample  tubes  to  avoid  disturbance  of  the  bulk  tubes.  Two 
agar  plates  are  poured,  the  first  one  being  inoculated,  immediately  previous  to 
its  being  poured,  with  one  loopful  of  emulsion  ;  the  second  plate  is  a  three  or 
four  loop  dilution  of  the  first.  These  are  incubated  aerobically  for  48  hours  at 
37°  C.  and  subsequently  at  15°  C.  for  a  few  days. 

A  glucose  agar  stab  culture  is  also  made  and  incubated  anaerobically  at 
emulsification  only  as  a  rule.  Special  cultures  for  B.  coli  can  be  made. 

The  extraneous  micro-organisms  commonly  found  are  the  normal  inhabitants 
of  the  skin  of  the  calf :  S.  aureus  and  S.  albus,  occasionally  Cereus  alhus  and  Cereus 
flavus,  some  moulds,  Sarcina  lutea ,  while  B.  mesentericus  may  obscure  the  plate. 

A  few  years  ago  the  tendency,  amounting  almost  to  a  craze,  guiding  the 
routine  work  was,  and  still  is  to  a  large  extent,  to  resort  to  stringent  glycerination 
or  other  process  ,  in  order  to  eliminate  practically  all  the  cocci  before  issue  of 
the  emulsion  for  use,  irrespective  of  whether  they  were  pathogenic  or  not. 
As  they  are  practically  invariably  non-pathogenic,  such  drastic  treatment  is 
unnecessary,  to  say  the  least.  It  is  essential  to  ascertain  that  the  extraneous 
organisms  are  non-pathogenic.  That  fact  being  ensured,  by  the  inoculation 
or  the  subcutaneous  injection  of  rabbits  or  guinea-pigs  with  water  emulsions 
of  the  organisms  and  by  noting  the  results,  it  is  best  to  store  the  vaccine 
emulsion  at  the  lowest  temperature  possible  forthwith,  and  not  to  resort  to 
excessive  glycerination,  for  though  it  eliminates  cocci  it  certainly  deteriorates 
the  specific  organism.  Glycerin  is  eminently  useful  as  a  physical  medium  for 
admixture  and  as  an  agent  to  prevent  decomposition. 

To  take  a  case  of  thorough  glycerination  by  way  of  example:  A  Class  C 
vaccine,  stored  at  15°  C.  for  the  first,  week,  and  at  10°  C.  subsequently,  may 
have  its  extraneous  cocci  reduced  say  from  10,000  per  loopful  at  the  date  of 
collection,  to  nearly  zero  at  the  end  of  the  eighth  week,  but  also  the  vaccine  may 
have  been  reduced  to  a  low  potency ;  whereas  a  portion  of  the  same  vaccine 
stored  at  a  low  temperature  (i.e.  18°  F.)  ( —  7-7°  C.)  throughout  will  retain  many 
cocci  at  the  end  of  the  eighth  week,  but  will  have  a  considerable  degree  of  potency. 
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A  and  B  vaccines  stored  at  the  higher  temperature  will  probably  not  show 
loss  of  potency  in  the  same  time,  but  the  glycerination,  none  the  less,  will  have 
begun  to  exert  its  injurious  influence  on  the  specific  germ.  In  hot  climates  it  is 
important  to  issue  vaccines  before  any  deterioration,  apparent  or  non-apparent, 
has  occurred.  Sufficiently  adverse  temperature  conditions  will  be  met  with  in 
all  probability  and  will  exert  a  deteriorative  influence  as  soon  as  the  vaccine 
leaves  the  laboratory.  The  necessity  for  storage  at  the  lowest  possible 

TEMPERATURE  UNTIL  THE  LAST  MOMENT  BEFORE  ISSUE,  AND  THE  AVOIDANCE 
OF  ‘  GLYCERINATION  ’  IS  WORTH  EMPHASIS,  AS  IT  MAY  MAKE  ALL  THE  DIFFERENCE 
BETWEEN  SUCCESSFUL  AND  UNSUCCESSFUL  USE  OF  GLYCERIN-ANTI-VARIOLOUS 
VACCINE  IN  A  HOT  CLIMATE. 

TEST  FOR  POTENCY. 

First-class — A — and  second-class — B — vaccines  in  the  hands  of  experienced 
producers  may  be  issued  for  use  confidently  without  subjection  to  a  potency 

test.  As  a  routine  practice,  however,  it  is  customary 
to  test  all  vaccines  before  issue.  Some  dozen  or  half- 
dozen  capillary  tubes  of  the  emulsion  may  be  used  for 
as  many  primary  vaccinations  on  children.  Those 
emulsions,  samples  of  which  give  100  per  cent  case 
(person)  and  insertion  (‘  places  ’  on  person)  success  are 
fit  for  use.  Those  which  fall  below  100  per  cent  case 
and  insertion  success  should  be  re-tested,  and  unless 
both  case  and  insertion  success  show  sufficient  improve¬ 
ment,  the  vaccine  is  probably  unfit  for  issue,  owing  to 
defective  potency. 

Potency  can  be  tested  also  by  vaccinating  a  series 
of  rabbits  or  patches  on  calves  with  emulsion  diluted 
from  10  to  1,000  times  with  water  or  water  and  glycerin 
and  noting  at  what  point  deterioration  of  vesiculation 
is  shown. 

All  potency  test  results  can  be  employed  to  the  greatest  advantage  only 
when  used  in  conjunction  with  the  original  vesicle-potency  estimations,  as  has 
been  previously  remarked. 

THE  TUBING  OF  VACCINE  EMULSION. 

Emulsion  is  usually  filled  into  glass  capillary  tubes.  When  a  small  number 
of  tubes  only  is  required,  the  filler  shown  in  fig.  296  may  be  usefully  employed. 
Constant  positive  pressure  from  a  water-blast  or  other  device  is  present  in  the 
glass  container  and  the  emulsion  is  forced  up  the  central  tube  into  the  glass 
capillary  tube  inserted  into  the  rubber-fitting  at  the  top.  The  quantity  of 
emulsion  admitted  to  the  capillary  tube  is  regulated  by  the  tap.  One  person 
can  fill  about  500  tubes  per  hour,  and  it  will  take  one  other  person  to  seal  this 
number  of  tubes  in  the  same  time. 

For  large  numbers  of  tubes  this  apparatus  has  been  superseded  by  Entrican’s 
process.  At  the  Lister  Institute  a  modified  form  of  this  apparatus  is  used,  as  shown 
in  fig.  297.  For  this,  the  capillary  tubes  are  obtained  ready  sealed  at  one  end. 

The  emulsion  is  placed  in  a  container,  such  as  a  2  or  3  inch  (50-8-76-2  mm.) 
glass  mortar.  This  is  placed  at  the  bottom  of  the  Bruhl’s  jar.  The  capillary 
tubes  are  held  firmly  together  by  two  or  three  rubber  bands  and  are  suspended, 
sealed-end  uppermost,  by  a  fine  wire  loop  to  the  end  of  the  straight,  rigid,  wire 


Fig.  296.  Capillary 
tube-filler. 
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passing  through  the  rubber  tube  A.  From  50  to  1,000  capillary  tubes  can  be 
manipulated  conveniently  at  a  time.  The  height  of  the  rigid  wire  in  the  rubber 
tube  A  is  adjustable,  the  clamp  B  being  tightened  when  the  wire  is  in  the 
necessary  position.  When  the  lid  of  the  apparatus  is  placed  on  the  vaselined 
lip  of  the  jar,  the  open  ends  of  the  capillary  tubes  should  be  about  J  inch 


Fig.  297.  Modification  of  Entrican’s  apparatus. 

(6-3  mm.)  above  the  emulsion  surface.  The  tap  C  is  shut  and  D  is  opened. 
The  jar  is  partially  exhausted  by  vacuum  to  the  required  extent,  varying  with 
*  the  quantity  of  emulsion  wanted  in  the  capillary  tubes.  This  extent  must  be 
pre-determined  by  experiment  and  registered  on  a  scale  showing  the  height 
of  the  mercury  in  E  which  is  connected  with  the  apparatus.  A  length  of  finest 
bore  thermometer  tubing  must  intervene  between  E  and  the  attached  rubber 
tubing.  When  the  necessary  degree  of  negative  pressure  has  been  obtained 
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in  the  jar,  the  tap  D  is  shut.  The  open  ends  of  the  capillary  tubes  are  then 
lowered  well  below  the  surface  of  the  emulsion  by  depressing  the  rigid  wire  and 
the  rubber  tube  enclosing  it.  While  they  are  thus  depressed,  the  tap  C  is 
slightly  opened  when  the  emulsion  rises  at  once  in  the  tubes.  When  it  has 


Fig.  298.  Multiple-tube  sealing  machine. 


risen  to  the  required  height,  the  tap  C  is  shut  until  the  bundle  of  tubes  is 
raised  above  the  emulsion  surface,  when  it  is  again  opened,  causing  the  column 
of  emulsion,  followed  by  a  column  of  air,  to  rise  until  the  pressure  above 
and  below  each  column  of  emulsion  is  equal.  The  bundle  of  filled  tubes  is 
removed  from  the  apparatus  and  the  tubes  are  ready  to  have  their  open  ends 
sealed.  r  1,000  tubes  can  be  filled  by  one  person  in  a  few  minutes. 
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Roughly,  5  c.c.  of  emulsion  (1  grm.  pulp,  4  e.c.  50  per  cent  glycerin  and 
water)  will  suffice  to  fill  100  capillary  tubes. 

Sealing  is  effected  by  holding  the  end  of  the  capillary  tube  in  a  small  flame, 
such  as  that  given  by  the  by-pass  of  a  Bunsen  burner,  and  drawing  off  the 
extremity  with  forceps  when  the  glass  is  sufficiently  molten. 

Another  rapid  process  is  that  whereby  lengths  of  metal  capillary  tubing  are 
filled  with  emulsion  by  negative  pressure  and  are  subsequently  sealed  by  passage 
through  a  machine  which  seals  them  by  stamping  at  regular  intervals  (fig.  298). 
Some  8,000  to  10,000  capillary  tubes  can  be  filled  and  sealed  by  two  people  in 
one  hour.  Messrs.  Allen  &  Hanbury  supply  the  machine  for  this  process. 

Doses  in  bulk  are  usually  filled  from  a  feeder,  as  shown  in  fig.  299,  into  the 
open  ends  of  metal  collapsible  tubes  with  screwed-on 
caps,  the  open  ends  being  subsequently  closed  by 
special  pliers. 

ISSUE  OF  VACCINE. 

Only  such  emulsions  should  be  issued  as  have 
given  first-class  results  after  potency  tests.  It  is  an 
additional  safeguard  if  a  mixture  of  two  or  three,  or 
even  more,  vaccines  be  made  for  issue.  No  vaccine 
below  grade  C  should  be  issued. 

The  shortest  possible  interval  should  elapse  between 
tubing  and  issue,  deterioration  of  potency  being  more 
rapid  in  a. -vaccine  in  capillary  tubes  than  in  bulk. 

It  is  generally  feasible  to  tube  and  issue  vaccine  on 
the  same  day.  It  is  of  the  utmost  importance  that 
transit  between  laboratory  and  destination  should  be 
as  rapid  as  possible,  and  that  during  transit  the  vaccine 
should  not  be  exposed  to  high  temperature.  In  a  hot 
climate,  whenever  possible,  the  vaccine  should  travel 
in  an  ice-box.  In  one  district,  where  the  heat-conditions 
were  unusually  severe  an  attempt  was  begun  to  send 
capillary  tubes  of  emulsion  in  thermos  flasks  after 
refrigeration,  but  the  attempt  had  to  be  temporarily 
abandoned.  When  the  destination  is  not  more  than  Fig.  299.  Bulk  tube 
72  hours  distant  from  the  laboratory,  carriage  in  filling  apparatus, 
thermos  flasks  of  first-class  quality  vaccine,  previously 

cooled  to  the  lowest  possible  temperature,  should  help  materially  to  lessen 
deterioration. 

Vaccine  should  be  used  at  the  earliest  moment  after  arrival  at  its  destination, 
and  until  use  should  be  kept  as  cool  as  possible  by  ice,  evaporation  coverings 
or  other  means. 

It  may  be  advantageous  to  keep  in  cold  store  at  the  laboratory  a  few 
capillary  tubes  of  each  vaccine  issued  for  further  investigation  should  any 
abnormal  vaccination  results  be  reported  by  vaccinators. 

VACCINATION. 

Aseptic  methods  only  should  be  used.  Four  insertions  should  be  made  on 
each  person. 

The  usual  site  over  the  insertion  of  the  deltoid  is  the  best  site  for  all-round 
purposes,  but  in  the  case  of  natives,  where  no  friction  from  clothes  can  ensue, 
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it  may  be  advisable  to  choose  a  site  such  as  the  outside  of  the  thigh,  or  over 
the  scapula,  in  order  to  prevent  the  patient  sucking  the  vaccinated  place. 

The  usual  cutaneous  method  of  vaccination  should  be  used  invariably, 
cleansing  the  skin  of  the  area  to  be  vaccinated  by  washing  it  lightly  and  rinsing 
it  with  sterile  water. 

The  subcutaneous  injection  of  vaccine  was  advocated  early  in  this  century 
in  America,  when  poor  quality  vaccine  was  largely  used  for  the  purpose.  This 
method  has  more  recently  been  advocated  for  use  in  the  tropics,  doubtless 
with  excellent  vaccine  ;  but  unfortunately  by  this  method  no  evidence  can  be 
obtained  of  the  vaccine  4  taking  ’,  the  quality  of  the  4  take  ’,  or  the  immunity 
produced  either  as  regards  intensity  or  duration,  and  no  4  marks  5  are  left  for 
future  guidance.  It  is  of  importance,  in  hot  climates  especially,  that  every 
vaccination  should  afford  in  itself  definite  evidence  of  its  value  by  its  vesicula- 
tion.  Further,  by  the  subcutaneous  method,  should  any  stray  tetanus  be  in 
the  vaccine,  the  condition  would  favour  its  development  ;  whereas  it  would 
probably  remain  undeveloped  in  the  case  of  light  cutaneous  inoculation. 

RECORDS  OF  VACCINATION. 

These  should  invariably  be  kept,  giving  date  of  use,  reference-number  of 
vaccine,  name  or  number  of  patient,  age  of  patient,  whether  primary  or  re¬ 
vaccination,  result  of  vaccination,  with  descriptive  note  of  vesicular  and  areolar 
appearance. 

Any  abnormality  should  be  noted  and  reported.  Abnormalities  are  not 
common.  Early,  and,  more  usually,  late  vesiculation,  happens  at  times. 
Occasionally  rashes  may  develop.  Inflammation  round  the  vaccinated  area 
may  appear,  and  this  may  be  erysipelatous  with  occasionally  fatal  results. 
This  complication  may  be  said  to  be  due  invariably  to  the  adventitious  entry 
of  the  streptococcus  after  vaccination  and  never  occurs  apart  from  bad  hygiene 
of  the  person  or  immediate  surroundings.  Rarely  ulceration  develops  at  the 
site  of  the  healing  vesicle,  leaving  a  deep  excavation  which  granulates  only 
slowly  ;  very  considerable  oedema  and  redness  of  the  local  tissues  usually 
accompanies  this  condition,  the  etiology  of  which  is  uncertain.  Generalized 
vaccinia  occurs  rarely,  vaccine  vesicles  appearing  over  the  surface  of  the  body 
and  occasionally  on  the  lips  and  on  the  mucous-membrane  of  the  mouth.  While 
generalized  vaccinia  occurs  usually  in  isolated  cases,  very  large  numbers  of 
cases  have  been  known  to  follow  inoculation  of  a  particular  strain  of  vaccine. 
The  aetiology  of  this  condition  is  unknown,  except  for  the  fact  that  the  specific 
virus  of  vaccinia  has  obviously  gained  access  to  the  circulation  and  been  carried 
over  the  body  generally.  This  condition  is  markedly  different  from  that  due 
to  auto-inoculation,  where  the  virus  is  transferred  mechanically,  as  a  rule  by 
the  patient’s  nails,  from  the  site  of  the  inoculation  to  one  or  more  other  sites 
on  the  body,  with  resulting  vesiculation  on  those  sites. 

All  records  should  be  sent  to  the  laboratory  for  classification. 

DRIED  ANTI-VARIOLOUS  VACCINE. 

In  exceptionally  hot  climates,  or  in  hot  climates  where  the  conveyance  of 
vaccine  in  cold  storage  is  impossible,  especially  when  the  destination  may  be 
two  or  three  weeks’  journey  from  the  laboratory,  the  use  of  glycerinated  vaccine 
may  be  found  unsatisfactory.  Under  these  circumstances  dried  vaccine  has 
been  found  to  give  good  results. 


AN  ANTI- VARIOLOUS  VACCINE  ESTABLISHMENT 
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Method  of  preparation.  The  required  quantity  of  crude  pulp  is  spread 
in  a  thin  layer  with  a  spatula  over  a  glass  surface  such  as  a  half  Petri  dish  of 
such  diameter  as  will  fit  the  desiccator  (fig.  300).  When  required,  two  or  more 
half  Petri  dishes  can  be  superimposed  in  the  desiccator.  The  vaccine  should 
be  thoroughly  dried  in  24  hours  over  sulphuric  acid  after  exhaustion  of  the 
air  in  the  container. 

After  desiccation  the  half  Petri  dishes  are  removed,  the  lymph  is  scraped 
into  a  mortar  and  ground  with  a  pestle  until  it  is  reduced  to  flakes  the  size  of 
bran.  It  can  be  stored  in  this  condition,  or  unground,  in  ordinary  uncorked 
test  tubes,  which  are  themselves  placed  in  inch-diameter  (25-4  mm.)  test  tubes 
partially  filled  with  calcium  chloride  and  fitted  with  india-rubber  corks.  Storage 
should  be  at  temperature  below  freezing-point. 

Bacteriological  and  potency  tests  should  be  made,  as  previously  described. 

For  issue,  the  coarsely-ground  flakes  are  filled  into  glass  tubes  made  from 
ordinary  fine-bore  glass  tubing,  each  tube  being  about  2  to  3  inches  (or 
5-7  cm.)  long  and  ready  sealed  at  one  end.  The  filling  is  effected  by  scooping 
the  open  end  of  the  tube  against  the  vaccine  in  a  3- inch  (76-2  mm.)  mortar. 
Each  tube  when  filled  is  placed  in  a  calcium  chloride 
dehydrator. 

In  sealing,  the  tubes  are  taken  singly  from  the 
dehydrator.  The  open  end  of  the  tube  is  fitted  into 
fine-gauge  rubber  pressure  tubing,  which  is  connected 
with  a  Bruhl  jar,  in  which  constant  negative  pressure 
is  maintained  ;  this  pressure  being  registered  by  a  mer¬ 
cury  column.  A  tap  is  fitted  between  the  jar  and  the 
pressure  tube.  By  opening  this  tap  after  the  vaccine 
tube  is  inserted  into  the  pressure  tubing,  the  air  of  the 
tube  is  absorbed  into  the  jar,  and  in  this  condition  the* 
end  of  the  tube  is  made  molten  in  a  fine  blow-pipe  flame  Fig.  300. 

and  drawn  off.  The  sealed  tube  is  thus  practically 

empty  of  air.  A  file-mark,  where  the  end  of  the  tube  is  to  be  opened  for  use, 
completes  the  procedure. 

This  method,  therefore,  includes  in  the  vaccine  all  its  extraneous,  original 
micro-organisms,  which  will  have  been  tested  to  ensure  non-pathogenicity. 

Removal  of  extraneous  organisms.  A  modification,  however,  has  been  adopted 
by  some  workers,  where  all  this  original  extraneous  content  has  been  considered 
undesirable.  Prior  to  desiccation,  the  pulp  is  subjected  to  glycerination, 
the  glycerin  being  removed  by  washing  when  its  eliminative  work  has  been 
effected.  Or  the  pulp  may  be  subjected  to  the  preliminary  action  of  50  per  cent 
glycerin  and  water,  to  which  1  per  cent  oil  of  cloves  has  been  added  before 
desiccation  :  a  quicker  elimination  action  resulting  than  in  the  case  of  glycerin 
alone.  Or  chloroform  may  be  used  as  an  eliminating  agent.  In  this  case, 
filtered  air  is  drawn  through  pure  chloroform,  and  the  chloroform  vapour  and 
air  in  their  turn  are  drawn  through  the  watery  emulsion  of  the  vaccine.  In 
a  quarter  of  an  hour  to  half  an  hour  at  20°  C.  the  extraneous  organisms  will 
be  killed  out  or  very  greatly  reduced  in  numbers,  with  the  exception  of  spores. 
The  chloroform  is  forthwith  removed  from  the  emulsion  by  blowing  filtered  air 
through  the  emulsion ;  a  second  blowing  being  made  12  hours  later  to  remove 
the  last  trace.  This  is  a  quicker  method  of  elimination  than  the  glycerin- 
clove-oil  method,  and  with  careful  usage  causes  a  minimum  of  injury  to  the 
specific  virus.  The  vaccine  is  forthwith  centrifuged  and  the  pulp  dried. 
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LANOLINATED  VACCINE. 

This  has  also  been  utilized  when  glycerinated  vaccine  is  unsatisfactory,  but 
has  failed  not  infrequently  to  give  such  good  results  as  dried  calf- vaccine  under 
the  most  trying  high  temperature  conditions. 

As  originally  prepared,  crude  pulp  was  mixed  with  some  four  to  six  times 
its  own  bulk  of  anhydrous  lanolin  by  admixture  with  pestle  and  mortar.  As 
some  extraneous  bacterial  growths  can  continue  or  even  multiply  almost 
indefinitely  in  this  preparation,  the  control  of  this  bacterial  content  is  impossible 
after  issue,  unless  the  extraneous  bacteria  be  removed  from  the  pulp  previous 
to  mixture,  by  glycerin,  chloroform,  clove  oil  or  otherwise.  If  the  lanolin 
mixture  is  made  initially  with  dried  vaccine  in  sterile  anhydrous  lanolin,  growth 
does  not  usually  occur. 

SEED  VACCINE. 

Finally,  an  adequate  supply  of  seed  vaccine  is  the  mainspring  of  successful 
vaccine  production. 

In  temperate  climates,  this  is  commonly  produced  locally  by  careful  selection 
of  the  very  finest  A  quality  vesicles.  Seed  which  has  a  tendency  to  deteriorate 
may  be  improved  by  passage  through  rabbits  or  through  humans  (retro- 
vaccination).  In  the  hands  of  very  experienced  workers,  new  seed  may  be 
raised  by  skin  inoculation  of  a  monkey  with  exudate  from  the  variolous  vesicles 
of  a  human,  and  the  subsequent  removal  of  the  exudate  so  obtained  from  the 
monkey  to  a  bovine.  The  resulting  vesicles  on  the  bovine  have  all  the  character¬ 
istics  of  vaccinia  and  none  of  variola,  and  this  modification  persists  when  the 
bovine  vesicles  are  subsequently  used  for  human  vaccination.  The  method  is 
dangerous,  and  admissible  only  in  the  hands  of  an  experienced  operator,  as 
an  epidemic  of  variola  can  be  begun  inadvertently  from  the  monkey. 

The  specific  organisms  of  vaccinia  and  of  variola  are  without  doubt 
identical,  except  that  the  former  has  been  modified  by  passage  through  a  bovine. 

If  adverse  local  conditions  render  the  upkeep  of  the  highest  quality  seed 
impossible,  the  seed  supply  must  be  obtained  at  regular  intervals  from  labora¬ 
tories  working  under  more  favourable  conditions.  In  the  case  of  imported  seed, 
which  should  be  carried  invariably  in  the  refrigerator  of  the  steamship,  it  may 
be  necessary  to  acclimatize  it.  The  first  calf  may  give  indifferent  results  ;  the 
second  calf,  vaccinated  with  vaccine  from  the  first,  better  results  ;  and  the  . 
third  calf,  vaccinated  with  vaccine  from  the  second,  very  good  results. 

It  is  infinitely  better  to  import  a  high-quality  seed  than  to  use  locally- 
produced  seed  of  any  less  perfect  quality.  Even  in  a  warm  climate  the  former 
may  yield  comparatively  good  vaccine,  while  the  latter  may  well  be  the  cause 
of  failure  of  the  laboratory  as  a  vaccine-producing  institution. 
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CHAPTER  34 

THE  CLASSIFICATION  AND  IDENTIFICATION  OF 

POISONOUS  SNAKES 

1.  Introduction,  General  characters,  p.  683;  Special  characters,  i.e.  Dentition,  and 
scale  characters,  p.  685  ;  A  key  to  the  families  of  Ophidia,  p.  689. 

2.  The  poisonous  snakes,  a  description  of  the  Colubridae  and  Viperidae  with  a  geographical 
distribution  of  these  snakes,  p.  689. 

3.  A  brief  description  with  a  key  for  identification  of  the  poisonous  snakes  found  in  the 
various  continents  (the  Hydropliinae  are  described  separately),  p.  691. 

INTRODUCTION. 

The  class  Reptilia  contained  several  orders,  many  of  which  are  now  extinct, 
four  of  these  orders  still  survive.  The  order  Squamata,  one  of  the  four,  is 
divided  into  three  sub-orders  The  Ophidia  or  snakes,  the  Lacertilia  or  lizards, 
and  the  Rhiptcglossa  or  chameleons.  The  snakes  are  distinguished  from  the 
lizards  by  an  absence  of  solid  union  between  the  rami  of  the  lower  jaw,  the  two 
halves  of  this  bone  are  bound  together  by  an  elastic  ligament,  which  gives  the 
snake  a  much  wider  gape  to  swallow  its  prey.  In  many  snakes  e.g.  Boidse 
(Pythons  and  Boas)  the  bones  of  the  upper  jaw  and  palate  are  also  movable, 
so  that,  when  engulfing  a  large  animal  the  mouth  can  be  opened  still  wider. 
The  classification  of  snakes  into  poisonous  and  non-poisonous  must  be  regarded 
as  unscientific  and  although  commonly  adopted  is  not  correct.  The  Opistho- 
glypha  (i.e.  Colubrides  with  posterior  fangs),  generally  thought  to  be  harmless,  are 
really  poisonous  as  they  kill  their  small  prey  by  injecting  venom  ;  Quelch 
records  cases  where  bites  on  the  finger  from  the  Erythrolamprus  cesculapii  and 
Xe/iodon  severus  have  caused  severe  inflammation.  As  regards  the  Aglypha 
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(i.e.  Colubrides  without  fangs),  Bertrand  and  Phisalix  for  the  Tropidonotus 
(Keelbacks)  and  Alcock  and  Rogers  for  the  Zcimenis  mucosus  (the  Indian  Rat 
snake)  and  Tropidonotus  piscator  (the  Indian  Keelback)  have  shown  that  their 
saliva  is  poisonous  to  small  animals.  Although  the  saliva  of  these  snakes  is  not 
sufficient  to  kill  a  child  yet  the  two  series  must  be  regarded  as  poisonous 
in  the  strict  sense  of  the  word,  and  grouped  under  the  family  Colubrdie.  The 
harmlessness  of  the  Opisthoglypha  to  man  is  due  to  the  position  of  the  fangs, 
and  of  the  Aglypha  to  the  absence  of  fangs  so  that  the  saliva  or  venom  cannot  be 
injected  into  the  subcutaneous  tissues.  Acton  and  Knowles  (1914)  have  shown 
that  the  Callophis  macclellandii  (Macclelland’s  Indian  Coral  snake)  and  the 
Lachesis  gramineus  (The  Green  Pit  viper)  do  not  usually  cause  death  in  man. 
The  former  snake  has  not  sufficient  venom,  and  the  latter  has  a  venom  of  low 
toxicity.  The  poisonous  character  of  a  particular  species  of  snake  is  a  relative 
one,  dependent  on  three  main  factors  : — 

(i)  The  amount  of  venom  normally  present  in  the  gland. 

(ii)  The  relative  toxicity  of  this  venom  for  the  particular  species  of  animal. 

(iii)  The  possession  of  efficient  fangs,  which  enables  the  snake  to  inject  its 
venom  into  the  bitten  animal. 

The  possession  of  fangs  is  the  most  important  of  these  factors,  for  even  if 
the  gland  was  full  of  venom,  toxic  symptoms  would  not  occur,  as  the  venom  could 
not  be  injected  into  the  tissues  without  these  specialized  grooved  teeth.  The 
efficiency  of  the  fangs  is  dependent  on  their  situation  in  the  mouth,  thus  in  the 
Opisthoglypha,  the  fangs  are  placed  well  back  in  the  mouth  and  unless  a  small 
prey  is  seized  they  cannot  penetrate  the  skin.  Furthermore,  in  these  snakes 
the  venom  gland  is  small,  the  venom  of  low  toxicity,  so  that  for  all  practical 
purposes  the  Opisthoglypha  can  be  regarded  as  harmless  and  excluded  from 
a  toxicological  point  of  view.  Only  snakes  possessing  anterior  fangs  will  there¬ 
fore  be  regarded  as  poisonous  to  Man  and  considered  in  our  future  discussion. 


They  consist  of  two  families  : — 

Family. 

Series. 

Sub-family. 

(viii)  Colubridae 

(c)  Proteroglyplia 

(i)  Elapinae  :  poisonous  terrestrial  Colubrides. 

(ii)  Hydrophinae  :  poisonous  sea-snakes. 

(ix)  Viperidse 

(i)  Viperinae  (pitless  vipers)  :  i.  e.  vipers 
without  a  loreal  pit. 

(ii)  Crotalinae  (pit  vipers)  :  i.  e.  vipers  with 
a  loreal  pit. 

The  division  of  the  Ophidia  into  nine  families  is  based  mainly  upon 
(i)  osteological  and  (ii)  dentition  characters.  The  osteological  characters  are 
concerned  with  the  development  of  the  cranial  bones,  and  can  only  be 
observed  in  prepared  skulls,  they  are  useless  to  the  medical  man  who  has  to 
decide  immediately  whether  a  snake  is  poisonous  or  not.  The  presence  or 
absence  of  fangs  can  easily  be  seen  by  a  proper  examination  of  the  snake’s 
mouth  even  though  the  skull  be  badly  battered  by  blows.  Certain  external 
characters  are  also  included  to  facilitate  the  recognition  of  an  unknown  snake. 
An  easily  workable  key  can  be  constructed  so  that  a  given  snake  can  be  identified 
at  once  as  belonging  to  a  particular  family.  The  poisonous  snakes  can  be  still 
further  identified  as  regards  the  genus  and  species  by  consulting  the  keys 
arranged  according  to  their  geographical  distribution.  A  brief  description  of 
the  main  characters  of  the  Ophidia  is  necessary  before  a  key  can  be  properly 
followed. 
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General  characters. — The  head  is  commonly  subovate  in  shape  ;  in  the 
Viperidae  it  is  triangular  and  large  in  size  ;  in  the  burrowing  earth  snakes  the 
head  is  blunt  and  not  distinct  from  the  neck.  The  eye,  in  the  three  families 
Typhlopidae,  Glauconiiclae  (worm-like  snakes),  and  Uropelticlae  (burrowing  earth 
snakes),  is  under  a  cycloid  scale,  in  the  remaining  families  the  eye  is  not  under 
a  scale.  The  pupil  is  generally  circular  in  shape,  but  in  the  Viperidae  it  is 
vertically  elliptical.  The  nostrils  are  usually  laterally  placed,  but  in  the 
sub-families  Homalopsinae  (fresh-water  snakes)  and  in  some  of  the  Hydrophinae 
(sea  snakes)  the  nostrils  are  valved  and  placed  above  the  snout.  The  loreal 
pit  is  a  small  depression  between  the  eye  and  nose,  the  possible  homologue  of 
the  tear-pits  of  ruminants,  and  is  only  seen  in  the  Crotalinae  (the  pit  vipers). 
This  loreal  pit  is  an  extremely  important  character,  as  the  whole  of  the 
sub-family  Crotalinae  (including  the  genus  Ancistrodon ,  Lachesis,  and  all  the 
rattle  snakes)  can  be  recognized  at  once  as  being  poisonous  from  this 
obvious  external  character.  The  submental  groove  is  the  median  groove 
under  the  chin,  but  in  the  family  Amblycephalidae  this  groove  is  absent ;  most 
snakes  possess  this  groove.  The  tail  is  generally  long  and  cylindrical  in 
shape,  in  the  Viperidae  the  tail  is  short  and  stumpy,  in  rattle  snakes 
(genus  Sistrurus  and  Crotalus)  the  end  of  the  tail  bears  a  series  of  large 
conical  scales  forming  a  rattle.  In  the  family  Uropeltidac  (burrowing  earth 
snakes)  the  tail  ends  in  a  rugose  shield  or  scute.  In  the  Hydrophinae  the  tail  is 
flattened  and  oar-shaped  like  an  eel.  In  the  family  Boidae  (Pythons,  etc.)  and 
in  the  sub-family  Dipsadinae  (Terrestrial  Colubrides  with  posterior  fangs), 
snakes  with  arboreal  habits,  the  tail  is  prehensile.  The  vent  is  situated 
in  the  posterior  two-thirds  of  the  body  on  the  ventral  surface  of  the  snake, 
and  is  covered  by  a  scale  4  the  Anal  Scale  ’,  this  scale  is  sometimes  divided 
into  two.  In  the  families  Boidae  and  Ilysiidae,  two  small  claw-like  projections 
(vestigial  limbs)  are  seen  on  either  side  of  the  vent.  The  vestigial  limbs  are 
better  marked  in  the  male  and  represent  rudimentary  femurs. 

Special  characters,  (a)  Dentition. — Medical  men  in  the  tropics  require  to  have 
some  means  to  distinguish  at  a  glance  the  difference  between  a  poisonous  and 
non-poisonous  snake.  Only  an  examination  of  the  teeth  can  give  the  necessary 
proof  whether  an  unknown  snake  is  poisonous.  A  knowledge  of  the  dentition 
of  these  reptiles  is  therefore  essential.  In  the  families  Typhlopidae  and  Glau- 
coniidae  (small  worm-like  snakes)  only  one  jaw  carries  teeth,  whilst  in  all  the 
other  families  both  jaws  carry  teeth.  The  non-poisonous  snakes  have  only 
solid  teeth  which  are  arranged  in  the  following  manner.  The  upper  jaw  is 
furnished  with  three  rows  of  teeth,  an  outer  or  maxillary  row  consisting  on  each 
side  of  30-40  small  backwardly  curved  teeth — all  solid,  and  two  inner  rows 
4  Palatine  ’  situated  in  the  roof  of  the  mouth,  consisting  of  about  20  teeth  with 
the  same  curvature  (fig.  301  a).  It  is  important  to  note  the  extent  of  the 
maxillary  row ;  in  non-poisonous  snakes  this  row  extends  the  whole  length 
of  the  gum  margin.  In  the  Opisthoglypha  (Colubrides  with  posterior  fangs), 
the  maxillary  teeth  extend  along  the  whole  gum  margin,  the  front  teeth  are 
solid,  and  one  or  more  of  the  posterior  teeth  are  grooved  to  form  fangs. 
For  our  purposes  these  snakes  are  non-poisonous,  so  we  may  state  that — 
4  if  the  outer  or  maxillary  row  of  teeth  of  a  snake  extends  along  the  whole 
of  the  gum  margin,  that  snake  is  non-poisonous  \  In  the  poisonous  snakes, 
the  maxilla  is  very  small,  and  the  front  tooth  on  each  side  is  specialized  by  being 
large  and  grooved  or  canaliculated  to  form  a  4  fang  \  So  that  on  examining 
the  mouth,  the  prominent  anterior  fang  is  seen  projecting  or  lying  folded  back 
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on  the  roof  of  the  mouth  and  covered  by  a  flap  of  mucous  membrane,  ‘  the 
vagina  dentis’  in  which  lie  concealed  the  reserve  fangs.  The  gum  margin 
behind  the  fangs  is  devoid  of  teeth  and  gives  an  appearance  as  if  the  posterior 
part  of  the  maxillary  rows  were  suppressed.  Unless  a  snake’s  head  is  thoroughly 
pulped,  one  of  these  points — viz.  the  fangs,  the  vagina  dentis,  or  the  edentulous 
condition  of  the  posterior  part  of  the  gum — can  be  made  out  and  the  snake 
identified  as  poisonous.  In  the  Proteroglypha  (Colubrides  with  anterior  fangs) 
see  fig.  301  b  and  c,  the  maxilla  is  small  and  not  very  movable,  so  that  the  fang 
projects  into  the  mouth,  and  is  almost  covered  by  the  vagina  dentis,  which  has 
to  be  retracted  by  a  quill  point  to  expose  the  small  sharp  backwardly  curved 


B  D 

Fig.  301.  A.  The  skull  of  a  non-poisonous  Colubride,  showing  the  maxillary 
row  of  teeth  ;  the  palatine  row  is  seen  at  the  back. 

B.  The  skull  of  a  poisonous  Colubride — Naia  tripudians — the  poisonous  fang 
is  followed  by  two  reserve  fangs  ;  the  palatine  row  is  seen. 

C.  The  skull  of  a  poisonous  Colubride,  the  poison  fang  is  not  followed  by  any 
reserve  teeth  ;  the  palatine  row  is  seen. 

D.  The  skull  of  a  viper.  The  poison  fangs  are  long  and  curved  and  are  followed 
by  several  reserve  fangs  ;  the  palatine  row  is  shown. 


grooved  teeth  (fangs).  In  the  Viperidae  (all  poisonous)  see  fig.  301  d,  the 
maxilla  is  small  and  freely  movable  so  that  the  fangs  are  folded  back  in  the  roof 
of  the  mouth,  covered  by  the  vagina  dentis,  when  rocked  forward  the  fangs  are 
exposed  by  the  vagina  dentis  retracting  and  are  seen  as  large,  sharply- curved 
canaliculated  teeth  with  a  point  like  a  hypodermic  needle. 

Many  authors  lay  great  stress  on  the  difference  between  the  grooved 
fang  of  the  Proteroglypha  and  the  canaliculated  fang  of  the  Viperidae. 
The  difference  is  really  one  of  degree  of  development.  In  the  Proteroglypha, 
especially  the  Hydrophinse  (sea  snakes),  the  two  infoldings  that  grow  from  the 
front  of  the  fang  do  not  unite  but  leave  a  narrow  slit  which  traverses  the  entire 
convex  surface  of  the  tooth  and  allows  the  canal  to  communicate  with  the 
exterior  throughout  its  extent.  In  the  Viperidae,  the  two  infoldings  coalesce 
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completely  so  that  the  fang  is  traversed  by  a  closed  canal  and  no  sign  of  the 
union  is  seen. 

(b)  Scale  characters.  The  scales  of  a  snake  for  descriptive  purposes  may 
be  classified  as  : 

Head  scales 
Body  scales 
Tail  scales. 


The  shape,  arrangement  and  dimensions  of  the  head  scales  are  highly 
characteristic  of  many  species  of  snakes.  The  arrangement  of  these  scales  is 
shown  in  fig.  302  and  is  easily  memorized. 

Fig.  302  a  gives  a  view  of  the  scales  seen  from  above.  A  =  the  rostral  or  beak 
scale;  B7  B//=the  pr?e-  and  post-frontals  respectively;  C=the  parietal; 


Fig.  302.  Head  scales.  A.  Colubrine  head,  viewed  from  above,  a = rostral  ; 
b  and  b "  =  anterior  and  posterior  frontals  ;  c  =  parietals  ;  D  =  occipitals  ; 
e  =  super-orbitals  or  supra-oculars  ;  f= temporals. 

B.  The  same,  viewed  from  the  side,  l = pre-nasal ;  M  =  nasal ;  n  =  post-nasal  or 
loreal ;  o  =  pr8e-oculars  ;  p  =  post-oculars  ;  Q  =  supra-labials,  numbered  from  before 
backwards. 

C.  The  same,  viewed  from  below.  G  =  mental;  n  =  infra-labials;  i  =  submentals; 
K  =  linguals. 


D=the  occipital.  In  the  King  Cobra  ( Naia  bungarus),  a  large  post-occipital 
scale  is  present,  which  is  characteristic  of  this  species  of  cobra. 

Fig.  302  b  gives  a  view  of  the  scales  seen  from  the  side. 

(i)  Those  surrounding  the  eye.  E,  the  supra-ocular  ;  O  and  P,  the  prae-  and 
post-oculars  ;  in  some  species  an  infra-ocular  is  also  present. 

(ii)  Those  surrounding  the  mouth.  Q,  the  supralabials  along  the  upper  lip, 
these  are  numbered  in  sequence  from  before  backwards.  H,  the  infra¬ 
labials  along  the  lower  lip.  In  the  Indian  Cobras  ( Naia  tripudians) 
a  small  wedge-shaped  scale  4  the  cuneate  scale  5  is  interposed  between 
the  infralabials. 

(iii)  Those  near  the  nostrils.  The  nostril  pierces  the  nasal  scale,  M ;  in  front 
of  and  behind  the  nasal  scale  are  L  and  N  the  pre-  and  post-nasals. 
Between  the  posterior  nasal  and  prae-ocular  are  one  or  more  scales  4  the 
loreals  ’  which  correspond  in  position  to  the  loreal  pit  of  the  Crotalina). 
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Fig.  302  c  gives  a  view  of  the  scales  on  the  under  surface  of  the  head.  G,  the 
mental  or  chin  scale  ;  I,  the  four  submentals  ;  and  K,  the  linguals.  The 
median  raphe  between  these  scales  is  the  submental  groove. 

The  body  scales  are  divided  into  :  (i)  Dorsal  scales,  situated  on  the  sides  and 
back  and  are  counted  from  one  side  to  the  other  (fig.  303  a).  The  number  of 
dorsal  scales  is  often  utilized  in  differentiating  species.  The  central  dorsal  scale 
No.  8  scale,  is  known  as  the  Vertebral  scale  and  in  the  genus  Bungarus  (Kraits) 
this  scale  is  enlarged  and  hexagonal  in  shape. 

(ii)  Ventral  scales  are  situated  on  the  belly  surface  and  come  in  contact  with 
the  ground.  The  Ventral  scale  in  most  species  of  snakes  extends  right  across 
the  belly  (fig.  303  b),  in  the  families  Typhlojfidae  and  Glauconiidge  the  ventral 
scales  are  small  and  the  same  size  as  the  dorsals  (fig.  303  c) ;  in  the  three  families, 


Fig.  303.  Body  scales.  A.  The  dorsal  scales  are  counted  from  one  flank  to 
the  other.  The  central  scale  vertebral  No.  8  is  enlarged  and  hexagonal  in  the 
Kraits. 

B.  Shows  the  ventral  scales  stretching  completely  across  the  abdomen. 

C.  The  uniform  dorsal  scales  seen  in  the  families  Typhlopidee  and  Glauconiidte. 

D.  The  small  ventral  scales  seen  in  the  Boidoe  and  Ilysiidie. 


Boidse,  llysiidse,  and  Uropeltidae,  the  ventral  scales  are  small  and  do  not 
completely  extend  across  the  belly  surface  (fig.  303  d).  All  snakes,  with  the 

VENTRAL  SCALE  NOT  STRETCHING  COMPLETELY  ACROSS  THE  BELLY,  ARE  NON- 

poisonous,  and  by  means  of  this  character  we  can  eliminate  five  families 
out  of  the  nine. 

The  tail  scales,  situated  on  the  ventral  surface  of  the  tail,  are  known  as 
‘  the  Subcaudals  They  may  form  a  single  row,  or  be  divided  into  two  or  more 
rows.  The  number  of  subcaudal  scales  is  sometimes  employed  as  a  character 
to  distinguish  species. 

A  key  of  identification  can  now  be  constructed  from  a  knowledge  of  the 
characters  described,  so  that  any  snake  can  be  recognized  as  poisonous  or  non- 
poisonous,  and  placed  in  one  of  the  nine  families  into  which  the  Ophidia  or 
snakes  are  divided. 
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TABLE  I 


KEY  TO  THE  FAMILIES  OF  OPHIDIA. 


(A)  Small  worm-like  snakes  leading  a  subterranean  life  ;  body  covered  with  uniform  cycloid 

scales  ;  eye  under  a  shield,  one  jaw  only  carrying  teeth. 

(I)  Lower  jaw  edentulous.  (i)  Typhlopidae. 

(II)  Upper  jaw  edentulous.  (ii)  Glauconiidae. 

(B)  Both  jaws  carrying  teeth  ;  ventral  scale  larger  than  the  dorsal. 

(I)  Ventral  scales  small  and  not  stretching  across  abdomen. 


Non- 

poisonous. 


(a)  Vestigial  limbs  present  ;  eye  not  under  a  scale. 

(iii)  Boidse  (pythons,  boas,  etc.). 

(iv)  Ilysiidae  (burrowing  earth  snakes). 

(b)  Vestigial  limbs  absent  ;  eye  usually  under  a  shield,  except  in  the 

genus  Platyplectrurus  ;  tail  ends  in  a  shield  or  scute. 

(v)  Uropeltidae  (burrowing  earth  snakes). 

(II)  Ventral  scale  large  and  extending  completely  or  almost  completely  across 
abdomen. 

(  (a)  Maxillary  teeth,  all  solid,  not  specialized  to  form  fangs,  and  extend 

along  the  whole  of  the  gum  margin . 

(a)  No  submental  groove  present. 

(vi)  Amblycephalidse. 

(/3)  Submental  groove  present. 

(i)  Facial  bones  solidly  united. 

(vii)  Xenopeltidae. 

(ii)  Facial  bones  movable. 

(viii)  Colubridae,  series  Aglyplia. 


(b)  Maxillary  teeth,  grooved  or  canaliculated  to  form  specialized  fangs. 

r  (a)  Posterior  fangs  present  ;  poison  glands  small,  and  teeth 
Harmless,  but  occasionally  <  extend  along  the  whole  of  the  gum  margin. 

cause  local  symptoms.  '  (viii)  Colubridae,  series  Opisthoglypha. 

/  (13)  Anterior  fangs  present  and  the  remainder  of  the  gum 
I  margin  bare  of  teeth. 

j  (i)  Fangs  small,  grooved  or  perforated  ;  pupil  circular  ; 

head  sub-ovate. 

(viii)  Colubridae,  series  Proteroglypha. 

(ii)  Fangs  large,  curved,  and  canaliculated  ;  pupils 
elliptical  ;  head  triangular  ;  body  stout  ; 
tail  short  and  dumpy. 

(ix)  Viperidae. 


All  highly  poisonous. 


The  sea  snakes  (family,  Colubridae  ;  series,  Proteroglypha  ;  sub-family,  Hydrophinae) 
have  been  omitted  from  the  above  key  for  purposes  of  simplification.  They  can  readily  be 
recognized  by  their  flat  oar-shaped  tails  (similar  to  an  eel),  and  are  all  poisonous. 


COLUBRIDiE  AND  VIPERIDiE. 

The  Colubridae  contain  the  bulk  of  the  Ophidia  and  are  divided  into  three 
parallel  series. 

(A)  The  Aglypha  are  non-poisonous  Colubrides  possessing  solid  teeth,  and 
are  not  capable  of  injecting  venom,  for  our  purposes  they  are  all  harmless, 
They  consist  of  three  sub-families  : 

(i)  Colubrinae — covered  with  imbricated  scales,  and  include  the  well- 

known  genera  Lycodon  (Wolf  snakes),  Zamenis  (Rat  snakes),  and 
Tropidonotus  (Iveelbacks). 

(ii)  Acrochordinae — scales  not  imbricated,  the  genus  Chersydrus  is  the 
Aglyphous  representative  of  the  Hydrophinae  (poisonous  sea  snakes). 

(iii)  Dasypeltinae  (African  egg-eating  snakes). 
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(B)  The  Opisthoglypha  (omo-Bev  behind,  yXvcprj  a  groove)  have  solid  non* 
grooved  teeth  in  the  front  part  of  the  maxillary  row  but  at  the  back  one 
or  more  teeth  are  elongated  and  canalized  to  form  posterior  fangs.  This 
series  consists  of  two  sub-families  : 

(i)  Dipsadinae — nostrils  situated  laterally,  terrestrial  or  arboreal  in 

habits.  The  majority  of  the  Indian  tree  snakes  belong  to  this 
sub-family. 

(ii)  Homalopsinae — aquatic  in  habits,  nostrils  situated  on  the  upper 
surface  of  the  snout  and  valvular.  They  are  fresh-water  snakes, 
inhabiting  rivers  and  estuaries  from  Bombay  to  Southern  China, 
Papuasia  and  North  Australia. 

(C)  The  Proteroglypha  (7 rporepov  before,  yXvcpp  a  groove)  are  of  much 
greater  interest  to  us  than  the  two  parallel  series  of  Colubridae  mentioned 
above,  as  they  are  all  armed  with  powerful  fangs  situated  in  the  front 
part  of  the  mouth.  These  fangs  are  provided  with  a  channel  in  the  shape 
of  a  deep  groove,  the  base  of  which  inosculates  with  the  papilla  containing 
the  efferent  duct  of  the  venom  gland.  These  snakes  are  therefore  able 
to  inject  their  highly  toxic  venom  and  so  cause  death  or  serious  symptoms. 
The  Proteroglypha  are  divided  into  two  sub-families  : 

(i)  The  Hydrophinae  (sea  snakes)  are  provided  with  a  flat  oar-shaped 

tail  like  an  eel.  The  body  is  more  or  less  laterally  compressed, 
the  eyes  small  with  circular  pupils,  the  nasal  scales  have  two 
notches  on  the  upper  labial  border.  Their  normal  habitat  is  the 
sea  near  the  shore,  with  the  exception  of  the  Distira  semperi  which 
lives  in  fresh-water  lakes  (Luzon  Island,  Philippines).  In  the 
Indian  Ocean  and  Persian  Gulf,  they  are  often  seen  in  large  con¬ 
geries  and  constitute  a  danger  to  fishermen.  They  are  found  in  all 
seas  in  the  tropical  zone.  Nine  genera  are  described,  and  the 
best-studied  species  is  the  Enhydrina  valakadien. 

(ii)  The  Elapinae  (land  snakes)  have  a  cylindrical  tail  and  the  body  is 
covered  with  smooth  or  carinate  scales.  They  are  encountered  in 
Asia,  Africa,  America,  and  Australia  ;  in  the  last-named  continent 
almost  all  the  snakes  belong  to  this  sub-family  and  are  therefore 
poisonous.  Europe  is  free  from  these  poisonous  snakes. 

The  Viperidae  are  characterized  by  the  triangular  shape  of  the  head,  ellipti¬ 
cal  pupils  and  a  short  stumpy  tail  with  a  thick-set  body.  The  maxillae  are  freely 
movable  and  each  carries  a  large  fang.  Several  reserve  fangs  lie  concealed  in 
the  vagina  dentis  and  replace  the  main  fangs  as  they  are  lost.  The  main  fang 
accompanied  by  its  reserve  teeth  lies  folded  back  on  the  roof  of  the  mouth  when 
the  mouth  is  closed,  and  is  only  unsheathed  and  exposed  when  the  snake  is 
striking.  The  fangs  are  not  grooved  as  in  the  Proteroglypha,  but  are  pierced 
by  a  perfectly  formed  canal.  The  Viperidae  are  found  throughout  the  world 
except  in  Madagascar  and  Australia.  They  are  divided  into  two  families  : 

(i)  The  Viperinae  (pitless  vipers)  on  account  of  the  fact  that  the  loreal  pit  is 
absent.  They  are  confined  to  the  Old  World  and  are  most  abundant  in 
Africa. 

(ii)  The  Crotalinae  ( KporaXov  a  rattle)  also  called  Pit  Vipers  on  account  of  the 
presence  of  the  loreal  pit.  The  Crotalinae  with  rattles  at  the  end  of  the 
tails  are  American  (genera  Crotalus  and  Sistrurus),  whilst  the  Crotalinae 
without  rattles  are  found  in  Asia  and  America. 


PLATE  XXVI 


V 


Naia  tripudians  var.  typica.  The  drawing  was  made  from  a  specimen  5  ft.  9  in. 
long.  The  spectacle  marking  is  seen  through  the  hood. 
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THE  PRINCIPAL  SPECIES  OF  POISONOUS  SNAKES  AND  WHERE  THEY 
ARE  FOUND. 

The  table  on  page  692  shows  the  geographical  distribution  of  the  common 
genera  of  poisonous  snakes. 

In  Europe,  the  poisonous  snakes  are  of  small  size,  their  bites  cause  local 
symptoms  and  rarely  lead  to  fatal  results  in  man.  There  are  only  five  species, 
all  belonging  to  the  genus  Vipera.  The  most  dangerous  species  to  man  are 
found  in  the  tropical  regions  of  Asia.  The  mortality  returns  for  India  alone, 
show  that  the  number  of  deaths  from  snake-bite  averages  between  20,000  to 
25,000  yearly.  These  deaths  are  mainly  caused  by  three  species  of  snakes 
viz.  the  Cobra  (Naia  tripudians),  the  Russell’s  Viper  or  Daboia  ( Vipera  russellii), 
and  the  Phoosa  ( Echis  carinatus).  In  Africa  poisonous  snakes  abound  through¬ 
out  the  tropical  and  sub-tropical  zones.  The  fatal  accidents  amongst  human 
beings  are  less  than  in  India,  owing  to  the  districts  being  more  sparsely  popu¬ 
lated.  The  sub-families  of  Viperinse  and  Elapinse  are  well  represented,  but 
there  are  no  Crotalinae.  In  America,  the  Elapinse  are  represented  by  one  genus 
Elaps,  and  there  are  28  species  described.  The  different  species  of  Elaps  are 
remarkable  for  the  brightness  and  beauty  of  their  coloration,  hence  popularly 
spoken  of  as  4  Coral  snakes  ’.  They  are  found  in  the  dense  forests  of  Central 
America,  Peru,  Brazil,  and  Mexico.  Bites  from  these  snakes  are  of  rare  occur¬ 
rence  in  man.  The  Crotalinse  are  the  most  important  poisonous  snakes  of 
America,  and  the  majority  of  deaths  in  this  continent  are  caused  by  these 
Pit  vipers.  The  poisonous  snakes  in  Oceania  (Australia  and  the  adjacent 
islands)  belong  to  the  sub-family  Elapinse,  and  the  majority  of  the  genera  are 
peculiar  to  this  continent.  There  are  no  Viperidse.  In  Malaysia,  the 
poisonous  snakes  belong  for  the  most  part  to  the  genera  described  in  Asia. 
The  Hydrophinae  (sea  snakes)  are  best  considered  together  as  they  inhabit  the 
Indian  Ocean,  Bay  of  Bengal,  and  the  tropical  belt  of  the  China  seas  and  Pacific 
Ocean,  and  are  exclusively  sea  snakes. 

EUROPE. 

The  European  poisonous  snakes  belong  exclusively  to  the  genus  Vipera. 
The  chief  characters  of  the  genus  are  :  Upper  surface  of  the  head  covered  with 
scales  or  small  shields.  Scales  keeled,  in  21  to  38  straight  longitudinal  rows. 
Subcaudals  in  two  rows. 

There  are  five  species  of  this  genus  which  can  be  recognized  by  the  following 
points  : 

(A)  Snout  obtuse  or  round,  frontal  and  parietal-  shield  distinct.  Body  scales 
usually  21  rows,  rarely  19  or  23. 

(i)  Snout  rounded,  short  and  truncated.  Frontal  shield  as  long  as 
broad  : 

Vipera  berus  (the  common  adder),  colour  very  variable — black, 
grey,  yellowish,  or  reddish  brown,  an  undulating  dark  line 
down  the  centre  of  the  back  with  lateral  spots.  A  black  mark 
shaped  like  a  V,  X,  or  circumflex  accent  on  the  head.  The  tip 
of  the  tail  red  or  yellow.  Length  350-700  millimetres. 
North  Europe,  England,  Spain,  Italy,  Bosnia. 

(ii)  Snout  obtuse  and  soft.  Frontal  shield  one  and  a  half  times  as  long 
as  broad  : 

.  V.  ursinii.  Colour  yellowish  or  pale  brown,  grey,  or  dark  brown 
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on  sides.  A  more  or  less  regular  series  of  spots  down  the 
centre  of  the  back,  with  two  or  three  series  of  dark  spots  on 
the  sides.  One  or  two  dark  angular  streaks  on  the  head. 
Belly  black  with  transverse  series  of  white  or  grey  dots. 
Length  420-500  millimetres.  Habitat  :  SE  France,  Italy, 
Austria. 

(B)  Snout  turned  up  or  ending  in  a  horny  appendage,  frontal  and  parietal 
scales  small,  indistinct  or  wanting.  Body  scales  usually  21,  rarely  23. 

(i)  Snout  slightly  upturned,  soft,  and  squarely  truncated. 

Viper  a  aspis  (the  Asp  or  Red  Viper)  colour  very  variable,  grey, 
yellowish  to  brown,  an  undulating  dark  line  down  the  centre 
of  the  back.  A  black  U-shaped  mark  on  the  head  and  a  longi¬ 
tudinal  streak  behind  the  eyes.  Length  620-675  millimetres. 
Habitat  :  France,  Black  Forest,  Switzerland,  and  Italy. 

(ii)  Snout  more  upturned  ending  in  a  horny  appendage. 

Viper  latastii.  Colour  grey  to  brown  with  an  undulating  zigzag 
line  down  the  centre  of  the  back  usually  spotted  with  white  ; 
head  with  or  without  spots  on  the  vertex  ;  black  streak 
behind  the  eyes.  Length  550-610  millimetres.  Habitat : 
Spain  and  Portugal. 

(iii)  Snout  markedly  upturned  ending  in  a  horny  appendage  covered  with 

10-20  small  scales. 

Vipera  ammodytes.  Colour  grey,  brown,  or  reddish  with  an  undu¬ 
lating  dorsal  line  spotted  with  white  :  black  streak  behind 
eye;  end  of  tail  yellow,  orange,  or  coral  red.  Length  550-640 
millimetres.  Habitat :  Tyrol  to  Turkey. 

ASIA. 

The  continent  of  Asia  harbours  a  number  of  poisonous  snakes  belonging  to 
the  two  families,  Colubridge  and  Viperidse.  The  following  key  comprises  all  the 
genera  and  the  majority  of  the  more  important  species. 

Series  C.  Proteroglypha — Anterior  maxillary  teeth  grooved — Poisonous. 
Sub-family  Elapinse — Terrestrial  or  arboreal  in  habits  ;  tail  cylindrical. 

A  synopsis  of  the  Asiatic  genera  of  Elapinae. 

(A)  Poison  fangs  followed  by  one  or  more  solid  maxillary  teeth. 

(i)  Dorsal  scales  unequal  in  size. 

(a)  Vertebral  scale  not  enlarged.  Neck  dilatable. 

(a)  Naia  (Cobras). 

(ft)  Vertebral  scale  enlarged,  hexagonal  in  shape.  Neck  not 
dilatable. 

(b)  Bungarus  (Kraits). 

(ii)  Dorsal  scales  equal  in  size.  Vertebral  scale  not  enlarged  ;  neck  not 
dilatable. 

(c)  Hemibungarus  (Indian  coral  snakes). 

(B)  Poison  fangs  not  followed  by  solid  maxillary  teeth  ;  dorsal  scales  equal. 

(i)  Poison  glands  extending  along  each  side  of  the  anterior  third  of  the 
body. 

( d )  Doliophis  (Indian  coral  snakes). 

(ii)  Poison  gland  confined  to  the  temporal  region. 

(e)  Callophis  (Indian  coral  snakes). 


PLATE  XXVII 


Fig  1. 

Fig.  1 .  — Naia  tripudians  var.  caeca.  The  Black  Cobra.  Length  about  5  ft. 


*  # 
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Fig.  2. 

Fig.  2. — Naia  tripudians  var.  fasciata.  The  Monocellate  or  Burmese  Cobra 
The  Plate  depicts  a  specimen  4  ft.  9  in.  in  length. 
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(a)  Genus  Naia  (Cobras).  Poison  fangs  with  a  distinct  groove  anteriorly, 
followed  by  one  to  three  small  solid  teeth.  Head  not  very  distinct  from  neck, 
and  covered  with  large  shields.  Eye  small  with  circular  pupils.  Neck  dilatable. 
Body  cylindrical.  Scales  unequal,  disposed  obliquely  in  a  chevron  pattern, 
smooth  in  15  or  more  rows.  Tail  moderate  ;  subcaudals  in  a  single  or  double  row. 

(i)  No  large  shields  behind  occipital  scales. 

N.  tripudians  (the  Cobra-di-capello).  Several  colour  varieties  of  this 
snake  are  found  : 

Var.  typica  (Plate  XXVI)  ;  the  common  or  spectacled  cobra  found  in 
India  and  Ceylon.  Var.  cceca  (Plate  XXVII,  fig.  1);  the  black 
cobra  ;  there  are  no  markings  on  the  hood,  but  sometimes  one 
or  more  dark  transverse  bands  across  the  anteriorpart  of  the  belly; 
Transcaspia,  India,  Java.  Var.  fasciata  (Plate  XXVII,  fig.  2)  ; 
the  Burmese  cobra ;  colour  brown,  olive,  or  black  with  a  U  or  O 
on  the  neck  behind  ;  Burma,  South  China,  Malay  Peninsula.  Var. 
sputatrix  ;  the  Malayan  cobra  ;  black  or  brown  with  yellow  or 
orange  spots  on  the  sides  of  the  head  and  neck,  throat  white  ; 
South  China,  Malay,  Sumatra,  Java.  Var.  leucodira  ;  brown  or 
black  without  marks  on  neck,  throat  yellowish  white  with  a  black 
transverse  band ;  Sumatra,  Malay  Peninsula.  Var .?niolepis;  brown 
or  black,  no  marks  on  neck,  throat  and  sides  of  neck  yellowish, 
yellow  rings  encircle  body  and  tail  ;  Sarawak  and  Borneo. 

(ii)  One  or  more  large  shields  behind  the  occipitals. 

(a)  A  pair  of  large  post-occipital  scales. 

N.  bungarus  (the  King  cobra  or  Hamadryad)  (Plate  XXVIII,  fig.  1). 
Colour  very  variable,  yellowish,  olive,  or  black,  with  or  without 
dark  transverse  bands.  This  snake  is  the  largest  and  most 
formidable  of  the  poisonous  Colubrides.  It  is  very  aggressive 
and  quick  in  movement,  but  fortunately  seldom  met  with.  It 
lives  near  rivers  and  streams  in  the  dense  jungles  of  Assam, 
Burma,  South  China,  and  the  Malayan  archipelago. 

((3)  One  to  three  large  post-occipital  scales. 

N.  samarensis.  Coloration  black  or  yellowish  above,  pale  brown 
or  yellow  on  the  belly  :  neck  black.  Philippine  Islands. 

(b)  Genus  Bungarus  (Kraits).  Poison  fangs  with  a  distinct  groove 
anteriorly,  followed  by  1-3  solid  teeth.  Head  not  distinct  from  neck,  with  large 
shields,  no  loreal  scales.  Eye  small  with  round  pupil.  Scales  smooth  in  13-15 
rows  ;  vertebral  scales  enlarged  and  hexagonal  in  shape.  Tail  moderate  or 
short  ;  subcaudals  in  a  single  or  double  row. 

Distribution  :  East  Indies  and  South  China. 

Synopsis  of  the  Indian  species  of  Kraits. 

(A)  Vertebral  scale  much  enlarged,  broader  than  long. 

(i)  Subcaudals  in  a  single  row. 

(a)  A  prominent  dorsal  ridge  ;  tail  ending  very  obtusely  ;  anterior 

temporal  shield  scarcely  longer  than  deep. 

Bungarus  fasciatus  (the  Banded  Krait)  (Plate  XXIX,  fig.  1). 
Coloration  :  alternate  bands  of  yellow  and  deep  blue  or 
black.  India,  South  China,  Malay,  Sumatra,  Java. 

(b)  No  dorsal  ridge  ;  tail  tapering  to  a  point  ;  anterior  temporal 

,  shield  much  longer  than  deep. 
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(b  i)  Frontal  scale  a  little  longer  than  broad. 

B.  ceylonicus  (the  Ceylon  krait). 

(b  ii)  Frontal  scale  much  longer  than  broad. 

B.  candidus  (the  common  krait)  (Plate  XXIX,  fig.  2). 
Coloration  :  brownish  to  deep  blue  or  black  with 
thin  lines  or  dots  of  white  or  cream.  There  are 
several  sub-species  described ;  multicinctus,  sindanus. 
Length  2|-4j  feet.  Common  all  over  India,  but 
rarely  causes  death  as  the  snake  will  only  bite  if 
annoyed  or  injured. 

(ii)  Subcaudals  in  pairs,  or  only  a  few  of  the  anterior  single. 

B.  bungaroides—a  rare  snake. 

(B)  Vertebral  scales  feebly  enlarged  and  only  as  broad  as  long. 

B.  lividus  (the  black  krait).  Coloration  :  uniformly  black 
or  brown  above,  upper  lip  white  ;  belly  white  or  pale  brown. 
Assam. 

(c,  d,  e)  The  Indian  Coral  Snakes.  All  the  snakes  belonging  to  these  three 
genera  are  remarkable  for  their  bright  and  varied  colours.  They  are  small  in 
size  and  rarely  bite,  consequently  fatal  accidents  from  their  bites  amongst 
human  beings  are  almost  unknown.  Their  venom  is  very  toxic  for  animals, 
but  the  amount  present  in  the  genus  Callophis  is  scarcely  sufficient  to  cause 
death.  In  the  genera  Hemibungarus  and  Doliophis,  the  poison  gland  instead  of 
being  confined  to  the  temporal  region  as  in  the  genus  Callophis ,  extends  along 
each  side  of  the  body  for  about  one-third  of  the  snake’s  length,  gradually  thicken¬ 
ing,  and  terminates  in  front  of  the  heart  with  a  club-shaped  end.  The  presence 
of  this  gland  may  be  detected  without  dissecting  the  snake,  by  a  thickening  of 
the  cardiac  region  in  the  second  third  of  the  body,  the  heart  being  shifted  farther 
back  than  in  other  snakes,  owing  to  the  extension  of  the  glands.  A  synopsis 
of  the  species  of  these  three  genera  is  as  follows  : 

(A)  Poison  gland  extending  to  the  cardiac  region  and  producing  a  thickening 
in  the  2nd  third  of  the  body. 

(i)  Fangs  followed  by  one  solid  maxillary  tooth. 

(c)  Hemibungarus.  Head  not  distinct  from  neck,  eye  small 
with  round  pupil.  Temporal  shields  in  a  single  row. 
Nostril  between  two  scales.  Scales  13  or  15  rows,  smooth, 
equal.  Tail  short,  subcaudals  in  pairs. 

(i)  Temporals  1+1.  Back  red  with  black  bands  crossed 
by  others  tinged  with  yellow.  Head  black  ;  belly 
yellow  with  black  spots  and  bands.  H.  japonicus. 

(ii)  Temporals  2+3;  six  upper  labials.  Black  with 

yellow  collar  on  occiput  ;  belly  red  with  black 
bands.  H.  calligaster. 

(iii)  A  single  temporal  scale ;  seven  upper  labials.  There 

are  four  distinct  colour  varieties  ;  in  all,  the  head  is 
black  with  an  oblique  yellow  band,  and  also  two 
splashes  of  yellow  in  front  of  and  behind  the  eyes  ; 
belly  uniformly  red.  H.  nigrescens. 

(iv)  No  anterior  temporal  scales.  Head  and  back  black 

with  a  yellow  collar  on  the  occiput  ;  red  and  black 
bands  on  belly.  H.  collaris. 


PLATE  XXVIII. 


OAfrr^ix  OMC 


Fig.  1. 

Fig.  1. — Naia  bungarus,  the  King  Cobra  or  Hamadryad.  The  painting  was 
made  from  a  specimen  11^  feet  long.  There  are  several  colour  varieties. 


Fig.  2. 

Fig.  2. — Lachesis  gramincus,  the  Green  Pit  Viper.  An  aboreal  snake  in  a 
characteristic  position  waiting  for  its  prey.  Length  about  2|  feet. 
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(n)  Fangs  not  followed  by  maxillary  teeth. 

(d)  Doliophis.  Same  generic  characters  as  Callophis  but  differs 
in  the  large  size  of  the  poison  gland.  There  are  four 
species,  two  are  found  in  Indo-China,  etc.,  and  two  in  the 
Philippines. 

(i)  Red  on  the  head,  tail,  and  belly  ;  black  or  purple  on 
the  back.  Burma  to  Borneo.  D.  bivirgatus. 

(ii)  Black  or  brown  on  the  back  with  darker  or  lighter 
longitudinal  streaks  ;  belly  red  with  black  streaks  ; 
tail  red  underneath.  Burma  to  the  Celebes. 
D.  intestinalis . 

(iii)  Black  on  the  back  with  two  white  longitudinal  lines  ; 

belly  black  and  white  ;  tail  orange  with  black  spots. 
Philippine  Islands.  D.  bilineatus. 

(iv)  Head  brown  with  yellow  spots,  brown  bands  separated 

by  red  or  yellow  ;  interspaces  on  back,  bands 
becoming  black  on  the  ventral  surface.  D.  pliilip- 
pinus. 

(B)  Poison  gland  confined  to  the  temporal  region,  and  fangs  not  followed  by 
maxillary  teeth. 

(e)  Callophis.  Head  not  distinct  from  neck,  with  large  shields  ;  no 
loreals.  Eye  small,  with  round  pupil.  Body  cylindrical,  slender. 
Scales  smooth,  equal,  in  13  rows.  Tail  short  ;  subcaudals  in 
pairs. 

(a)  One  prse-  and  two  post-oculars. 

(a)  Six  upper  labials.  C.  trimaculatus. 

(b)  Seven  upper  labials. 

(b')  A  single  temporal  shield  ;  anterior  chin  shield  in 
contact  with  4  or  5  labials.  C.  maculiceps. 

(b")  Temporals  1+1,  anterior  chin  shield  in  contact 
with  3  labials.  C.  macclellandii. 

(b)  No  prae-ocular  ;  one  post-ocular.  C.  bibronii. 

Family  Viperidae. 

Anterior  maxillary  teeth  large  grooved  and  canaliculated,  all  poisonous. 
The  snakes  of  this  family  are  amongst  the  most  deadly  known.  Of  the  Indian 
forms,  Viper  a  russellii  is,  after  the  cobra,  the  most  dangerous  poisonous  snake  ; 
next  comes  the  little  Echis  carinatus ,  which  is  also  highly  poisonous,  though  less 
dangerous  to  man  on  account  of  its  small  size.  The  Indian  Crotalinfe,  genera 
Lachesis  and  Ancistrodon ,  have  comparatively  small  venom  glands  and  their 
bites  do  not  usually  cause  death. 

A  Synopsis  of  the  Asiatic  genera  of  Viperidae. 

(A)  No  loreal  pit  present — sub-family  Viperinse  (pitless  vipers). 

(i)  Head  covered  with  large  symmetrical  shields. 

(a)  Azemiojis. 

(n)  Upper  surface  of  head  covered  with  scales  or  small  shields. 

(a)  Subcaudals  in  two  rows. 

(a')  Head  not  surmounted  with  horny  appendages. 

,  (b)  Viper  a. 
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(a")  Plead  surmounted  with  horny  appendages. 

(i)  A  series  of  raised  supra -orbital  scales. 

(c)  Pseudocerastes. 

(ii)  Two  erectile  horns  above  eye. 

(d)  Cerastes. 

(b)  Subcaudals  in  a  single  row 

(e)  Echis. 

(B)  Loreal  pit  present,  sub-family  Crotalinse  (pit  vipers), 
i.  Head  covered  with  large  symmetrical  scales. 

(a)  Ancistrodon. 

ii.  Head  covered  with  small  scales. 

(b)  Lachesis. 


Sub-family  Viperinse. 

(a)  Genus  Azemiops.  Head  covered  with  large  symmetrical  scales,  loreal 

shield  present.  Scales  smooth  in  17  rows.  Subcaudals  in  two  rows. 
Only  one  species  known  which  bears  in  external  appearance  a  striking 
resemblance  to  a  harmless  Colubride. 

A.  fece.  Length  two  feet.  Kakhyen  Hills,  Burma. 

(b)  Genus  Vipera.  Upper  surface  of  head  covered  with  scales  or  small 
shields.  Scales  keeled  in  21-38  straight  longitudinal  rows.  Subcaudals 
in  two  rows. 

(i)  Body  scales  in  21  rows. 

V.  renardi  resembles  the  European  V.  berus ,  but  the  snout  is 
soft,  pointed  and  turned  up  at  the  tip  ;  a  single  row  of 
scales  between  eye  and  lip.  Supralabials  8-9.  Infralabials  4. 
Coloration :  same  as  V.  ursinii,  but  snout  and  lips  spotted  with 
dark  areas.  Central  Asia. 

(ii)  Body  scales  in  23  rows. 

V.  raddii.  Snout  rounded,  supra-ocular  scales  erectile,  supra¬ 
labials  9-10.  Coloration  :  brown  or  grey  on  the  back,  with 
alternating  pairs  of  reddish  spots  ;  a  black  circumflex  accent 
mark  on  the  occiput  and  a  black  line  behind  eyes  ;  belly  yellow 
and  speckled  with  black  and  white  spots.  Armenia. 

(iii)  Body  scales  in  23-7  rows. 

V.  lebetina.  Snout  obtuse,  with  a  prominence,  three  to  four  series 
of  scales  between  eye  and  labials.  10-12  supralabials. 
Coloration  :  back  pale  grey-brown  with  darker  spots  or  cross 
bands  ;  a  large  circumflex  accent  mark  on  head  and  another  on 
the  occiput  ;  belly  white,  powdered  with  grey  spots  ;  end  of 
tail  yellow.  Cyprus,  Turkey  in  Asia,  Persia,  Afghanistan, 
N.W.  Frontier  of  India  and  North  Africa. 

(iv)  Body  scales  in  27-31  rows. 

V.  russellii.  Snout  obtuse,  nostrils  very  large  between  three 
shields,  three  or  four  series  of  scales  between  eye  and  labials. 
Supralabials  11-12  :  fourth  largest.  Coloration  :  greyish 
brown  to  red-brown  on  back,  with  a  triple  row  of  black  rings 
running  down  the  back  and  sides,  the  rings  are  frequently  edged 
with  white,  and  enclose  dark  reddish  brown  areas.  The  coales¬ 
cence  of  these  rings  is  very  variable  in  different  individuals.  The 
belly  is  yellowish  white  and  speckled  with  small  black  crescentic 


PLATE  XXIX 


Fig.  1. 

Fig.  1  •  Bungarus  fasciatus,  the  Banded  Krait.  Length  up  to  5£  feet. 
Back  ridged  with  large  hexagonal  vertebral  scales. 


Fig.  2. 

Fig.  2. — Bungarus  candidus,  the  Common  Krait.  Length  2£  to  4|  feet. 
Colour  varies  from  brown  to  a  deep  blue. 
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spots.  India,  Burma,  Ceylon,  and  Siam.  This  viper,  next  in 
order  to  the  Common  Cobra,  accounts  for  a  large  number  of 
deaths  in  India.  It  is  sluggish  in  habits,  and  will  not  usually  move 
out  of  the  way,  but  assumes  a  defensive  position  (Plate  XXX, 
fig.  1)  warning  the  intruder  by  hissing  that  he  will  be  bitten  if  he 
approaches. 

vc)  Genus  Pseudocerastes.  Head  distinct  from  neck  and  covered  with 
small  imbricated  scales  ;  eyes  small  with  vertically  elliptical  pupils  and 
the  supra-ocular  scales  arranged  in  a  projecting  ridge.  The  nostrils 
directed  upwards  and  outwards.  The  snout  short  and  rounded. 

One  species  : — Pseudocerastes  persicus.  Coloration  :  grey  or  brown 
with  large  black  spots  arranged  in  four  series  ;  two  longitudinal 
black  streaks  behind  the  eye.  Belly  white,  dotted  with  black  spots. 
Habitat :  Persia,  and  extends  as  far  as  Baluchistan. 

(d)  Genus  Cerastes.  Head  distinct  from  neck  and  covered  with  small 
juxta-imposed  or  imbricated  scales  ;  eyes  small  with  vertically  elliptical 
pupils.  Nostrils  wide  and  open  upwards  and  outwards.  Body  cylindri¬ 
cal  ;  tail  short.  Scales  keeled  with  apical  pits,  23-35  rows.  Subcaudals 
divided.  The  Cerastes  are  African  vipers,  but  one  species  extends 
through  Arabia  to  the  N.W.  Frontier  of  India. 

Cerastes  cornutus  (the  Horned  Viper).  Snout  short  and  broad,  two 
erectile  horns  above  eyes,  4-5  series  between  eye  and  lips.  Supra- 
labials  12-15  ;  infralabials  3  ;  body  scales  in  27-35  rows.  Colora¬ 
tion  :  grey  or  brownish  yellow  with  or  without  spots,  when  present, 
form  4-6  series,  the  two  central  series  often  cross.  An  oblique 
black  streak  behind  the  eye.  Belly  white,  tail  usually  black. 
Habitat :  the  whole  of  North  Africa,  South  Palestine,  Arabia  to 
India. 

(e)  Genus  Echis.  Head  distinct  from  neck,  and  covered  with  small  scales  ; 

eyes  small,  pupils  vertical.  Seales  keeled  in  25-35  rows,  the  lateral 
scales  obliquely  disposed.  Subcaudals  in  a  single  row — an  important 
generic  character.  Two  species  found  in  Asia  : 

(i)  Echis  carinatus  (the  Efa  or  Phoosa).  (Plate  XXX,  fig.  2),  at  once 

recognized  by  the  cruciform  or  broad  arrow  mark  on  the  vertex. 
Coloration  :  buff  to  reddish  brown,  with  three  series  of  cream- 
yellow  lines  running  down  the  whole  length  of  the  snake.  The 
central  or  straight  line  is  frequently  broken  up  into  irregular  bars 
or  dots,  the  two  lateral  undulating  lines  are  less  broken.  Belly 
uniform  white  or  with  brown  spots.  Habitat  :  Palestine,  Arabia, 
India,  especially  the  Bombay  Presidency  and  N.W.  Frontier,  and 
Aden.  This  little  viper  causes  a  number  of  deaths  in  certain  dis¬ 
tricts  in  India. 

(ii)  Echis  coloratus.  No  cruciform  mark  on  head.  Coloration  :  buff 
to  reddish  brown  with  diamond-shaped  markings  down  the  back. 
Habitat  :  Palestine,  Arabia,  Socotra. 

Sub-family  Crotalinse. 

(a)  Genus  Ancistrodon.  Head  with  large  symmetrical  shields.  Tail 
ending  in  a  point  ;  subcaudals  in  two  rows  in  the  Asiatic  species.  A  few 
of  the  subcaudals  may  not  be  divided.  As  the  members  of  genus  rarely 
•  cause  death  in  man  a  brief  synopsis  only  will  be  given. 
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(i)  Snout  ends  in  an  appendage  and  is  turned  up. 

Body  scales  in  17  rows — Ancistrodon  liypnale  (the  Cara  walla  of 
Ceylon).  Habitat  :  Western  Ghats  of  India  and  Ceylon. 
Body  scales  in  21  rows. — Ancistrodon  acutus.  Ventrals  162-6. 
Subcaudals  58-60.  Upper  Yang-tse,  China. 

Ancistrodon  rhodostoma. — Ventrals  138-57.  Subcaudals  34-54. 
Java. 

Body  scales  in  23  rows.  Ancistrodon  halys — Central  Asia. 

(ii)  Snout  not  ending  in  an  appendage. 

Snout  slightly  upturned — Ancistrodon  himalayanus.  India — 
especially  Kashmir  and  Himalayas,  5,000  to  10,000  feet. 
Snout  not  upturned — Ancistrodon  blomhojfii — similar  to  A.  halys , 
but  scales  in  21  rows.  Mongolia,  China,  Japan. 

(b)  Genus  Lachesis.  Head  covered  with  scales,  tail  often  prehensile, 
ending  in  a  point,  the  subcaudal  shields  are  in  two  rows  in  the  Asiatic  species. 
This  genus  is  represented  by  many  species  in  Asia  and  tropical  America.  The 
Asiatic  species  are  smaller  and  less  formidable  and  can  be  identified  by  the 
following  key. 

A  Synopsis  of  the  Asiatic  species  of  Lachesis. 

(A)  The  first  infralabial  scale  in  contact  with  its  fellow  on  the  opposite  side. 

(i)  Scales  in  13-19  rows.  Ventrals  134-70.  Subcaudals  48-67. 

L.  trigonocephalus.  Scales  17-19  rows.  4-5  scales  between  the 
supra-oculars,  last  ventral  scale  notched  or  divided.  Ceylon. 
L.  macrolepsis.  Scales  13-15  rows,  upper  head  scales  large  and 
shield-like.  Southern  India,  Deccan,  etc. 

(ii)  Scales  in  21  rows,  rarely  19  or  23.  Ventrals  134-91.  Subcaudals 

44-82.  7-13  scales  between  supra-oculars.  Tail  slightly  prehen¬ 

sile. 

L.  gramineus.  Temporal  scales  smooth.  Himalayas,  South 
China,  Java,  Sumatra  (see  Plate  XXVIII,  fig.  2). 

L.  anamallensis.  Temporal  scales  obtusely  keeled.  South  India, 
Nilgiris. 

L.  flavomaculatus.  Philippine  Islands. 

L.  sumatranus.  Singapore,  Sumatra,  Borneo. 

(iii)  Scales  in  21-25  rows,  rarely  27.  Ventrals  129-58.  Subcaudals 

21-57.  5-9  scales  between  the  supra-oculars.  Tail  not  prehensile. 

L.  monticola.  Supra-ocular  scales  large.  Himalayas,  Burma, 

Malay. 

L.  okinavensis.  Supra-ocular  scales  large.  Okinawa,  Loo  Choo 
Islands. 

L.  strigatus.  Supra-oculars  small.  Southern  India,  Deccan,  etc. 

(iv)  Scales  in  21-27  rows.  Ventrals  160-218.  Subcaudals  54-92, 

7-15  scales  between  supra-oculars.  Tail  not  or  slightly  pre¬ 
hensile. 

L.  jerdonii.  7-9  scales  between  supra-oculars,  which  are-large  in 
size.  N.E.  frontier  of  India,  South  China. 

L.  macrosquamatus.  10-15  scales  between  supra-oculars,  which 
are  narrow.  Assam,  Formosa. 

L.  purpureomaculatus.  Supra-oculars  narrow  and  broken  up. 
Himalayas,  Burma,  Malay,  Andamans,  Nicobar,  Sumatra. 


PLATE  XXX. 


Fig.  1. 

Fig.  1. —  Viper  russellii.  Russell’s  Viper  or  Daboia,  shown  in  a  defensive 

position.  Length  up  to  4|  feet. 


riioLofj . 


Fig.  2. 


Fig.  2. — Eclus  carinatus ,  the  Efa  or  Phoosa,  in  a  characteristic  position 


waiting  to  strike. 


Length  18  to  29  inches. 


t 
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(v)  Scales  in  27  to  37  rows.  Ventrals  174-231.  Subcaudals  54-90. 
Tail  not  prehensile. 

L.  riukianus.  Loo  Choo  Islands. 

L.  cantoris.  Andaman  and  Nicobar  Islands. 

(B)  First  infralabial  scale  separated  from  its  fellow  on  opposite  side  by  a  pair 
of  small  supernumerary  dental  scales.  Ventrals  144-76.  Subcaudals 
38-57.  Scales  19-27.  Tail  prehensile. 

L.  puniceus.  12-14  scales  between  oculars.  Sumatra,  Java, 
Borneo. 

L.  borneensis.  10-11  scales  between  oculars.  Borneo  and 
Sumatra. 

L.  wagleri.  Malay  Peninsula. 

AFRICA. 

The  continent  of  Africa  in  the  tropical  and  subtropical  zones  abounds  in 
poisonous  snakes,  which  are  evenly  distributed  between  the  families  Colubridse 
and  Viperidse.  The  following  key  comprises  all  the  genera  found  and  the  more 
important  species. 

Series  C.  Proteroglypha.  Anterior  maxillary  teeth  grooved  :  poisonous. 
Sub-family  Elapinse.  Terrestrial  or  arboreal  in  habits,  tail  cylindrical. 

A  Synopsis  of  the  Genera  of  Elapinse  found  in  Africa. 

.  (A)  Poison  fang  followed  by  one  or  more  solid  teeth. 

(i)  Neck  not  dilatable. 

(F)  Scales  smooth  in  21  rows.  Tail  moderate. 

(a)  Boulengerina. 

(i")  Scales  oblique,  smooth,  in  13-15  rows.  Tail  very  short. 

(b)  Elapechis. 

(ii)  Neck  dilatable.  Scales  15-25  rows.  Tail  conical,  pointed. 

(c)  Naia. 

(B)  Poison  fang  not  followed  by  solid  teeth. 

(i)  A  long  tooth  projecting  from  the  end  of  each  ramus  of  the  mandible. 

(d)  Dendraspis. 

(ii)  Mandibular  tooth  not  prominent. 

(ii')  Head  not  distinct  from  neck.  Scales  19  rows — oblique,  keeled, 

(e)  Sepedon. 

(ii")  Head  slightly  distinct  from  neck.  Scales  19-25  rows,  oblique, 
smooth,  or  keeled. 

(f)  Aspidelaps. 

(ii"')  Head  distinct  from  neck.  Scales  in  23  rows,  smooth  or  feebly 
keeled. 

(g )  W alterinnesia . 

(a)  Genus  Boulengerina.  Head  hardly  distinct  from  neck.  Eye  small 

with  circular  pupils  ;  nostrils  between  two  shields.  Body  cylindrical, 
scales  smooth  in  21  rows,  ventrals  rounded.  Tail  moderate,  subcaudals 
in  two  rows. 

-  B.  stormsi.  Coloration  :  brown  with  black  transverse  bars  on  neck  ; 

belly  white  in  front  altering  to  brown  ;  tail  black.  Ventral  scales 
’with  a  black  border.  A  small  snake  nine  inches  in  length.  Found 
near  Lake  Tanganyika. 

(b)  Genus  Elapechis.  Head  not  distinct  from  neck.  Eye  small  with  round 
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pupil  ;  nostril  between  two  nasal  shields.  Body  cylindrical,  scales 
smooth  in  13-15  rows  ;  ventrals  rounded.  Tail  very  short,  subcaudal 
shields  in  two  rows.  Six  species  are  known. 

(i)  Scales  in  13  rows. 

E.  guentheri.  Colour  white  or  grey  with  black  cross  bands  edged 
with  white  ;  belly  white  to  grey.  Central  Africa  and  Congo. 

E.  niger.  Colour  black  all  over.  Zanzibar. 

E.  hessii.  Colour  grey  with  black  cross  bars,  sides  with  a  series  of 
black  spots,  large  black  block  on  occiput  ;  belly  white.  Congo. 

E.  decosteri.  Snout  pointed.  Colour  grey  with  black-edged  scales ; 
belly  white.  Delagoa. 

E.  sundevalli.  Snout  pointed.  Colour  reddish  brown  with  trans¬ 
verse  yellow  bands.  Upper  lip  and  belly  yellow.  Kaffraria. 

(ii)  Scales  in  15  rows. 

E.  boulengeri.  Colour  black  with  narrow  white  transverse  bands. 
Head  white  with  a  thin  black  streak  down  the  centre  ;  bellv 
blackish  grey.  Zambesi. 

(c)  Genus  Naia.  The  characters  of  this  genus  have  already  been  described 

(see  Asia,  p.  695).  Six  species  are  found  in  Africa. 

(i)  Scales  on  the  neck  and  body  in  15  rows. 

N.  goldii.  Eyes  large,  two -thirds  of  the  length  of  the  snout. 
Ventrals  194-5.  Subcaudals  88.  Colour  black,  cheeks  and 
end  of  snout  white,  the  scales  tipped  with  black  ;  belly  white  in 
front,  black  behind  ;  subcaudal  scales  black.  Lower  Niger. 

(ii)  Scales  on  the  neck  and  body  in  17  rows. 

N.  anchietce.  Ventrals  181-192.  Subcaudals  52-62.  Colour 
black  or  brown,  cheeks  and  end  of  snout  yellow  ;  belly  yellow  or 
brown  with  or  without  black  markings  under  neck. 

(iii)  Scales  on  the  neck  in  21-23  rows. 

N.  hajee  (the  Egyptian  cobra).  The  neck  is  not  so  dilatable  as  in 
the  Indian  cobra.  Sixth  or  seventh  supralabial  in  contact  with 
the  post-oculars.  Eye  separated  from  the  labials  by  a  subocular. 
Ventral  scales  191-194.  Subcaudals  53-64.  Colour  yellow 
olive  or  black  ;  belly  yellow  with  black  bands  on  neck.  Egyj:>t, 
South  Palestine,  East  Africa  as  far  as  Mozambique. 

N.  flava.  Same  scale  arrangements  as  the  N.  hajee.  Ventrals 
200-227.  Subcaudals  50-67.  South  Africa. 

N.  melanoleuca.  Tropical  Africa. 

N.  nigricollis.  Third  supralabial  the  largest,  sixth  and  seventh 
not  in  contact  with  the  post-oculars.  Colour  variable,  black 
transverse  band  on  neck.  Central  Tropical  Africa. 

(d)  Genus  Dendraspis.  Poison  fang  not  followed  by  other  teeth,  prominent 
tooth  at  the  end  of  the  ramus  of  each  mandible.  Head  narrow  elon¬ 
gated.  Eyes  moderate  in  size  with  circular  pupils  ;  nostrils  between  two 
shields.  Body  compressed;  scales  smooth,  narrow,  and  very  oblique  in 
13-23  rows.  Ventrals  rounded.  Tail  long,  subcaudals  in  two  rows. 

D.  viridis.  Colour  uniform  olive  green.  Shields  on  the  head  edged 
with  black  ;  lips  yellow  ;  belly  and  tail  yellow,  with  scales  and 
shields  bordered  with  black.  West  Africa. 

D.  angusticeps  (the  Mamba).  Colour  olive,  green  or  black  and  uni¬ 
formly  coloured  ;  belly  pale  green  or  yellow.  Shields  not  bordered 
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with  black.  South  of  the  Congo,  Central  and  East  Africa  as  far  as 
Natal. 

D.  antinorii.  Colour  olive,  belly  yellow.  Abyssinia. 

(e)  Genus  Sepedon.  Poison  fangs  not  followed  by  other  teeth.  Head  not 

distinct  from  neck.  Eyes  moderate  with  circular  pupils  ;  nostril  between 
two  nasals  and  an  internasal  scale.  Body  cylindrical ;  scales  oblique, 
keeled  in  19  rows.  Ventrals  rounded.  Tail  moderate  in  size,  subcaudals 
in  two  rows. 

S.  hcemacliates  (the  Spitting  Snake  or  ring  hals  slang).  Colour,  body 
bluish  brown  with  numerous  undulating  narrow  yellow  bands.  The 
throat  is  black  or  dark  red  ;  the  belly  grey.  West,  East,  and  South 
Africa.  This  snake  is  stated  to  be  able  to  spit  its  venom  as  far  as 
a  yard  or  more,  and  if  the  venom  enters  the  eye,  it  sets  up  severe 
conjunctivitis. 

(f)  Genus  Aspidelaps.  Poison  fangs  not  followed  by  other  teeth.  Head 

slightly  distinct  from  neck.  Eyes  moderate  in  size,  pupils  round  or  verti¬ 
cally  elliptic.  Rostral  shield  large  and  detached  on  the  sides.  Body 
cylindrical,  scales  oblique,  smooth  or  keeled,  in  19-23  rows.  Ventrals 
rounded.  Tail  short,  obtuse,  subcaudals  in  two  rows. 

A.  lubricus.  Ventrals  146-167.  Subcaudals  20-28.  Colour  orange 
or  red  with  black  rings.  Cape  Colony  and  Namaqualand. 

A.  scutatus  (Fula-fula  of  Mozambique).  Ventrals  115-135.  Sub¬ 
caudals  24-38.  Colour  pale  grey  with  black  spots  or  cross  bars. 
Head  has  a  circumflex  accent  mark,  neck  encircled  by  a  black  collar 
and  a  black  streak  below  eyes  ;  belly  white.  Natal,  Delagoa  Bay, 
Mozambique. 

(g)  Genus  Walterinnesia.  Poison  fangs  not  followed  by  other  teeth. 
Head  distinct  from  neck.  Eyes  small  with  round  pupils.  Nostril 
between  two  or  three  nasal  shields  and  the  internasal.  Body  cylindrical, 
scales  smooth  or  feebly  keeled,  in  23  rows.  Ventrals  rounded.  Tail 
rather  short,  subcaudals  for  the  most  part  in  two  rows. 

IF.  cegyptia.  Colour  :  back  brownish  black,  belly  a  paler  colour. 
Habitat  Egypt. 

Viperidae. 

The  African  Viperidae  all  belong  to  the  subfamily  Viperinae  (i.  e.  vipers  with¬ 
out  a  loreal  pit),  and  are  of  great  importance  from  a  toxicological  point  of  view. 
There  are  no  Crotalinae  found  in  Africa.  The  following  are  the  seven  principal 
genera  : 

A  Synopsis  of  the  African  Genera  of  Viperinae. 

(i)  Head  covered  with  large  symmetrical  shields. 

Mandibles  carry  teeth  in  front. 

(a)  Causus. 

Mandible  edentulous,  only  two  or  three  small  teeth  in  the  middle  of 
the  dentary  bone. 

( b )  Atractaspis. 

(ii)  Head  covered  with  small  scales  or  shields. 

(1)  Subcaudals  divided. 

(1')  Nostrils  pierce  a  single  nasal  shield,  a  deep  pit  above  nostril, 
closed  by  a  valvular  supranasal. 

(c)  Bitis  (Puff  Adders). 
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(1")  Nostrils  not  valvular,  and  piercing  one  or  more  nasals. 

Head  covered  with  small  imbricated  scales  with  a  larger 
supra-ocular  shield. 

( d )  Viper  a. 

Head  with  imbricated  scales,  with  tubercularly  keeled 
scales,  or  horns  above  eye. 

(e)  Cerastes  (Horned  Vipers). 

(2)  Subcaudals  in  a  single  row. 

(2')  Tail  not  prehensile,  10-15  scales  from  eye  to  eye. 

(/)  Echis. 

(2")  Tail  prehensile,  7-10  scales  from  eye  to  eye. 

(g)  Athens. 

(a)  Genus  Causus.  Head  distinct  from  neck  and  covered  with  symmetrical 
shields.  Lower  jaw  carrying  teeth  in  front.  Nostrils  between  two  nasals 
and  an  internasal.  Eyes  moderate  in  size,  pupils  round,  eye  separated 
from  labials.  Body  cylindrical  ;  scales  smooth  or  keeled  oblique  on  the 
flanks  in  15-22  rows  ;  ventral  scales  round.  Tail  short,  subcaudals 
single  or  divided. 

(1)  Scales  in  15  rows  ;  subcaudals  single. 

C.  lichtensteinii.  Snout  obtuse.  Ventrals  142-144.  Sub¬ 
caudals  15-21.  Colour  greyish  with  black  chevrons. 
Gold  Coast  and  Congo. 

(2)  Scales  in  17-21  rows.  Subcaudals  divided. 

(2')  Snout  prominent  and  upturned. 

Scales  in  17  rows. 

C.  defillipii.  Ventrals  113-125.  Subcaudals  10-18. 

Central  and  East  Africa,  Transvaal. 

Scales  in  19-22  rows. 

C.  resimus.  Ventrals  134-152.  Subcaudals  17-25. 

Central  and  East  Africa. 

(2//)  Snout  obtuse,  moderately  prominent. 

C.  rhombeatus.  Ventrals  120-155.  Subcaudals  15-29. 
Tropical  Africa,  from  the  Cape  to  Gambia. 

(b)  Genus  Atractaspis.  This  genus  is  characterized  by  its  enormous  poison 
fangs,  a  few  teeth  on  the  palatines  and  none  on  the  pterygoid.  The  man¬ 
dible  is  edentulous  in  front,  and  there  are  only  two  or  three  small  teeth 
in  the  middle  of  the  dentary  bone.  Head  is  small,  not  distinct  from  the 
neck,  and  covered  with  large  symmetrical  shields.  Nostrils  between  two 
shields.  Eye  small  with  round  pupils.  Body  cylindrical,  scales  smooth, 
in  17-37  rows.  Ventrals  rounded.  Tail  short,  subcaudals  in  one  or  two 
rows. 

A  synopsis  of  the  African  species  of  Atractaspis . 

(A)  Scales  of  the  body  in  17  rows.  Six  supralabials. 

A.  hildebrandtii.  No  prse-ocular  shield,  frontal  shorter  than 
parietals.  Colour  uniform  dark  brown.  East  Africa. 

(B)  Scales  of  the  body  in  19-37  rows.  Five  supralabials. 

(i)  Scales  in  31  rows,  third  infralabial  largest. 

A.  dahomeyensis.  Mental  shield  in  contact  with  first  infralabials. 
Colour  black  ;  belly  brown.  Dahomey. 
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(ii)  Scales  in  29-37  rows,  fourth  or  fifth  infralabial  largest. 

A.  microlepidota.  Colour  uniform  dark  brown.  Central  and 
East  Africa. 

(iii)  Scales  in  23-27  rows,  second,  fourth  or  fifth  infralabials  largest. 

A.  irregularis.  Fourth  infralabial  largest.  Colour  uniform  dark 

brown  or  black.  West  and  Central  Africa. 

A.  corpulenta.  Second  infralabial  largest  and  fused  with  mental 
shield.  Colour  uniform  blackish  brown  ;  tail  sometimes  white. 
West  Africa. 

A.  micropholis.  Fourth  or  fifth  infralabial  largest.  Frontal  shield 
slightly  longer  than  broad,  and  much  longer  than  parietal. 
Colour  dark  brown.  Cape  Verde. 

A.  leucomelas.  Fourth  or  fifth  infralabials  largest.  Frontal  one-  or 
two-fifths  as  long  as  broad  and  as  long  as  the  parietal.  Colour 
black  with  a  white  vertebral  line.  Head  white  with  a  black  spot 
on  nasal  and  head  shields  ;  belly  white.  Somaliland. 

(iv)  Scales  in  19-23  rows,  third  lower  labial  largest. 

A.  rostrata.  Snout  very  prominent,  cuneiform.  First  lower  labial 
in  contact  with  its  fellow  behind  the  mental  shield.  Colour 
uniform  dark  brown  or  black.  East  and  Central  Africa. 

A.  bibronii.  Snout  prominent,  subcuneiform.  Labial  as  above. 
Colour  dark  purple  brown  ;  belly  yellow  or  pale  brown.  Cape 
Colony,  Natal,  Angola,  Namaqualand. 

A.  aterrima.  Snout  rounded  ;  labial  as  above.  Colour  uniform 
black  or  brown.  Central  and  West  Africa. 

(c)  Genus  Bitis.  Head  distinct  from  neck  and  covered  by  small  imbricated 
scales  ;  the  eyes  are  rather  small,  pupils  vertical  ;  nostrils  directed 
upwards  and  outwards  and  piercing  a  single  nasal  shield  with  a  rather 
deep  pit  above,  closed  in  by  a  valvular  supranasal.  Scales  keeled  with 
apical  pits,  in  29-41  rows.  Ventrals  rounded.  Tail  very  short,  and  sub- 
caudals  in  two  rows. 

A  synopsis  of  the  African  species  of  Bitis. 

(A)  No  horny  appendage  or  ridge  above  eye  or  near  nose. 

(i)  Nostrils  opening  on  the  upper  surface  of  snout. 

B.  arietans  (the  Puff  Adder).  Supralabials  12-16,  infra- 
labials  3-5.  Scales  in  29-41  rows  and  strongly  keeled. 
Colour  dirty  yellow  or  orange  with  large  black  chevron 
bands,  an  oblique  black  band  behind  eye  ;  belly  yellow, 
uniform  or  speckled  black.  Throughout  Africa. 

(ii)  Nostrils  opening  laterally  upwards  and  outwards. 

(ii')  11  scales  round  eye. 

B.  peringueyi.  Scales  of  body  in  25-27  rows.  Colour  grey 
olive  ;  head  with  trident  mark  followed  by  a  cross  ;  belly 
white,  speckled  black.  Angola,  Damaraland. 

(ii")  13-16  scales  round  eye. 

B.  atropos.  Scales  of  body  in  29-31  rows.  Colour  brown 
or  grey  brown,  with  four  longitudinal  series  of  black 
spots  edged  black  and  white,  two  large  black  marks  on 
head  ;  belly  brown,  speckled  with  darker  spots.  Cape 
Colony. 
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(B)  Supra-orbital  ridge  raised,  but  without  hornlike  scales. 

B.  inornata.  Four  series  of  scales  between  eye  and  lip.  Body 
scales  27-29  rows.  Cape  Colony. 

(C)  Hornlike  scales  on  head. 

(i)  Raised  scales  above  eye. 

(i')  Two  to  five  scales  raised  like  a  horn  above  eye. 

B.  cornuta.  Colour  grey  or  red-brown  with  black  spots 
arranged  in  3  or  4  longitudinal  rows  edged  with  white  ; 
oblique  black  streak  behind  eye  ;  belly  yellow  or  brown, 
uniform  or  speckled.  Cape  Colony. 

(i")  A  single  erect  hornlike  scale  above  eyes. 

B.  caudalis.  Colour  red  or  sand  grey  with  two  series  of  brown 
spots  with  lighter  centres,  and  frequently  a  vertebral  series 
of  narrow  spots  ;  belly  yellow  uniform,  or  with  lateral, 
black  spots.  South-West  Africa. 

(ii)  Raised  hornlike  scales  near  nostrils. 

(ii')  A  pair  of  erectile  triangular  horns  consisting  of  tricuspid 
shields  between  the  supranasals. 

B.  gabonica  (the  Gaboon  or  River  Jack  viper).  Colour  brown 
with  a  vertebral  series  of  squarish  spots,  yellow  or  light 
brown  joined  by  black  markings  ;  belly  dull  yellow 
speckled  with  brown  or  black.  Tropical  Africa. 

(ii")  Two  or  three  pairs  of  compressed  erectile  hornlike  shields. 

B.  nasicornis.  Colour  purple  brown  or  reddish  brown  with 
pale  olive  or  dark  brown  spots,  a  vertebral  series  of  brown 
rhombs  edged  with  black.  A  triangular  mark  in  front  of 
eye  and  an  oblique  light  streak  behind  eye  to  mouth  ; 
belly  pale  olive,  speckled  black  or  yellow.  West  Africa, 
Liberia  to  the  Gaboon. 

(d)  Genus  Vipera.  In  North  Africa  Vipera  latastii,  V.  ammodytes,  and 
V.  lebetina  are  found  but  have  already  been  described.  The  following 
key  will  include  the  main  African  vipera. 

A  Synopsis  of  the  African  Vipera. 

(A)  Snout  upturned  and  ending  in  a  prominence. 

(i)  Scales  in  21  rows.  V.  latastii. 

(ii)  Scales  in  21-23  rows.  V.  ammodytes. 

(iii)  Scales  in  23-27  rows.  V.  lebetina. 

(B)  Snout  rounded  and  not  ending  in  a  prominence. 

V.  superciliaris.  Snout  rounded,  head  covered  with  small 
imbricated  keeled  scales,  a  large  supra-ocular  shield.  Nostrils 
very  large  between  two  nasal  shields,  scales  in  27  rows 
strongly  keeled.  Ventrals  142.  Subcaudals  40.  Colour 
reddish  brown,  orange  with  black  transverse  bars  broken 
by  lateral  yellow  bands  ;  belly  white,  speckled  with  black. 
Mozambique. 

(e)  Genus  Cerastes  (Horned  Vipers).  Head  distinct  from  neck,  covered 
with  small  juxtapoised  or  slightly  imbricated  scales,  eyes  small,  vertical 
pupils,  nostrils  opening  upwards  and  outwards.  Body  cylindrical.  Scales 
in  23-35  rows,  keeled  with  apical  pits.  Tail  short,  subcaudals  in  two 
ro  ws. 
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(i)  Two  erectile  horns  above  eves. 

C.  cornutus.  Snout  very  short  and  broad.  Supralabials 
12-15.  Infralabials  3.  Scales  in  27-35  rows.  Ventrals 
165-130.  Subcaudals  42-25.  Colour  yellow  brown  or 
grey,  with  or  without  brown  spots,  forming  4  or  6  regular 
series,  the  two  middle  ones  representing  cross-bars,  an 
oblique  streak  behind  eye  ;  belly  white,  end  of  tail  some¬ 
times  black.  Nubia,  Egypt,  South  Palestine,  Arabia, 
North-west  Frontier  India. 

(ii)  No  erectile  horns,  head -covered  with  small  tubercular  keeled  scales. 

C.  vipera.  Snout  very  short  and  broad.  Supralabials  10-12. 
Infralabials  3.  Scales  in  23-27  rows.  Ventrals  122-102. 
Subcaudals  18-26.  Colour  dull  yellow,  pale  brown  or 
reddish,  with  or  without  black  spots  ;  belly  white  ;  tail 
black.  North  border  of  Sahara  from  Algeria  to  Egypt. 

(f)  Genus  Echis.  Head  covered  with  small  scales,  eyes  small,  pupils  vertical. 
Scales  keeled  in  25-35  rows,  the  lateral  scales  obliquely  disposed  with 
serrated  keels.  Subcaudals  in  a  single  row.  Two  species  already  described 
for  Asia. 

(i)  E.  carinatus  (the  Phoosa  or  Efa).  Cruciform  or  broad  arrow  mark 

on  head.  Egypt,  Persia,  Arabia,  India. 

(ii)  E.  coloratus.  No  mark  on  head.  Palestine,  Arabia,  Socotra. 

(g)  Genus  Atheris.  Head  distinct  from  neck,  covered  with  imbricated 
scales  ;  eyes  large,  pupils  vertical  ;  nostrils  lateral.  Body  slightly  com¬ 
pressed  ;  scales  keeled  with  apical  pits.  Tail  moderate  in  size,  prehensile. 
Subcaudals  in  a  single  row. 

(A)  No  superciliary ,;hornlike  scales. 

(i)  9-11  scales  from  eye  to  eye. 

A.  chlor echis.  Scales  in  25-36  rows  in  the  middle  of  the  body, 
strongly  keeled.  Colour  green,  with  or  without  small  yellow’ 
spots  ;  tail  yellow  or  black.  West  Africa. 

(ii)  7-8  scales  from  eye  to  eye. 

A.  squamiger.  Scales  in  15-25  rows,  strongly  keeled.  Colour  olive 
uniform,  or  with  narrow  yellow  cross-bands  or  yellow  with  green 
spots  ;  belly  pale  olive  marked  with  black  or  yellow,  or  uniform 
yellow.  West  Africa,  Cameroons  to  Angola. 

(B)  Several  erect  superciliary  hornlike  scales. 

A.  ceratophorus.  9-10  scales  from  eye  to  eye.  Scales  in  25  rows 
strongly  keeled.  Colour  dark  olive  with  black  cross-bands  ; 
belly  pale  olive,  speckled  black.  East  Africa. 


AMERICA. 

# 

Only  a  very  small  number  of  the  poisonous  snakes  of  this  continent  belong 
to  the  family  Colubridse.  This  family  is  represented  by  a  single  genus  Elaps , 
of  which  there  are  28  different  species  distributed  over  Central  America,  Mexico, 
Ecuador,  Peru,  and  Brazil.  The  genus  Elaps  is  the  name  given  to  the  true 
‘  coral  snakes  ’  and  they  are  of  little  importance  from  a  toxicological  point  of 
view,  and  will  be  but  briefly  described.  The  Viperidae,  on  the  other  hand,  are 
extremely  numerous  in  certain  parts,  and  belong  exclusively  to  the  sub-family 
Crotalinae. 
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Series  C.  Proteroglypha.  Colubridse.  Anterior  maxillary  teeth  grooved. 
Sub-family  Elapinae.  Terrestrial  or  arboreal,  tail  cylindrical. 

Genus  :  Elaps  (Coral  snakes).  A  pair  of  large  poisonous  fangs  ;  pterygoid 
teeth  few  or  absent  ;  mandibular  teeth  all  of  equal  length.  Head 
small,  neck  not  distinct,  eyes  small  with  subelliptical  pupils,  nostril 
between  two  nasal  shields.  Body  cylindrical ;  scales  in  15  rows,  smooth. 
Tail  short,  subcaudals  divided  or  partly  divided. 

Type  species.  E.  fulvius  (Harlequin  or  Coral  snake)  (fig.  304). 
‘  Scales  in  15  rows.  Ventrals  180-237.  Subcaudals  30-59.  Colour  : 

body  with  black,  red,  and  yellow 
rings ;  snout  black ;  tail  with 
black  and  yellow  rings. 

Length  990  mm.  Habitat, 
Central  America,  Mexico, 
North-east  States. 

IX.  Viperidax  Anterior  maxillary 
teeth  canaliculated. 

The  sub-family  Viperinae  is  absent  from 
America.  The  Crotalinse  are  divided  in¬ 
to  two  groups,  according  to  the  presence 
or  absence  of  specialized  scaly  appen¬ 
dages  on  the  tail  known  as  the  ‘  rattle 


Fig.  304.  Elaps  fulvius,  the  Harlequin  or 
Coral  snake  :  length  3  feet,  snout  black, 
body  with  black,  red,  and  yellow  rings, 
and  tail  with  black  and  yellow  rings. 


A  Synopsis  of  the  American  Genera 
of  Crotalinae  (Pit  Vipers). 

(A)  Tail  not  ending  in  a  4  rattle  ’. 

(i)  Head  covered  with  9  sym¬ 
metrical  shields. 

(a)  Ancistroclon. 

(ii)  Head  covered  with  small  scales. 

( b )  Lcicliesis. 

(B)  Tail  ending  in  a  ‘  rattle  ’. 

(i)  Head  covered  with  9  sym¬ 
metrical  shields. 

(c)  Sistrurus. 

(ii)  Head  covered  with  small  scales. 

( d )  Crotalus. 

(a)  Genus  Ancistrodon.  Head  usually  with  9  shields,  sometimes  inter¬ 
nasals  and  pre-frontals  broken  up  into  scales.  Body  cylindrical  ;  scales 
smooth  or  keeled,  with  apical  pits.  Tail  moderate  or  short,  subcaudals 
single  or  in  two  rows.  Three  species  described. 

A.  piscivorus  (Water  Viper  or  Cotton  Mouth).  Snout  rounded  and 
soft  above.  Scales  in  25,  rarely  27,  rows,  strongly  keeled.  Ventrals 
130-147.  Subcaudals  33-51.  Usually  single,  sometimes  posterior 
divided.  Colour  pale  brown  to  dark  brown  with  distinct  cross-bands 
of  darker  brown  ;  belly  dull  yellow  with  black  or  grey  spots.  Vicinity 
of  rivers  and  flooded  rice-fields  in  the  Eastern  States  of  North 
America. 

A.  bilineatus.  Snout  obtusely  pointed.  Seales  in  23,  rarely  25,  rows, 
more  or  less  strongly  keeled.  Ventrals  135-141.  Subcaudals  52-64. 
Anterior  single,  posterior  divided.  Colour  dull  yellow  or  red  brown 
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with  darker  transverse  blotches  with  yellow  edges  ;  a  vertical  yellow 
line  on  the  snout,  and  a  fine  yellow  line  round  the  snout ;  belly  brown 
or  dark  brown  with  white  spots.  Mexico,  Central  North  America. 

A.  contmtrix  (the  Copperhead).  Snout  round  or  truncated.  Seales 
in  23,  rarely  25,  rows,  strongly  keeled.  Ventrals  145-155.  Sub- 
caudals  31-52,  anterior  single,  posterior  divided.  Colour  dull 
yellow  or  red  brown  with  brick-red  cross-bars  or  alternating  triangles  ; 
belly  yellow  or  reddish  brown  more  or  less  spotted  with  grey  or  brown. 
U.S.A.,  Northern  States. 

(b)  Genus  Lachesis.  Head  covered  with  small  shields  or  keeled  scales,  tail 
often  prehensile,  ending  in  a  point.  The  rattle  is  represented  by  a 
series  of  10-12  rows  of  spiny  scales,  which  are  slightly  hooked  at  the 
top.  In  many  of  the  American  species  the  subcaudals  arc  in  a 
single  row. 

The  American  species  are  larger  and  more  formidable  than  the 
Asiatic  species.  In  addition  to  the  19  species  already  given  (see 
Asia,  p.  700)  there  are  22  American  ones. 

Synopsis  of  the  American  Species  of  Lacliesis. 

(A)  Subcaudals  all,  or  the  majority,  single. 

(i)  Tail  prehensile, 

(a)  Scales  in  19  rows. 

L.  nigroviridis.  Ventrals  134-146.  Subcaudals  49-54.  Colour 
olive  spotted  with  black  ;  head  with  black  streak  on  each 
side  ;  belly  yellow.  Costa  Rica. 

L.  aurifer.  Ventrals  154-158.  Subcaudals  53-61.  Colour 
green  spotted  with  yellow,  black  streak  on  temple  ;  belly 
yellow  green.  Guatemala. 

(b)  Scales  in  19-25  rows. 

L.  lateralis.  Ventrals  171.  Subcaudals  59.  Colour  green,  with 
a  yellow  line  on  each  side  of  the  body.  Costa  Rica. 

L.  schlegelii.  Ventrals  138-162.  Subcaudals  47-62.  Colour 
very  variable,  olive  green  spotted  with  black,  pink,  or  purplish 
spots  or  cross-bars,  belly  yellow  spotted  green  ;  tail  red. 
Central  America,  Colombia,  Ecuador. 

(ii)  Tail  not  prehensile. 

(a)  Scales  in  21  rows. 

L.  godmani.  Snout  broad  and  round.  Ventrals  135-142.  Sub¬ 
caudals  22-34.  Colour  brown  with  darker  dorsal  spots  ;  belly 
yellow,  spotted  with  grey.  Guatemala. 

L.  bicolor.  Snout  round.  Ventrals  164-167.  Subcaudals  62-67. 
Colour  green  ;  yellow  belly.  Guatemala. 

(b)  Scales  in  23-27  rows. 

(a)  Snout  pointed  turned  up  at  end. 

L.  lansbergii.  Ventrals  152-159.  Subcaudals  29-35.  Colour 
yellow  brown  to  grey  with  a  dorsal  series  of  rhomboidal  spots, 
narrow  vertebral  orange  line.  Cheeks  black  ;  belly  spotted 
brown,  white  spots.  Mexico  to  Colombia,  Venezuela,  Brazil. 

( (3 )  Snout  not  turned  up. 

L.  castelnaudi.  Head  narrow  elongated.  Ventrals  230-253. 

,  Subcaudals  72-83.  Colour  brown  with  dark  or  light  edge  sjoots 
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or  cross-bands  ;  belly  brown  or  black,  spotted  yellow.  Brazil, 
Ecuador,  Eastern  Peru. 

L.  nummifer.  Snout  broad  and  round.  Ventrals  121-134. 
Subcaudals  23-27.  Colour  pale  brown  with  dorsal  rhomboidal 
spots  ;  belly  white  or  spotted  brown.  Mexico,  Central 
America. 

(B)  Subcaudals  all  or  majority  divided. 

(i)  Tail  prehensile. 

(a)  Scales  in  21  rows. 

L.  undulatus.  Snout  short  round.  Supralabials  11.  Ventrals 
149-171.  Subcaudals  41-49.-  Colour  olive  or  brown  with 
spots  or  zigzag  lines  ;  belly  yellow  or  brown,  speckled  with 
black.  Mexico. 

( b )  Scales  in  27-35  rows. 

L.  bilineatus.  Snout  round.  Supralabials  7-8.  Ventrals  198- 
218.  Subcaudals  59-71.  Colour  green,  uniform  or  speckled 
black,  lateral  yellow  line  ;  belly  white  ;  tail  red.  Brazil, 
Bolivia,  Peru,  Ecuador. 

(ii)  Tail  not  prehensile. 

(a)  Scales  in  35  or  37  rows. 

L.  mutus  (Bushmaster  or  Surucucu).  2  to  3  scales  between  inter¬ 
nasals.  Supralabials  9-10.  Ventrals  200-230.  Subcaudals 
32-50.  Colour  yellow  or  pink,  with  dark  rhomboidal  spots, 
black  streak  from  eye  to  mouth.  Central  and  Tropical  South 
America. 

( b )  Scales  in  25-35  rows. 

L.  lanceolatus  (Fer  de  lance  or  Jararacugu).  Snout  obtuse,  turned 
up.  Supralabials  7-8.  Scales  25-33  rows,  sharply  keeled. 
Ventrals  180-240.  Subcaudals  46-70.  Colour  very  variable, 
grey  brown,  yellow,  olive  or  reddish  ;  uniform  or  with  distinct 
dark  spots  or  cross-bands.  A  dark  streak  from  eye  to  mouth  ; 
belly  yellowish,  uniform  or  spotted  brown.  Tropical  America 
and  West  Indies. 

L.  alternatus.  Head  narrow,  elongated.  Supralabials  8-9.  Scales 
29-35  rowrs.  Ventrals  167-181.  Subcaudals  34-51.  Colour 
brown  with  C-shaped  markings  of  darker  brown  edged  with 
black  and  yellow.  Head  with  a  shaped  light  mark  ;  belly 
white  spotted  brown  or  black.  Argentine,  Brazil,  Paraguay. 

( c )  Scales  in  25-29  rows. 

L.  atrox  (Labaria).  Resembles  L.  lanceolatus,  but  is  thicker. 
Supralabials  7.  Ventrals  161-216.  Subcandals  47-73. 
Central  America,  Peru,  Brazil. 

( d )  Scales  in  23-27  rows. 

L.  neuzviedii  (Urutii  of  Brazil)  (fig.  305).  Snout  obtusely 
pointed,  supra-oeulars  large,  separated  by  6-9  scales.  Supra¬ 
labials  8  or  9.  Ventrals  168-182.  Subcaudals  41-53.  Colour 
yellowish  or  pale  brown  with  dark  markings  as  seen  in  the 
plate  ;  belly  yellowish  speckled  brown.  Brazil,  Argentine, 
Paraguay. 

L.  xanthogrammus.  Head  elongated  ;  snout  round.  Scales  in 
27  rows  feebly  keeled.  Ventrals  196.  Subcaudals  54.  Colour 
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very  dark  olive  with  a  yellow  zigzag  line  on  each  side  enclosing 
rhombic  spaces.  Head  black  with  two  undulating  lines  from 
nape  to  vertex  ;  a  bright  gold  band  round  snout.  Labials 
bright  yellow,  ventral  shields  black,  paler  in  middle  and  with 
yellow  triangles  at  extremities.  Eastern  Ecuador,  Colombia. 
( e )  Scales  in  23-25  rows. 

L.  ammodytoides.  Snout  turned  up  in  the  shape  of  a  wart. 
Ventrals  149-160.  Subcaudals  30-38.  Colour  pale  brown, 
spots,  cross-bands,  dark  streak  behind  eye  ;  belly  yellow 
speckled  brown.  Patagonia,  Argentine. 

L.  brachystoma.  Snout  turned  up  at  end.  Scales  usually  23, 
rarely  25  rows.  Ventrals  132-150.  Subcaudals  27-38. 
South  Mexico,  Central  America. 

(/)  Scales  in  21-23  rows. 

L.  pulcher.  Two  post-oculars  and  a  sub-ocular  separated  by  one 
row  of  scales  from  labials.  Supralabials  7.  Scales  21  or  23 
rows,  strongly  and  tubercularly  keeled.  Ventrals  156-172. 
Subcaudals  58-64.  Colour  olive  grey  with  brown  light  edge 
cross -bands.  A  light  streak  from  eye  to  mouth  ;  belly  covered 
with  minute  brown  spots.  Ecuador. 

L.  pictus.  Snout  obliquely  truncated.  Two  rows  of  scales 
between  eye  and  labials.  Scales  21-23  strongly  keeled. 
Ventrals  157-172.  Subcaudals  40-74.  Colour  pale  brown 
with  a  dorsal  series  of  large  black  edged  brown  spots  which  may 
form  a  vertebral  zigzag  line.  A  black  streak  behind  eye  and 
a  vertical  bar  below  eye  ;  belly  yellow  speckled  brown.  Peru. 

L.  micropbthcdmus.  Snout  short  round,  eyes  very  small.  Supra¬ 
labials  7.  Scales  23  rows,  dorsally  tubercular  keeled.  Ven¬ 
trals  159-161.  Subcaudals  52-55.  Colour  yellow,  brown,  or 
pale  olive  with  dark  brown  triangles  on  sides  ;  a  yellow  band 
from  eye  to  side  of  neck  ;  belly  dark  brown  with  yellow  spots. 
Peru,  Ecuador. 

The  rattle  snakes.  These  snakes  can  be  at  once  recognized,  as  the  end 
of  their  tail  bears  a  series  of  large  conical  scales  forming  a  rattle.  Each  scale  fits 
into  the  next  and  is  movable,  so  that  when  the  snake  moves  its  tail  a  hissing 
noise  is  jwoduced.  The  number  of  segments  in  the  rattle  is  very  variable,  rarely 
more  than  18  to  20.  The  number  bears  no  relation  to  the  age  of  the  snake.  At 
desquamation  of  the  skin,  these  segments  fall  off  and  are  at  once  replaced.  The 
head  is  flat,  very  large,  and  distinctly  triangular  ;  the  snout  is  flat  and  truncate. 
The  fangs  are  very  large  and  canalized.  The  poison  glands  are  also  large,  the 
size  of  an  almond. 

(c)  Genus  Sistrurus.  Head  very  large  and  covered  with  nine  large  sym¬ 
metrical  scales,  eyes  small  with  vertical  pupils.  Body  cylindrical,  scales 
keeled  with  apical  pits  ;  tail  short  and  ending  in  a  rattle.  Subcaudals 
all,  or  the  majority,  in  a  single  row. 

S.  miliarius  (the  Ground  rattle  snake).  Supralabials  9-11.  Seales  in 
21  or  23  rows  strongly  keeled.  Ventrals  127-139.  Subcaudals  27-36. 
Rattle  consists  of  at  the  most  10  segments.  Colour  grey,  yellow,  or 
brown,  the  vertebral  stripe  orange,  two  undulating  dark  stripes  from 
eyes  to  occiput  ;  belly  white  speckled  with  brown  or  black.  LhS.A.., 
North  East  States. 
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S.  catenatus  (the  Prairie  rattle  snake  or  Massasanga)  (fig.  306). 
Supralabials  11-14.  Two  to  three  rows  of  scales  between  eye  and 
labials.  Seales  in  23  or  25  rows.  Ventrals  136-153.  Subcaudals 
20-31.  Colour  as  above  ;  for  marking  see  Plate  IV,  a  dark  spot  on 
the  parietal  shield.  Great  Lake  districts,  Northern  Mexico. 

S.  ravus.  Supralabials  11  or  12.  Scales  in  21  or  23  rows.  Ventrals 
146.  Subcaudals  26.  Colour  yellow  brown,  with  a  dorsal  series  of  dark 
brown  spots  longer  than  broad,  and  on  each  side  a  series  of  transverse 
dark  bars  ;  belly  yellow  speckled  brown.  Mexico,  Vera  Cruz. 


Fig.  305.  La chesis  neuwiedii,  the 
Urutu  of  Brazil. 


Fig.  306.  Sistrurus  catenatus,  tlie 
prairie  rattle  snake  or  Massasanga.  Not 
the  nine  large  symmetrical  scales  on  the 
head  and  the  loreal  pit  below  the  eye. 


(d)  Genus  Crotalus.  Head  large  and  triangular,  and  covered  with  small 
scales  or  shields.  Eyes  small  with  vertical  pupils.  End  of  tail  forms 
a  rattle. 

(A)  Supra-ocular  raised  into  a  horn-like  process. 

C.  cerastes  (Horned  rattle  snake).  Supralabials  11-13  rows 
Scales  in  21  or  23  rows,  dorsals  feeblv  keeled  and  scales  along 
the  middle  of  the  back  central  tuberculated.  Ventrals  146. 
Subcaudals  17.  Colour  yellowish  with  a  dorsal  series  of  irre¬ 
gular  brown  spots,  a  narrow  brown  line  from  eye  to  mouth. 
Desert  regions,  South  California,  Nevada,  Arizona,  Utah. 

(B)  Supra-oculars  not  raised  into  a  horn. 

(i)  Scales  in  21  to  25  rows. 

C.  lepidus.  Supralabials  12.  Scales  21-23  rows,  dorsals 
strongly  keeled.  Ventrals  153-169.  Subcaudals  24-31. 
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Colour  brown  or  greenish  grey  with  dark  brown  or  black  cross¬ 
bands  lighter  edged  ;  V-shaped  mark  on  nape  ;  belly  dirt}" 
white,  speckled  brown.  Texas,  Mexico,  Arizona. 

C.  triseriatus.  Supralabials  9-13.  Scales  21-25  rows,  dorsals 
strongly  keeled.  Ventrals  142-184.  Subcaudals  22-30. 

Colour  olive  or  brown,  with  a  vertebral  series  of  small  darker 
spots  edged  with  black  and  white  ;  belly  yellowish  speckled 
brown,  or  grey-brown  speckled  white.  Mexico. 

C.  tigris.  Supralabials  13-15.  Scales  23-25  rows,  dorsals 
strongly  keeled.  Ventrals  166-181.  Subcaudals  26-46. 

Colour  yellowish  or  light  brown  with  a  dorsal  series  of  biown 
spots  replaced  by  cross-bars  jxisteriorly.  Sides  with  small 
dark  spots  ;  belly  yellowish  speckled  brown.  California, 
Nevada,  Arizona,  Colorado,  Norht  Mexico. 

C.  mitchellii.  Supralabials  14-16.  Scales  in  25  rows,  striated 
dorsals  strongly  keeled.  Ventrals  178-198.  Subcaudals 
24-26.  Colour  greyish  yellow  to  salmon  red,  speckled  with 
brown  ;  a  dorsal  series  of  transverse  dark  brown  spots  ;  belly 
yellow.  California,  Arizona. 

(ii)  Scales  in  25  (rarely  23)  to  29  rows. 

C.  horridus.  Supra-oculars  considerably  narrower  than  inter¬ 
space,  which  is  covered  by  3-8  series  of  small  scales.  Supra¬ 
labials  12-16.  Body  scales  23-29  rows,  dorsals  very  strongly 
keeled.  Ventrals  165-178.  Subcaudals  19-29.  Colour  grey 
brown  with  a  rusty  vertebral  stripe  and  M  or  V  cross- 
bands.  Head  uniform  with  a  dark  band  from  eye  to  mouth, 
usually  a  pair  of  spots  on  nape  ;  belly  yellow  with  or  with¬ 
out  black  speckling ;  end  of  tail  black.  U.S.A.,  Eastern 
States. 

C.  scutulatus  (the  Texas  rattle  snake).  Supralabials  13-16. 
Scales  in  25  or  27  rows,  dorsals  striated  and  strongly  keeled. 
Ventrals  167-170.  Subcaudals  18-20.  Colour  yellow,  grey- 
brown  with  a  series  of  dark  brown  rhomboidal  sj^ots  light 
edged.  An  oblique  streak  below  eye  ;  belly  uniform  yellow- 
white.  Arizona,  Texas,  North  Mexico. 

C.  confluentus  (the  Pacific  or  Mottled  rattle  snake).  Upper  head 
'  scales  small  and  striated.  Supralabials  13-18.  Body  scales 
in  25-29  rows,  striated  and  strongly  keeled.  Ventrals  1  OS- 
197.  Subcaudals  17-34.  Colour  yellow,  grey,  pale  brown, 
with  a  dorsal  series  of  rhomboidal  or  elliptical  spots,  dark 
brown  or  red.  A  light  streak  or  triangular  mark  across 
supra-ocular  shields  ;  belly  yellow  uniform  or  speckled  brown. 
U.S.A.,  Mexico. 

C.  durissus  (the  common  rattle  snake).  Supralabials  13-16. 
Scales  in  25-29  rows,  dorsals  strongly  keeled.  Ventrals  169- 
181.  Subcaudals  24-32.  Seven  or  eight  series  of  scales 
between  supra-oculars,  three  or  four  series  between  ocular  and 
labials.  Colour  pale  grey  or  brown  with  a  dorsal  series  of 
black  rhomboidal  spots  ;  a  yellow  cross  line  between  eyes  ; 
snout  and  end  of  tail  black  ;  belly  yellow  speckled  brown  or 
black.  U.S.A.,  South  East  States. 
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(iii)  Scales  in  27  (rarely  23)  to  31  rows. 

C.  terrificus  (the  Dog-faced  rattle  snake,  Cascavella  of  Brazil) 
(fig.  307).  Snout  very  short,  three  or  four  series  between 
labials  and  oculars.  Body  scales  23  to  31  rows,  dorsals  very 
strongly  keeled.  Ventrals  160-199.  Subcaudals  18-30.  Colour 
brown  with  a  series  of  darker  rhomboidal  spots,  lighter  at 
edges  and  in  the  centre.  A  dark  streak  from  eye  to  mouth  ; 
belly  yellow-white  with  or  without  brown  speckling  ;  tail 
brown  or  black.  Arizona,  Texas  to  Brazil  and  Argentine. 

C.  polystictus.  Snpralabials  14-15.  Scales  in  27-30  rows. 
Ventrals  123-151.  Subcaudals  18-25.  Four  internasals. 

Colour  brown-yelloAv,  beauti¬ 


fully  marked  with  6  or  7  longi¬ 
tudinal  series  of  alternating  dark 
brown  spots  edged  black  and 
white  ;  a  pair  of  diverging  dark 
bands  on  vertex  separated  by 
a  narrow  pink  streak ;  belly 
yellow  or  pink  speckled  with 
brown.  Tableland  of  Mexico. 


OCEANIA. 


In  Australia  and  the  adjacent 
islands,  the  snakes  encountered  belong 
to  the  family  Colubrida;,  sub-family 
Elapinse,  or  poisonous  land  snakes. 
There  are  no  Viperidse.  The  majority 
of  snakes  found  in  this  continent  are 
poisonous,  and  the  genera  are  peculiar 
to  Oceania.  In  Malaysia,  poisonous 
snakes  are  numerous  and  belong  for  the 
most  part  to  species  already  desciibed 
for  Asia.  There  are  no  poisonous  snakes 
in  New  Zealand.  In  New  Caledonia 
there  are  no  Elapinse,  but  the  Hydro- 
phinse  abound  near  the  shores  of  all 
these  Pacific  islands.  In  Australia, 
especially  in  New  South  Wales,  deaths  from  poisonous  snakes  are  fairly  common. 
The  most  dangerous  species  are  Acanthophis  antarcticus  (the  Death  Adder), 
Diemenia  textilis  (the  Brown  Snake),  Pseudechis  porphyriacus  (the  Black  Snake), 
and  H oplocephalus  curtus  (the  Tiger  Snake).  In  Queensland,  according  to  the 
information  supplied  to  Calmette  by  De  Vis,  there  were  27  deaths  from  poisonous 
snakes  in  10  years.  The  question  of  snake  poisoning  is  relatively  unimportant 
for  this  continent,  and  so  a  brief  synopsis  of  the  genera  will  be  given. 


Fig.  307.  Crotalus  terrificus,  the  Dog-faced 
rattle  snake  or  Cascavella  of  Brazil. 


A  Synopsis  of  the  Australian  genera  of  Elapinse. 

(A)  Subcaudals  single. 

(i)  Scales  in  23  rows,  keeled. 

(a)  Tropidechis. 

(ii)  Scales  in  21  rows,  ventrals  laterally  notched. 

( b )  H oplocephalus. 
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(iii)  Scales  in  15-19  rows. 

(in')  Nasal  shield  entire.  Scales  in  15-19  rows. 

(c)  Notec  his. 

(iii")  Nasal  shield  divided.  Scales  in  19  rows. 

(cl)  Brcichyaspis. 

(iii"')  Nasal  shield  entire  or  divided.  Seales  in  15-19  rows. 

( e )  Denisonia. 

(iv)  Scales  in  15  rows. 

(iv')  A  pair  of  poison  fangs  followed  by  two  or  three  solid  teeth. 
Mandibular  teeth  longer  in  front. 

( / )  Rhinhoplocephalus. 

(iv")  A  pair  of  poison  fangs,  no  maxillary  teeth,  mandibular  teeth 
subequal. 

(g)  Elapognathus. 

(B)  Subcaudals  for  the  most  part  in  two  rows. 

(i)  Scales  in  21-23  rows  (keeled). 

( h )  Acanthophis  (Death  Adder). 

(ii)  Scales  in  15-23  rows  (smooth). 

(ii')  A  pair  of  fangs,  interval,  7-15  grooved  maxillary  teeth,  anterior 
mandibular  teeth — fang-like. 

(i)  Dieynenia. 

(ii")  A  pair  of  fangs,  followed  by  2-5  small  solid  teeth.  Anterior 
mandibular  teeth  long. 

(;)  Pseudechis. 

(C)  Subcaudals  divided. 

(i)  A  pair  of  poison  fangs  followed  by  grooved  maxillary  teeth. 

(F)  fangs  after  a  wide  interval  followed  by  8-12  small  grooved  teeth. 

( k )  Pseudelaps. 

(i")  fangs  after  a  wide  interval  followed  by  six  small  grooved  teeth. 

(l)  Glyphodon. 

(i'")  fangs  followed  by  6-7  small  grooved  teeth. 

(m)  Ogmodon. 

(ii)  A  pair  of  fangs  followed  by  solid  maxillary  teeth. 

(ii7)  Head  distinct  from  neck,  fangs  followed  by  three  small  solid 
teeth. 

(n)  Micropechis. 

(ii")  Head  not  distinct  from  neck,  fangs  separated  by  an  interval  from 
two  small  solid  teeth. 

(a)  Ant.  mandibular  teeth  long,  pupils  vertically  elliptic. 

(o)  Rhyne  helaps. 

(/?)  Mandibular  teeth  subequal,  pupils  circular. 

(p)  Furina. 

HYDROPHINZE  (SEA  SNAKES). 

Character  of  sub-family  :  Marine  ;  Tail  strongly  compressed,  with  neural 
spines  and  hypapophyses  well  developed  ;  Head  very  small  and  scarcely  dis¬ 
tinct  from  body  ;  The  body  is  laterally  compressed  and  the  tail  serves  as  a  fin 
and  is  also  prehensile  ;  Nostrils  usually  open  on  the  upper  surface  of  snout ; 
The  eyes  are  always  very  small. 

Habitat.  They  never  leave  the  water  with  the  exception  of  the  genus 
Platurus ,  which  in  many  ways  resembles  the  Elapinae.  Their  home  is  essentially 
the  coast  of  the  Indian  Ocean  and  tropical  parts  of  the  Western  Pacific. 
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There  are  ten  genera,  six  of  which  are  found  on  the  Indian  coasts.  The 
number  of  species  at  present  known  is  considerable.  We  will  restrict  our 
description  to  generic  characters  with  a  type  species. 

A  Synopsis  of  the  Genera  of  Hydrophinae. 

(i)  Only  the  poison  fangs  are  grooved. 

(a)  Scales  hexagonal  juxtaposed  or  subimbricated,  no  distinct  ventrals. 
(i')  Frontal  and  parietal  shields  large. 

Snout  long,  poison  fang  followed  by  7  or  8  solid  teeth. 

(a)  Hydrus. 

Snout  short,  poison  fang  followed  by  5  small  teeth. 

(b)  Thalassophis. 

(ii")  Frontal  and  parietal  shields  broken  up  into  scales. 

(c)  Acalyptophis. 

(b)  Ventral  scales  small  but  well  developed. 

Poison  fang  followed  by  four  solid  teeth. 

(d)  Enhydrina. 

Poison  fang  followed  by  six  solid  teeth. 

(e)  Hydrelaps. 

Poison  fang  followed  by  7-18  solid  teeth. 

(/)  Hydrophis. 

(c)  Ventral  scale  large,  nostrils  lateral. 

(g)  Platurus. 

(ii)  Poison  fangs  followed  by  several  grooved  teeth. 

(i)  Poison  fang  followed  by  2-4  feebly  grooved  teeth,  scales  hexagonal, 

juxta -imposed  scales  almost  disappearing  from  belly. 

(h)  Enhydris. 

(ii)  Poison  fang  large,  followed  by  4-10  grooved  teeth,  ventrals  distinct 

but  small. 

(i)  Distir  a. 

(iii)  Poison  fang  followed  by  8  or  10  grooved  teeth.  Ventrals  large,  keeled 
in  the  middle. 

(j)  Aipysurus. 

(a)  Genus  Hydrus.  Poison  fangs  short,  followed  after  a  short  interval  by 
7-8  solid  teeth.  Snout  long,  nostrils  superior  ;  nasal  shields  in  contact 
with  each  other  ;  head  shields  large.  Body  short.  All  the  scales  hexa¬ 
gonal  or  squarish,  juxtaposed.  No  distinct  ventral  scales  A  single 
species. 

H.  platurus.  Colour,  very  variable,  yelloAvish  with  black  cross-bands  or 
spots  or  uniformly  black  above  and  yellow  beneath  with  or  without 
black  spots  ;  tail  yellowish  with  black  spots  or  cross-bands.  Indian 
Ocean,  Tropical  and  Subtropical  Pacific. 

(b)  Genus  Thalassophis.  A  pair  of  poison  fangs  followed  by  five  small 
teeth.  Snout  short,  nostrils  superior  horizontal  between  two  nasal 
shields  and  an  internasal  ;  frontal  and  parietal  shields  large,  prse-ocular 
present.  Body  rather  elongated  ;  scales  hexagonal,  juxtaposed.  No 
distinct  ventral  scales. 

T.  anomalus.  Body  with  dark  annuli  wider  at  back.  Java  Seas. 

(c)  Genus  Acalyptophis.  A  pair  of  poison  fangs  followed  by  solid  teeth, 

frontal  and  parietals  broken  into  scales.  Body  rather  elongated,  scales 
subimbricate,  no  distinct  ventrals. 
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A.  peronii.  Colour  grey  or  olive  with  dark  cross-band,  belly  white. 
West  Pacific. 

(d)  Genus  Enhydrina.  A  pair  of  poison  fangs  followed  by  four  solid  teeth. 
Body  moderately  long,  scales  imbricated.  Ventrals  distinct  but  very 
small.  Nostrils  superior,  nasals  in  contact  with  each  other  ;  head  shields 
large,  mental  narrow,  partly  concealed  in  a  deep  groove.  A  single 
species. 

E.  valakadien.  Colour  olive  or  grey  above,  sides  and  lower  part  white, 
traversed  by  black  bands,  broadest  in  the  centre  and  tapering  to 
the  sides.  Four  feet. 

(e)  Genus  Hydrelaps.  A  pair  of  poison  fangs  followed  by  six  solid  teeth, 

nostrils  in  a  single  nasal  shield  ;  head  shields  large.  Body  feebly  com¬ 
pressed,  scales  imbricated,  ventrals  small  but  well  developed.  Snout 
short. 

H.  darwiniensis.  Colour  :  head  dark  olive  spotted  with,  black  ;  body 
yellowish  white  traversed  by  black  annuli  which  taper  on  the  belly. 
North  Australia. 

(f)  Genus  Hydrophis.  A  pair  of  poison  fangs,  large,  followed  by  7-18  solid 

teeth.  Head  small,  nostrils  superior,  nasal  shields  in  contact  with  each 
other  ;  head  shields  large.  Body  long,  often  very  slender  anteriorly. 
Scales  on  anterior  part  of  body  imbricated.  Ventrals  more  or  less  dis¬ 
tinct  but  small.  About  twenty  odd  species  are  known. 

H.  nigrocinctus.  Pale  olive  above,  belly  yellow  with  black  annuli 
tapering  at  the  sides.  Bay  of  Bengal,  Malacca  Straits. 

(g)  Genus  Platurus.  A  pair  of  poison  fangs,  large,  followed  by  a  single 

very  small  solid  tooth.  Head  shields  large  like  a  Colubride,  nostrils 
lateral.  Ventrals  and  subcaudals  large.  Four  species  described. 

P.  laticau datas.  Colour  black  olive,  belly  yellow  with  back  annuli 
which  are  as  broad  or  broader  than  the  interspaces.  Bay  of  Bengal, 
China  Sea,  South-West  Pacific  Ocean. 

(h)  Genus  Enhydris.  A  pair  of  large  poison  fangs,  followed  after  a  consider¬ 
able  interval  by  2-4  small  feebly  grooved  teeth.  Nostrils  superior  ;  nasal 
shields  in  contact  with  each  other  ;  head  shields  large.  Body  short  and 
stout.  All  the  scales  hexagonal  or  squarish  and  juxtaposed. 

E.  curias.  Dark  grey  with  darker  transverse  bands  nearly  black,  end 
of  tail  black.  Indian  Ocean. 

(i)  Genus  Distira.  A  pair  of  large  poison  fangs  followed  by  4-10  teeth 

grooved  anteriorly.  Head  small  or  moderate  ;  nostrils  superior,  nasal 
shields  in  contact  with  each  other  ;  head  shields  large.  Body  more  or 
less  elongated,  scales  on  anterior  part  of  body  imbricated.  Ventrals 
usually  more  or  less  distinct  but  small.  18  species  are  known. 

D.  cyanocincta.  Colour  greenish  olive  above  with  black  cross-bars  or 
annuli,  sometimes  joined  by  a  line  (black)  running  down  the  back. 
Length  six  feet.  India  and  China  Seas. 

(j)  Genus  Aipysurus.  A  pair  of  moderate-sized  poison  fangs  followed  after 

a  short  interval  by  8-10  grooved  teeth  ;  Anterior  mandibular  teeth  also 
feebly  grooved.  Snout  short  ;  head  shields  large  or  broken  up  into 
scales.  Body  moderate,  scales  imbricated  :  ventrals  large  and  keeled  in 
the  middle.  Five  species  are  described. 

A.  australis.  Colour  brown  or  cream  with  brown  spots  forming  more 
or  less  distinct  cross-bars.  Coasts  of  Australia  and  New  Guinea. 
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CHAPTER  35 

SNAKE  CHARMERS  AND  THEIR  ART 

Synopsis  :  Snake  charmers,  their  castes  and  customs,  and  stock  in  trade,  p.  718  ;  The 
art  of  charming,  natural  aversion,  knowledge  of  the  biting  apparatus  and  habits  of  strike, 
the  handling  of  snakes,  training,  the  use  of  the  bin,  p.  721  ;  Snake  worship,  p.  725  ;  The 
mongoose  fight,  p.  726;  The  charmers’  cures,  snake  stones,  drugs  and  incantations,  p.  727. 

SNAKE  CHARMERS. 

India  is  the  home  of  the  snake  charmer.  As  regards  their  origin  very 
little  can  be  learnt  by  questioning  them,  as  any  knowledge  they  possess  is 
handed  down  verbally  from  father  to  son  and  thus  they  only  have  a  mythical 
idea  of  their  ancestry.  Being  vagrant  tribes  they  soon  separate  from  their 
homes,  and  to  a  large  extent  follow  the  customs  of  the  neighbouring  castes. 
Originally  they  were  all  low  caste  Sudras  belonging  to  the  Bediya  or  gipsy  section. 
To-day  one  meets  four  distinct  castes  wandering  about  northern  India.  By  far 
the  most  expert  amongst  them  is  the  Mal,  low  caste  Hindus,  who  ape  the  customs 
of  the  popular  Hindu  sect  in  the  locality  where  they  reside.  The  snake  goddess 
Manasa  is  their  special  patroness,  and  is  worshipped  at  certain  festivals  (Nag 
Panchami)  by  offerings  of  rice,  sweets,  etc.  These  are  presented  to  the  totem 
in  the  temple  or  grove  by  an  elder  who  acts  as  priest  (Khamid).  These  men 
live  chiefly  by  catching  snakes  and  selling  them  to  other  snake  charmers,  or  by 
selling — in  more  ways  than  one— simples  in  the  bazaar.  They  never  profess 
witchcraft,  juggling,  or  the  healing  art,  and  lead  a  vagrant  life,  leaving  their 
women  folk  at  home.  They  pride  themselves  on  their  Hindu  customs  of 
abstaining  from  beef  and  pork,  but  relish  the  jackal,  porcupine,  field  rat,  and 
Goa  lizard. 

The  Bediyas  or  Gipsies  are  found  all  over  northern  India  and  are  popularly 
spoken  of  as  4  Bengalis  ’  as  they  are  supposed  to  have  originally  come  from 
Bengal.  They  are  jugglers,  fortune  tellers,  reputed  adepts  at  curing  rheumatism, 
gout,  etc.  A  special  subcaste,  the  Ponkwallas,  are  renowned  for  extracting 
worms  from  teeth,  and  thus  curing  toothache.  They  are  also  experts  in  witch¬ 
craft,  the  use  of  the  cautery,  and  cupping.  In  contrast  to  the  habits  of  the 
Mal,  their  women  accompany  them  in  their  profession  and  earn  a  living  by 
dancing,  prostitution,  etc.  The  Bengalis  usually  buy  their  snakes  from  the 
Mals  and  Nats.  The  Nats  inhabit  the  Upper  Province  of  India  and  live  by 
catching  and  selling  snakes,  and  supplementing  their  livelihood  by  begging. 
They  use  dogs  for  hunting  jackals,  Goa  lizards,  etc.,  for  food.  Singaroo,  our 
snake  charmer,  belonged  to  this  sect,  and  to  show  how  precarious  their  living 
is,  he  was  content  to  handle  and  feed  daily  50-200  venomous  snakes  for  the 
small  salary  of  Rs.  10  per  mensem. 

The  Sanyis  or  Tubriwallas  are  found  in  Bengal  and  are  recognized  by 
their  long  loose  yellow  garments  and  large  turbans.  They  carry  a  double  pipe 
mounted  on  a  gourd  shell  called  the  4  Tubri  ’.  This  pipe  is  peculiar  to  them 
and  is  never  used  by  other  charmers.  By  the  music  of  the  Tubri  they  pretend 
to  charm  snakes  from  holes  and  cracks  in  the  walls.  To  carry  out  this  trick  they 
cunningly  conceal  one  or  more  snakes  in  the  folds  of  their  loose  flowing  garments 
and  let  them  out  as  opportunity  occurs.  As  vagrants  they  purloin  whatever 
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comes  in  their  way,  and  sometimes  employ  this  trick  merely  to  gain  access  to 
the  bungalow,  and  obtain  information  previous  to  burglary.  Other  vagrant 
castes  sometimes  take  up  snake  charming  to  supplement  their  shows. 

Stock  in  trade.  The  snake  charmer  usually  carries  a  cobra,  python,  a 
few  non-poisonous  snakes,  e.  g.  Zamenis  mucosus  (the  dhaman  or  rat  snake), 
Tropidonotus  piscator  (the  common  Indian  keelback),  and  Eryx  johnii  (John’s 
earth  snake) ;  the  last  is  shown  to  the  credulous  as  a  double-headed  snake.  It 
is  only  with  expert  men  that  one  sees  a  krait  or  Russell’s  viper.  The  true 
charmer  never  shows  a  mongoose  fight,  as  snakes  are  held  in  reverence,  and  to 
sacrifice  them  at  such  a  performance  would  be  a  crime.  The  belief  held  by 
charmers  is  that  if  they  killed  a  snake  they  would  lose  their  power  for  ever. 
It  is  only  by  the  amateur  Mohammedan  snake  charmer  that  the  mongoose  rat- 
snake  fight  is  exhibited.  The  python  is  part  of  the  charmer’s  marriage  dowry. 
The  intending  bridegroom  is  asked  whether  he  prefers  the  bride  and  a  sum  of 
money  or  the  bride  and  a  python  ;  he  chooses  the  latter,  thereby  ensuring 
happiness  and  health,  as  the  snake  is  symbolic  of  these  attributes. 

The  cobra  is  the  commonest  poisonous  snake  employed  by  these  men.  The 
different  subspecies  of  this  snake  vary  considerably  in  their  colour,  markings 
on  the  hood,  and  in  disposition.  The  cobras  may  be  subdivided  by  the  markings, 
or  ocelli,  on  the  back  of  their  hood,  into  the  following  subspecies  : 

Black  Cobras,  var.  cceca  (Plate  XXVII,  fig.  1).  The  ocelli  marks  are 
absent.  This  type  of  cobra  is  usually  of  a  fierce  disposition,  hurls  itself  forward 
in  the  act  of  striking,  and  is  not  usually  kept  except  by  experienced  men. 

The  Burmese  Cobra,  var.  fasciata.  An  olivaceous  brown  or  black  cobra 
with  yellow  or  grey  bands  and  a  single  ocellus  on  the  hood  (Plate  XXVII, 
fig.  2).  This  variety  is  spoken  of  as  the  Burmese  cobra,  and  is  called  in  the 
vernacular  4  Iveuntiah  Nag  ’.  These  Burmese  cobras  make  extremely  erratic 
movements  ;  they  are  quick  in  striking  and  frequently  do  so  with  open  mouth 
and  intent  to  do  harm.  From  personal  experience  we  can  state  that  this  snake 
is  a  dangerous  one  to  handle  on  account  of  its  ferocity  and  irregular  method  of 
striking.  As  it  does  not  erect  itself  well  it  is  not  suitable  for  show  purposes. 
A  snake  charmer  once  came  to  us,  and  by  way  of  introduction  showed  various 
testimonials  given  to  him  by  eminent  people  commending  his  performances.  He 
was  handed  a  five-foot  Burmese  cobra  to  charm.  The  only  comment  he  made 
was,  4  Sahib,  I  have  performed  before  most  of  the  crowned  heads  in  Europe 
and  all  the  Lieutenant-Governors,  but  I  cannot  charm  a  Keuntiah.’ 

Binocellate  Cobras,  var.  typica.  Dark  brown  cobras  with  the  double  ocelli 
or  V  marks  on  its  hood  (Plate  XXVI).  This  variety  is  called  by  the  snake 
charmers  4  The  Gokurah’,  and  is  the  one  almost  invariably  chosen  for  their  per¬ 
formances.  The  movement  of  these  cobras  is  slower,  and  they  maintain  a  well- 
erected  posture  previous  to  striking.  The  strike  is  made  on  a  perfect  arc  with 
very  little  lateral  range.  The  mouth  is  rarely  opened  during  the  strike,  which  is 
technically  spoken  of  as  a  4  blind  strike  ’  as  there  is  no  real  attempt  made  to 
bite  the  operator.  In  fact  a  good  performing  cobra  is  judged  by  the  barking 
of  its  nose,  indicating  that  it  keeps  grazing  it  on  the  ground  owing  to  these  blind 
strikes. 

*  The  King  Cobra  or  Hamadryad  ( Naia  bungarus)  (Plate  XXVIII)  is  the 
largest  of  venomous  snakes,  but  fortunately  a  rare  one.  It  is  not  found  in 
populous  districts  preferring  the  damp  jungle  districts  of  Eastern  Assam  and 
North  Burma.  It  grows  to  14  feet  in  length  ;  the  largest  specimen  in  our  posses¬ 
sion  measured  11  \  feet.  It  is  very  powerful  and  in  its  wild  state  very  aggressive. 
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On  account  of  its  formidable  appearance  it  is  a  favourite  with  snake  charmers  ; 
with  a  little  persuasion  and  knowledge  it  is  fairly  easily  handled,  but  owing  to 
its  fierceness  it  is  only  exhibited  without  fangs  and  venom.  In  the  Bombay 
Natural  History  Society’s  Transactions  an  account  is  given  of  a  Burmese  snake 
charmer’s  performance  with  a  king  cobra.  In  the  narrative  the  Burman  puts 
his  head  down,  and  the  snake  playfully  strikes  over  his  neck.  The  explanation 
is  that  the  snake  was  a  large  one  and  the  huge  arc  of  the  strike  prevented  it  from 
reaching  the  Burman,  who  had  thrown  himself  up  against  the  body  of  the  snake 
and  the  strike  therefore  overshot  its  mark. 

Besides  the  cobras  mentioned  above,  the  following  poisonous  snakes  are 
occasionally  seen,  but  are  not  popular  with  charmers  owing  to  their  poor  per¬ 
formance,  and  are  only  shown  for  their  venomous  qualities.  They  are  invariably 
handled  without  fangs  and  only  by  expert  charmers — more  often  non-poisonous 
snakes  are  shown  in  place  of  them  and  generally  deceive  the  general  public. 

The  Common  Krait  ( Bungarus  Candidas ).  This  snake  is  supposed  to  frequent 
houses.  Various  tales  are  told  about  it  being  found  in  shoes,  bedding,  etc.  On 
investigation  the  snake  found  invariably  turns  out  to  be  the  non-poisonous  but 
aggressive  wolf  snake  ( Lycodon  aulicus).  Many  of  the  recoveries  from  krait 
bites  are  to  be  explained  in  this  way.  The  krait  is  a  moderate-sized  snake, 
2-4  feet  in  length,  with  white  stripes  on  a  dark  blue  to  a  purple-brown  background 
(Plate  XXIX,  fig.  2)  and  is  rarely  found  in  houses.  It  can  easily  be  recognized 
by  the  large  hexagonal  scales  that  run  down  the  centre  of  its  back.  Snake 
charmers  usually  show  the  Lycodon  aulicus  instead  of  the  krait. 

The  Banded  Krait  or  Raj  Samp  (Bungarus  fasciatus)  (Plate  XXIX,  fig.  1) 
has  alternate  bands  of  blue  and  yellow  encircling  the  body.  The  body  is  wedge- 
shaped  and  down  the  ridged  back  the  large  hexagonal  scales  are  seen,  charac¬ 
teristic  of  the  genus  Bungarus  (kraits).  The  average  length  of  this  snake  is  about 
4  feet,  but  specimens  over  6  feet  are  occasionally  seen.  On  account  of  its  blunt 
tail,  uneducated  Indians  believe  that  the  snake  possesses  a  head  at  each  end, 
which  alternates  from  end  to  end  every  six  months.  The  Lycodon  fasciatus  (the 
banded  wolf  snake),  which  is  non-poisonous,  is  often  shown  instead  of  the  banded 
krait,  and  tales  are  told  that  on  a  moonlight  night  the  snake  sucks  the  milk  from 
the  cow’s  udder  and  the  cow  dies.  Both  these  kraits  are  extremely  sluggish  and 
never  make  any  attempt  to  bite  unless  injured  or  annoyed.  They  can  be  handled 
with  perfect  safety  provided  they  are  lying  still  and  breathing  quietly.  If  any 
krait  is  restless  or  taking  deep  breaths,  which  shows  that  it  is  annoyed,  attempts 
to  lift  it  up  with  the  bare  hand  would  be  foolish  and  almost  certainly  fatal.  The 
venom  of  these  snakes  is  about  sixteen  times  as  toxic  as  cobra  venom. 

The  Russell’s  Viper  or  Daboia  is  known  in  the  vernacular  as  ‘  Suskar  ’, 
from  Sus-karna ,  to  kiss.  In  Ceylon  it  is  called  the  4  Tic  polonga  ’.  It  varies  in 
length  from  2  J-4  feet  and  has  all  the  characteristics  of  a  viper  (Plate  XXX,  fig.  1 ). 
The  body  is  a  chocolate-brown  colour  with  a  triple  set  of  black  rings,  greyish  or 
brown  in  the  centre,  and  edged  with  white.  The  rings  run  down  the  back  in  the 
shape  of  a  chain,  hence  it  is  sometimes  called  ‘  the  chain  viper  ’.  This  snake  is 
an  extremely  dangerous  one  to  handle,  and  the  majority  of  accidents  that  occur 
amongst  snake  charmers  are  due  to  trying  to  catch  this  snake.  There  are  many 
reasons  for  this  danger.  The  snake  is  always  on  the  defensive,  with  its  head 
placed  in  the  centre  of  the  coil  ready  to  strike.  The  striking  distance  is  about 
three-quarters  of  the  length  of  the  snake.  Thus  a  4-foot  specimen  can  strike  the 
distance  of  2\  to  3  feet,  and  seems  to  be  able  to  strike  at  any  angle.  All  that 
one  sees  is  a  bright  flash  of  pink — the  widely  opened  mouth — and  before  one 
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realizes  what  has  happened  the  snake  has  struck.  If  it  misses  its  object  it  is 
back  almost  immediately  in  its  original  defensive  position.  The  position  of  the 
head  renders  it  difficult  to  pinion,  and  one  is  certain  to  be  bitten  should  the 
snake  manage  to  wriggle  away  as  the  hand  approaches  to  pin  down  the  snake’s 
neck  behind  the  restraining  stick  (fig.  308).  Again,  if  the  index  finger  is  placed 
too  far  forward  in  holding  the  snake’s  head,  the  fangs,  owing  to  their  large  size 
and  the  fact  that  they  are  rocked  forward,  will  pierce  the  floor  of  the  mouth 
and  prick  the  index-finger  of  the  operator  as  the  snake  bites  at  the  air  (fig.  309). 
An  accident  once  occurred  in  our  laboratory  in  this  way,  but  fortunately  no 
venom  was  injected. 

The  Saw-scaled  Viper  ( Echis  carinatus)  (Plate  XXX,  fig.  2)  is  called  in  the 
vernacular  the  4  Efa  ’  or  4  Phoosa  ’.  It  is  a  small  viper,  rarely  exceeding 
20  inches  in  length,  and  is  found  in  the  sandy  arid  plains  of  Egypt,  Arabia,  and 
India.  The  broad  arrow  on  its  head  and  the  peculiar  defensive  position  taken 
up — in  the  form  of  a  double  S — renders  its  recognition  easy.  When  it  is  annoyed 
it  continually  rubs  one  flank  against  the  other,  and  owing  to  the  rough  nature 
of  its  scales  the  rubbing  produces  a  hissing-like  noise.  The  strike,  as  with  all 
vipers,  is  instantaneous ;  but  fortunately  it  has  a  small  range  of  strike,  in  a 
forward  and  upward  direction.  Hence,  as  long  as  the  approaching  hand  is 
behind  the  head,  there  is  no  danger. 

THE  ART  OF  SNAKE  CHARMING. 

The  operator  must  first  overcome  any  natural  aversion  he  possesses  for  these 
reptiles.  With  snake  charmers  it  is  different,  as  they  are  handling  non-poisonous 
snakes,  e.  g.  the  python,  rat-snake,  etc.,  from  their  very  early  youth.  As  these 
boys  reach  manhood  they  are  taught  to  handle  and  perform  with  cobras.  It 
took  me  (H.W.A.)  several  months  to  overcome  this  aversion,  and  even  now 
I  am  not  happy  when  handling  a  Russell’s  viper.  Once  this  aversion  is  conquered 
the  operator  must  impart  to  the  snake  the  impression  that  he  is  master  and  is 
not  afraid.  To  do  this  the  snake  must  be  caught  boldly,  without  hesitation.  The 
snake  should  not  be  given  an  opportunity  to  get  in  a  favourable  position  for 
striking,  otherwise  the  operator  may  show  fear  if  the  snake  strikes,  and  so  lose 
control  over  the  reptile.  An  actual  experience  may  be  quoted  :  4  We  possessed 
a  perfectly  docile  python.  One  of  us  caught  its  head  in  a  guillotine,  and  after 
much  struggling  the  python  was  released,  and  it  promptly  bit  the  operator.  A  few 
days  after,  the  snake  charmer  was  attending  to  it,  and  he  got  bitten.  Both  men 
were  afraid  of  the  snake,  and  as  soon  as  they  approached  it  the  snake  started 
hissing.  With  Peter  (our  laboratory  attendant)  and  myself  (H.W.A.)  he  was 
perfectly  docile.  Some  weeks  after  I  had  a  white  apron  on,  and  in  putting  my 
hand  into  the  cage  the  snake  (mistaking  my  hand  for  a  rabbit)  bit  me.  I  lost 
my  nerve,  and  thereafter  the  snake  never  allowed  any  of  us  three  to  go  near 
it  without  striking ;  but  Peter  managed  the  snake  quite  easily,  to  the  time  of 
its  death  many  months  after.’ 

An  unskilled  person  handling  a  harmless  snake  hesitatingly  puts  his  hand  in 
the  cage;  if  the  snake  makes  the  slightest  movement  he  at  once  withdraws  his 
hand,  and  the  snake  naturally  strikes.  A  professional  charmer  sees  that  the  head 
6f  the  snake  is  away  from  him,  quietly  puts  his  hand  in,  and  lifts  the  snake  up 
by  the  tail,  and  the  reptile  appears  perfectly  docile.  In  other  words,  he  seizes 
his  opportunity,  the  snake  does  not  see  the  hand  approaching,  and  is  gently 
lifted  up  before  realizing  anything  unusual  has  happened.  The  first  thing  a 
snake  charmer  is  taught  from  his  very  youth  is  to  be  able  to  recognize  the 
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position  of  the  fangs,  and  locate  the  venom  glands.  The  fangs  are  usually 
extracted  by  allowing  the  cobra  to  bite  a  piece  of  cloth.  As  soon  as  the  snake 
has  got  a  firm  grip  on  the  cloth  the  cloth  is  wrenched  out  of  its  mouth,  thus 
generally  bringing  away  the  main  fangs.  The  snake  is  then  caught,  and  the 
fangs  are  examined  with  a  porcupine  quill.  If  any  accessory  fangs  are  felt  in 
the  vagina  dentis  they  are  removed  by  a  small  pair  of  forceps.  The  examination 
of  the  mouth  is  carried  out  every  few  days  to  see  that  in  the  meantime  no 
accessory  fangs  have  grown.  Better-class  charmers  leave  the  fangs  intact,  but 
allow  the  snake  to  bite  a  piece  of  cloth  and  then  compress  practically  all  the 
venom  out  of  the  glands.  The  trick  of  allowing  themselves  to  be  bitten  and 
applying  a  snake  stone  as  a  cure  is  done  as  follows.  Practically  all  the  venom 
is  compressed  out  of  the  gland,  so  that  when  the  snake  bites  the  charmer 
hardly  any  venom  can  be  injected.  The  snake  is  next  allowed  to  bite 
a  chicken,  and  by  manual  compression  of  the  venom  gland,  which  is  not  observed 
by  the  onlookers,  a  few  milligrammes  are  squeezed  into  the  chicken :  this  small 
amount  is  sufficient  to  cause  symptoms  and  death  within  a  few  minutes.  The 
trick  is  rarely  shown,  but  is  sufficient  to  convince  the  most  credulous  as  to  the 
natural  immunity  of  snake  charmers  or  the  value  of  snake  stones. 

The  snake  charmer  knows  how  to  handle  a  snake.  Cobras  as  a  rule  will  only 
bite  when  the  hood  is  erected.  The  charmer  quietly  opens  the  basket  or  bag, 
carefully  notices  whether  any  of  the  snakes  are  in  a  striking  position,  looks  round 
for  the  most  convenient  tail  and  lifts  it  out.  If  any  snake  is  prepared  to  strike 
he  will  choose  a  tail  outside  the  range  of  strike.  He  then  holds  the  cobra  by  the 
end  of  the  tail,  and  the  snake  cannot  bite  him,  as  it  can  only  raise  itself  three- 
quarters  of  its  body  length.  A  good  performing  cobra  makes  its  strike  (with 
very  little  lateral  range)  on  a  perfect  arc  of  a  circle  ;  in  the  daytime  there  is  no 
real  attempt  made  to  bite,  as  the  mouth  is  kept  closed  during  the  strike,  viz. 

‘  a  blind  strike  \  As  long  as  the  hand  is  kept  inside  or  outside  the  arc  of  strike 
there  is  no  danger.  With  experience,  if  the  hand  happens  to  be  under  the 
cobra’s  head  and  the  downward  strike  commences,  it  can  be  quickly  lowered  to 
keep  a  certain  distance  from  the  cobra’s  head.  When  the  hand  is  near  the  ground 
it  can  be  rapidly  withdrawn  outside  the  dangerous  area,  and  the  snake’s  head 
hits  the  ground  harmlessly.  The  strike  can  also  be  stopped  with  relative  safety 
by  an  upward  blow  of  the  open  palm.  This  performance  cannot  be  done  too 
often,  otherwise  the  cobra  will  get  irritated  and  strike  with  open  mouth  in 
self  defence.  The  king  cobra  ( Naia  bungarus)  is  much  more  difficult  to  handle, 
owing  to  the  half  turn  in  the  coil  below  the  erected  hood  :  this  allows  the  snake 
a  good  deal  of  lateral  play.  Moreover,  every  strike  is  made  with  open  mouth. 
Snake  charmers  therefore  invariably  handle  this  formidable  and  aggressive  cobra 
without  fangs  and  venom.  Kraits  as  a  rule  can  be  handled  safely  as  long  as 
they  are  not  annoyed,  as  shown  by  deep  breathing  or  attempts  to  escape.  The 
Russell’s  viper  is  the  most  difficult  of  all  snakes  to  handle  ;  the  attendant  at  the 
Calcutta  Zoo  uses  a  cloth  duster  to  block  the  lightning  strikes  of  this  reptile. 

Training.  It  is  popularly  thought  that  cobras  can  be  trained  to  carry  out 
any  movement  the  charmer  wishes  ;  in  reality  all  the  charmer  does  is  to  antici¬ 
pate  the  natural  behaviour  of  these  reptiles.  For  example  a  cobra  is  required 
to  carry  out  the  following  complicated  movements  :  when  erect  to  turn  to  the 
right,  face  again,  raise  its  head  higher,  make  a  sudden  strike,  resume  its  erect 
position,  and  then  place  its  head  on  the  ground.  To  make  the  snake  do  this,  the 
hand  is  waved  gently  to  the  right  and  the  snake  immediately  turns,  it  is  brought 
to  the  front  and  the  snake  again  follows.  The  hand  is  then  gradually  raised. 
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and  the  snake  raises  itself  higher  ;  still  gently  moving  the  hand  it  is  brought 
down  below  the  level  of  the  snake’s  head  and  then  rapidly  withdrawn.  The 
cobra  strikes.  The  arm  is  extended  so  that  when  the  snake  rises  the  palm 
touches  the  back  of  the  hood.  The  hand  is  then  slowly  lowered  and  the  snake 
places  its  head  on  the  ground. 

If  a  snake  is  required  to  be  tamed  it  should  be  taken  out  daily,  and 
provoked  to  strike,  and  so  gradually  tired  out  of  its  wildness.  After  a  time  the 
snake  realizes  that  the  charmer  is  the  master,  and  that  by  striking  it  only 
injures  an  already  sore  nose.  Between  the  performances  the  snake  must  be  left 
alone  and  not  worried.  If  a  cobra  can  be  persuaded  to  drink  water  or  milk,  by 
holding  its  mouth  near  the  fluid,  the  offer  is  a  great  inducement  towards  good 
behaviour. 

The  use  of  the  bin.  ‘  The  bin  ’  is  the  instrument  used  by  charmers  ; 
it  consists  of  a  gourd  shell,  in  the  lower  part  of  which  two  reeds  are  stuck  by 
beeswax ;  the  instrument  is  ornamented  by  leather  and  cloth  trappings  covered 
with  cowries,  coins,  etc.  The  music  played  by  the  snake  charmer  is  superfluous 
because  when  erect  the  snake  has  no  appreciation  of  sound,  as  it  has  a  bony  ear 
without  a  tympanic  membrane.  The  only  sounds  heard  are  vibrations  trans¬ 
mitted  through  the  skull  via  the  ground.  To  prove  this,  a  strip  of  sticking- 
plaster  is  placed  over  the  snake’s  eyes,  and  the  snake  made  to  erect  itself.  Any 
noise,  however  loud,  can  be  made,  and  the  snake  is  oblivious  of  it.  The  sound 
of  approaching  footsteps,  or  anything  falling  on  the  ground,  can  be  heard  only 
if  the  snake  is  lying  on  the  ground.  To  illustrate  how  useless  the  music  of 
the  bin  is,  our  snake  charmer  was  made  seemingly  to  charm  a  cobra  by  playing 
his  tunes,  in  the  middle  of  the  performance  he  was  told  to  stop  playing  and 
to  go  on  swaying  his  instrument.  The  snake  remained  just  as  much  charmed. 
Our  snake  charmer  would  rarely  do  this,  as  he  regarded  it  as  giving  the  show 
away. 

Charmers  always  prefer  their  snakes  to  be  in  a  basket  or  an  earthenware 
‘  chatty  ’  during  the  performance,  as  the  snakes  are  thus  at  a  disadvantage. 

In  a  basket,  as  the  snake  gets  right  back,  poising  for  a  strike,  it  touches  the 
back  of  the  basket,  and  if  it  strikes  it  hits  its  abdomen  on  the  front  of  the  basket. 
It  is  rather  like  placing  a  man  up  against  a  wall  and  asking  him  to  hit  as  hard 
as  he  can.  In  a  chatty  the  snake  is  at  a  still  greater  disadvantage  owing  to  the 
unstable  equilibrium  of  the  vessel,  as  it  poises  back  to  strike,  the  front  of  the  chatty 
tilts  up  and  the  snake  nearly  falls  backwards;  if  it  lunges  forward  the  back  of 
the  chatty  tilts  up  and  the  snake  receives  a  violent  blow  on  the  nose.  In  the  end 
it  remains  erect  and  is  mainly  concerned  with  balancing  itself.  As  snakes  cannot 
hear  sounds,  if  the  bin  is  played  and  the  cover  of  the  basket  gently  removed  the 
cobra  will  be  found  quietly  coiled  up  and  indifferent  to  the  music.  To  aid  the 
deception  the  charmer  goes  through  a  lot  of  preliminaries:  the  lid  is  slightly 
raised,  the  basket  blown  into,  well  tapped,  and  mystic  mantras  are  recited;  this 
thoroughly  annoys  the  snake.  The  lid  is  then  suddenly  raised  and  the  entrance 
of  light  into  the  basket  coupled  with  the  previous  tapping  causes  the  frightened 
cobra  at  once  to  assume  a  defensive  posture.  Light  is  an  important  aid  to  the 
charmer,  as  all  these  reptiles  are  nocturnal  or  semi-nocturnal  in  habits  and 
cannot  see  well  in  the  day.  As  a  result  the  distance  and  object  struck  at  are 
often  misjudged,  hence  few  fatal  bites  occur  during  the  day.  Perhaps  some  may 
wonder  what  is  the  use  of  this  instrument  if  music  is  not  necessary  to  charm  ? 
The  bin  has  two  uses,  by  the  swaying  movement  the  cobra  is  kej:>t  on  the  qui  vive 
and  in  a  few  minutes  becomes  less  animated  and  sways  as  though  influenced  by 
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the  slow  and  monotonous  rhythm  of  the  instrument.  The  snake’s  eyes  at  first 
anxiously  watching  every  movement,  now  become  fixed  as  the  bin  stops  swaying. 
The  charmer  takes  advantage  of  this  moment  ;  without  moving  the  bin  he 
cautiously  approaches  and  touches  the  head  of  the  cobra  with  his  lips.  Although 
this  act  takes  but  a  second  to  perform,  the  touch  startles  the  snake,  which 
immediately  strikes,  and  the  charmer  has  just  sufficient  time  to  get  clear  of  the 
strike.  The  second  use  of  the  bin  is  as  a  defensive  weapon.  When  the  fingers 
are  low  down  near  the  extremity  of  the  reeds  and  high  notes  are  being  played, 
the  bin  is  kept  on  a  level  with  the  head  of  the  snake  so  that  any  strike  passes 
harmlessly  away  from  the  fingers.  When  low  notes  are  being  played  and  the 
fingers  are  high  up,  the  lower  part  of  the  reed  is  used  defensively.  If  the  charmer 
wishes  to  catch  the  cobra,  low  notes  are  played  and  the  lower  part  of  the  reeds 
are  brought  below  the  snake’s  mouth,  this  prevents  the  cobra  from  seeing  the 
approaching  hand  ;  should  it  endeavour  to  strike,  the  instrument  is  lifted  up 
against  the  mouth.  The  onlooker  does  not  realize  what  has  taken  place  as  he 
is  watching  the  hand  of  the  charmer.  As  the  cobra’s  attention  is  attracted 
by  the  bin,  the  right  hand  passes  unseen  under  the  reeds  or  from  the  back  and 
the  snake  is  gripped  about  3  inches  below  the  hood.  The  cobra  is  then  lifted 
up  from  the  ground,  the  erected  hood  swaying  above  the  charmer’s  hand,  and 
any  strike  now  made  is  away  from  the  hand.  The  danger  in  the  trick  lies  in 
the  difficulty  of  getting  to  the  snake  unseen. 

Some  years  ago  an  account  appeared  in  a  leading  Indian  newspaper 
describing  the  marvellous  powers  of  a  snake  charmer  who,  after  covering  his 
hands  with  a  powder,  apparently  endowed  with  magical  powers,  was  able  to 
handle  snakes  without  danger.  At  this  time  we  were  giving  a  course  of  lectures 
on  snakes,  and  were  asked  by  a  member  of  the  class  if  any  of  this  magical 
powder  had  been  sent  to  us.  One  of  us  (H.W.A.)  said  we  had  not  received 
this  powder,  but  when  giving  a  demonstration  on  snakes  would  show  the  class 
the  next  day  what  could  be  done  by  some  powder  in  our  possession.  In  the 
meantime  our  snake  charmer  was  carefully  instructed  what  to  do.  Before  the 
assembled  class  he  smeared  his  hands  with  turmeric  (any  other  powder  would 
have  done  equally  well).  A  box  containing  about  20  large-sized  kraits  ( B .  can- 
didus)  with  fangs  and  full  venom  was  casually  opened  and  three  of  the  snakes 
lifted  out  and  exhibited,  as  if  with  this  powder  he  was  proof  against  any  attack. 
Nothing  happened,  as  he  first  looked  to  see  if  all  the  kraits  were  quiet.  The 
kraits  were  replaced  in  their  box  and  the  same  thing  done  to  a  box  of  cobras. 
The  charmer  unceremoniously  caught  one  by  the  tail,  lifted  it  out  of  the  box,  and 
placed  it  on  the  ground.  The  cobra  raised  its  hood,  he  attracted  its  attention 
with  the  left  hand  and  with  the  right  caught  it  from  the  back  below  the  hood 
and  lifted  it  off  the  ground,  the  expanded  head  of  the  cobra  swaying  above  his 
hand. 

After  this  lecture  we  were  asked  the  composition  of  this  magical  powder,  and 
had  to  confess  it  was  nothing  more  than  ground  turmeric  root,  and  that  biting 
had  not  occurred  because  the  man  knew  the  movements  of  the  snakes. 

The  feeding  of  snakes.  Most  snakes  refuse  food  when  kept  in  captivity. 
Cobras  will  sometimes  readily  eat  rats,  mice,  etc.  ;  all  such  cobras  have  a  higher 
value  as  they  can  be  kept  alive  for  considerable  periods.  If  a  snake  persistently 
refuses  food  it  has  to  be  forcibly  fed.  The  snake  is  caught,  the  lower  jaw  prised 
open  with  forceps,  and  a  funnel  with  a  long  stem  is  pushed  down  its  throat. 
Some  2-4  ounces  (60-120  c.c.)  of  milk  are  poured  down ;  once  a  week  a  bolus  of 
meat  is  forced  down  the  throat  with  a  glass  rod.  The  snake  should  always  be 
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made  to  bite  the  funnel  or  piece  of  meat  so  that  a  certain  amount  of  venom 
trickles  down  the  throat  and  mixes  with  the  food.  A  cobra  can  die  of  indigestion 
if  the  whole  of  the  venom  is  extracted  and  then  meat  is  forced  down  its 
throat.  Snake  charmers  know  this  and  never  feed  their  snakes  immediately 
after  extracting  venom.  Venom  is  primarily  a  digestive  juice.  In  nature 
when  a  cobra  bites  a  rat  it  lets  it  go ;  if  the  rat  runs  down  a  hole,  the  snake 
patiently  waits  ;  in  a  few  minutes  the  rat,  suffering  from  asphyxia,  comes 
up  for  air.  By  this  time  the  venom  has  circulated  throughout  the  body  of  its 
victim  and  as  soon  as  the  animal  is  completely  paralysed  the  cobra  starts 
swallowing  it.  In  the  stomach  of  the  cobra  the  venom  in  the  rat  acts  as  a 
kinase,  increasing  the  penetration  of  the  gastric  juices  as  well  as  activating  it. 
Non-poisonous  snakes  wet  their  prey  well  with  saliva.  One  can  therefore 
understand  why  venom  is  injected  into  the  prey  and  why  digestion  is  so  complete, 
dissolving  every  tissue  of  the  body  except  the  hair  and  nails. 

SNAKE  WORSHIP. 

The  worship  offered  to  the  serpent  ranks  amongst  the  earliest  forms  by 
which  the  human  intellect  sought  to  propitiate  the  unknown  powers.  Fear 
might  have  been  sufficiently  powerful  to  account  for  the  prevalence  of  this  type 
of  worship  in  the  dark  ages.  On  examining  the  subject  at  a  less  distant  date  we 
are  struck  with  a  phenomenon  of  a  totally  different  nature.  When  we  examine 
the  serpent-worship  as  j3ractised  either  in  the  wilderness  of  Sinai,  the  groves  of 
Epidaurus,  in  Sarmatian  huts,  or  in  Indian  temples,  the  snake  is  always  regarded 
as  the  bringer  of  health  and  fortune,  the  teacher  of  wisdom,  the  oracle  of  future 
events,  and  as  such  is  worshipped  with  adoration  instead  of  fear. 

In  India  the  cobra  is  still  represented  as  the  evil  power.  This  idea  arose 
from  the  Vedas.  The  Hindu  Rishis,  who  had  been  trying  to  understand  the 
spiritual  side  of  man,  considered  this  to  consist  of  two  parts.  The  Atrna,  the 
immortal  portion,  i.  e.  the  soul,  and  the  Chita  or  lower  mind. 

The  Lower  Mind,  or  Chita,  was  always  striving  to  obtain  the  worldly  things 
(Visha)  derived  from  Sanskrit  Vish  (poison).  These  worldly  desires  (Vishas) 
were  represented  symbolically  in  the  scene  of  the  first  incarnation  of  Vishnu 
by  a  cobra  (Nag).  In  this  scene,  Vishnu  the  supreme  god  is  depicted  as  sleeping 
on  the  ocean  (ether  or  space)  and  under  him  is  the  many-headed  cobra  (Shesh 
Nag)  representing  the  senses  of  man,  through  which  the  various  worldly  desires 
(Vishas)  may  be  obtained.  The  Soaring  Eagle  (Gadurah),  the  enemy  of  the 
snake,  symbolically  represents  the  controlling  power. 

From  time  immemorial,  poisonous  snakes  have  been  regarded  as  symbols 
of  divine  power.  The  cobra,  to  the  Egyptians,  was  a  sacred  reptile.  It  was 
employed  as  a  character  in  their  picture  writings  (Hieroglyphics),  whilst 
the  hooded  form  of  the  cobra  adorned  the  crown  of  kings  as  far  back  as  the 
fourth  dynasty,  3500  b.  c.  In  the  Ramesside  dynasty  the  double-headed  cobra 
represented  the  sovereignty  of  Upper  and  Lower  Egypt  and  replaced  the  double 
head-dress  worn  by  the  rulers  of  earlier  dynasties.  The  same  reverence  was  paid 
to  the  viper  Echis  carinatus  (Cleopatra’s  asp)  and  to  the  Cerastes — the  horned 
.vipers.  Non-poisonous  snakes,  on  the  other  hand,  were  considered  to  be 
emblematical  of  good  health,  possibly  on  account  of  shedding  their  skin  every 
month.  The  Psylli,  an  ancient  nation  of  Africa,  and  the  Marsi  in  Italy  were 
supposed  to  be  able  to  resist  the  fatal  effect  of  the  poison  of  the  vipers  (V.  lebetina 
prol3ably).  Some  supposed  that  the  vipers  would  not  bite  them,  and  it  was  said 
that  this  fact  was  made  a  test  for  the  legitimacy  of  their  children.  Their 
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supposed  immunity  was  probably  due  to  the  fact  that  bites  from  these 
vipers  rarely  cause  death.  St.  Paul,  after  being  shipwrecked  was  received  by 
the  inhabitants  of  the  island,  and  whilst  lighting  a  fire  was  attacked  by  a  viper, 
he  shook  the  reptile  into  the  fire,  and  suffered  no  ill  effects  from  the  bite,  where¬ 
upon  the  people  proclaimed  him  to  be  a  god.  The  viper  in  St.  Paul’s  case  was 
probably  V.  lebetina.  When  a  man  can  manipulate  these  reptiles,  or  be  bitten 
by  them  Avith  impunity,  it  is  not  surprising  that  he  is  regarded  as  being  possessed 
with  supernatural  powers. 

THE  MONGOOSE  FIGHT. 

Rudyard  Kipling  in  the  Jungle  Book  describes  the  great  battle  that  Rikki- 
tikki  (the  mongoose)  fought  with  Nag  (the  cobra)  in  the  bathroom  of  the  big 
bungalow  in  Segowlee  Cantonment.  The  description  must  have  been  written 
as  the  result  of  the  author  watching  a  mongoose  fight  with  a  rat  snake.  This 
trick  is  the  usual  stock-in-trade  of  the  tubri-wallah’s  performance.  We  have 
witnessed  scores  of  fights  between  Tommy — our  pet  mongoose- — so-called  on 
account  of  his  fighting  qualities,  and  cobras  of  all  sizes  and  kinds  ;  in  fact  the 
shikar  used  to  give  him  exercise  and  food. 

The  fight  was  as  follows  :  the  cobra  was  set  free  in  the  room  and  glided  about 
attempting  to  escape.  The  mongoose,  with  an  air  of  indifference,  approached 
the  cobra  from  the  back  and  slightly  touched  it  with  its  nose.  The  snake  turned 
a  little  and  then  went  on.  The  mongoose  again  followed,  determined  to  make 
the  cobra  raise  its  head  to  strike  ;  it  was  sometimes  necessary  to  give  the  cobra 
a  sharp  bite  on  its  tail  to  make  it  angry.  The  mongoose  was  far  too  wise  to 
tackle  the  cobra  when  its  head  was  on  the  ground.  The  snake,  thus  irritated, 
at  once  turned  on  the  mongoose  with  head  erect,  hissing  loudly,  and  well 
balanced  in  order  to  give  an  effective  blow.  The  mongoose  with  mouth  open, 
hair  bristling,  and  eyes  intently  fixed  on  the  enemy,  would  goad  the  cobra  to 
strike  by  emitting  a  short  splitting  cry  ;  all  the  while  the  mongoose  carefully 
kept  outside  the  area  of  danger.  This  skirmish  would  last  for  a  minute  or  so 
until  the  cobra  was  thoroughly  angry.  The  mongoose  now  closed  into  the 
range  of  strike,  with  its  mouth  widely  open  showing  the  whole  set  of  its  fine 
needle-like  teeth.  The  cobra  steadied  itself  for  a  minute  to  make  a  desperate 
blow  at  its  foe.  In  all  its  fury  the  cobra  lunged  forward  at  the  mongoose  who 
briskly  sprang  to  one  side,  and  as  the  snake’s  head  (at  the  end  of  the  strike)  was 
nearing  the  ground  the  mongoose  gave  one  sharp  bite  behind  the  snake’s  eyes. 
This  bite  usually  paralysed  the  masseter-temporal  muscle  which  compresses 
the  venom  gland.  If  the  bite  was  not  effectual  as  shown  by  the  lower 
jaw  not  dropping,  the  mongoose  gave  a  second  bite  in  the  same  position 
but  on  the  opposite  side  of  the  snake’s  head.  The  snake,  stunned  by  the 
force  of  the  bite,  and  with  its  lower  jaw  drooping  owing  to  paralysis,  would 
again  raise  its  head  to  strike.  The  mongoose  now  closed  with  its  adversary. 
The  cobra  struck  with  gaping  mouth,  the  mongoose  sprang  back  to  avoid 
the  blow,  and  at  the  moment  when  the  snake’s  head  was  within  a  few  inches 
of  the  ground  the  mongoose  delivered  another  bite,  but  this  time  in  front  of 
the  snake’s  eye  in  order  to  dislocate  the  maxilla  and  render  the  fang  useless 
on  that  side.  The  fang  on  the  opposite  side  was  dealt  with  in  a  similar  manner. 
The  cobra  rose  with  both  fangs  useless  and  the  muscles  of  the  venom  gland 
paralysed.  The  mongoose  now  knew  that  the  cobra  was  at  its  mercy,  for  the 
snake  struck  in  a  wild  manner  without  any  precision  of  aim.  The  fight  would 
be  ended  by  the  mongoose  delivering  a  firm  bite  on  the  snake’s  head  and  hanging 
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on  until  movements  ceased.  The  mongoose  sometimes  commenced  to  tear  open 
the  snake  at  this  stage,  but  in  whichever  way  the  fight  ended  the  sole  aim 
of  the  mongoose  seemed  to  be  to  reach  the  snake’s  liver  and  eat  it. 

The  natural  immunity  of  the  mongoose  is  dependent  largely  on  its  agility. 
The  slow,  poised,  regular  arc-like  strike  of  the  cobra  has  no  chance  against 
such  an  agile  little  animal,  and  so  the  mongoose  stands  every  chance  of  winning 
the  fight.  With  non-poisonous  snakes  the  mongoose  rushes  straight  at  the 
head  and  obtains  a  firm  grip,  then  hangs  on  until  the  snake  dies.  How  the 
mongoose  obtains  its  information  as  to  which  snakes  are  poisonous,  and  which 
are  not,  was  a  puzzle  to  me  for  a  long  time.  The  explanation  is  that  the  mon¬ 
goose  never  closes  in  with  its  unknown  adversary  until  it  has  first  seen  a  strike 
delivered  ;  once  that  is  seen  the  mongoose  knows  how  to  deal  with  the  snake. 
We  once  put  Tommy  to  fight  a  Russell’s  viper  :  he  waltzed  round  the  snake 
well  outside  range  until  the  viper  struck.  The  rapidity  and  range  of  strike 
was  too  much  for  the  mongoose  and  he  would  never  go  near  a  Russell’s  viper 
again. 


SNAKE  CHARMERS’  CURES. 

It  is  a  well  recognized  fact  in  medical  science  that  if  any  disease  has  a 
host  of  reputed  cures  and  is  accompanied  by  a  low  death  rate,  there  is  no 
cure.  With  regard  to  snake  bites  persons  are  bitten  by  non-poisonous  as  well 
as  by  poisonous  snakes.  Bites  from  non-poisonous  snakes  are  more  frequent 
and  practically  without  a  mortality  rate — excluding  the  few  deaths  from 
sepsis  and  shock.  Bites  from  poisonous  snakes  do  not  necessarily  lead  to  fatal 
results,  thus  the  Lcichesis  gramineus  (the  green  pit  viper)  and  the  Ancistrodon 
himalayanus  (the  Himalayan  pit  viper),  and  probably  all  the  members  of  the 
genera  Ancistrodon  and  Lackesis  found  in  India,  cannot  give  a  fatal  dose  of 
venom  to  an  adult.  Echis  carinatus  and  the  Russell’s  viper  frequently  do 
not  give  a  fatal  dose,  whilst  the  cobra  and  kraits  occasionally  may  not  be  able 
to  inject  a  lethal  dose  owing  to  a  bad  hold.  Thus  the  mortality  amongst  persons 
bitten  by  snakes  of  all  varieties  in  India  is  about  6-10  per  cent  and  90  per  cent 
survive  irresjDective  of  treatment.  This  large  percentage  gives  sufficient  excuse 
for  a  host  of  reputed  cures  to  hold  their  ground.  The  line  of  argument  adopted 
by  the  lay  public  seems  to  be  somewhat  as  follows  :  all  biting  snakes  are  ipso 
facto  poisonous.  A  man  who  is  bitten  by  a  snake  will  probably  die.  A  remedy 
is  given,  be  it  antimony,  arsenic,  neem,  snake  root,  etc.,  and  the  patient  survives  ; 
the  recovery  is  attributed  to  the  remedy  employed  ;  this  drug  is  therefore 
an  efficient  cure  against  bites  from  any  poisonous  snake. 

The  cures  used  by  snake  charmers  fall  into  three  groups  : 

(i)  Snake  stones. 

(ii)  Drugs  and  herbs — the  commonly  used  ones  being  arsenic,  antimony, 

opium,  neem,  snake  root  or  aristolochia. 

(iii)  Incantations,  etc.,  by  mantras,  etc. 

Various  substances  are  employed  as  snake  stones,  one  of  the  commonest  is 
.  burnt  bone.  Some  years  ago  the  monks  in  Manila  used  to  manufacture  these 
stones  and  carry  on  a  very  lucrative  trade  with  India.  Apparently  the  trade 
has  ceased  as  the  stones  are  now  prepared  locally.  In  Gilgit,  Kashmir,  and  the 
Lower  Himalayan  districts,  pumice  and  porous  chalk  are  largely  used.  The 
stone  is  supposed  to  have  been  formed  by  a  markhor  eating  a  snake  by  mistake 
whilst  grazing.  The  saliva  of  the  markhor  mixes  with  the  venom  ot  the  snake, 
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is  neutralized,  and  then  spat  out  as  a  solid  body — the  snake  stone.  This 
magically  formed  stone  is  for  ever  endowed  with  curative  properties.  The  gall 
stones  that  are  occasionally  found  in  animals  and  reptiles  are  highly  prized  by 
charmers  and  used  as  snake  stones.  The  gall  stone  is  usually  stated  by  them 
to  have  been  found  in  the  head  of  a  poisonous  snake.  A  mass  of  some  aromatic 
gum  such  as  benzoin  or  frankincense  is  sometimes  used  instead.  These  stones 
are  applied  to  the  wound  whilst  it  is  bleeding,  and  having  an  absorptive  or  adhesive 
power,  the  stone  is  held  in  position  by  the  blood  clotting.  After  a  few  minutes 
the  blood  contracts  and  the  stone  falls  off  by  its  own  weight.  The  stone  is 
supposed  to  absorb  the  venom  from  the  system  during  this  time.  Snake  charmers 
who  handle  snakes  with  intact  fangs  and  full  venom,  place  no  reliance  on  these 
scones,  but  they  are  used  by  those  who  handle  cobras  from  which  the  venom 
has  been  completely  extracted.  The  stones  are  largely  used  to  impress  the 
onlookers  but  at  the  same  time  are  useful  to  stop  any  haemorrhage  caused 
by  the  solid  teeth. 

The  number  of  herbs,  drugs,  etc.,  used  by  charmers  is  immense.  The 
preparations  consist  of  a  heterogenous  collection  of  herbs  to  which  are 
added  opium,  arsenic,  and  antimony.  The  remedy  is  invariably  a  great  secret, 
having  been  obtained  through  a  Guru  (holy  man)  or  from  some  remote  place, 
or  through  the  agency  of  the  mongoose.  The  herbs  must  be  collected  at  certain 
seasons,  on  certain  days,  and  at  certain  phases  of  the  moon.  In  fact,  every 
obstacle  is  placed  in  the  way  to  prevent  the  patient  obtaining  the  drug  imme¬ 
diately  he  is  bitten — a  useful  measure  to  maintain  the  reputation  of  a  cure — as 
only  persons  who  are  not  likely  to  die  can  ever  hope  to  obtain  it.  The  snake 
charmer  does  not  believe  in  the  full  curative  value  of  his  antidotes  but  assists 
them  with  certain  incantations.  These  consist  of  mantras,  tantras,  and 
jantras.  The  mantras  are  taken  from  the  vedas  and  are  told  to  him  in  secret 
by  some  holy  man — the  couplet  must  be  said  in  a  whisper  so  that  no  one  else 
hears  it,  otherwise  the  force  of  the  mantra  would  be  lost.  The  mantra  is  aided 
by  fixing  the  mind  on  some  sacred  object  (tantra),  e.  g.  a  circle  or  triangle,  and 
by  creating  a  favourable  atmosphere  (j antra)  around  the  person,  by  burning 
incense,  cow-dung,  etc. 


CHAPTER  36 

THE  NATURE  AND  TOXICOLOGICAL  ACTION  OF  VENOMS 

Synopsis  :  I.  The  poison  gland  and  its  venom,  (i)  The  anatomy  and  histology 

of  the  poison  glands,  p.  728  ;  (ii)  The  method  of  collecting  venom,  p.  729  ;  (iii)  The 

amount  of  dried  venom  yielded  by  different  poisonous  snakes,  p.  730  ;  (iv)  The  mechanism 

of  the  bite,  p.  731  ;  (v)  The  amount  of  venom  injected  at  a  bite,  p.  734  ;  (vi)  The 

chemical  study  of  venom,  p.  737. 

II.  The  toxicology  of  venoms,  (i)  The  definition  of  snake  poisoning,  p.  740  ;  (ii)  A 
resume  of  snake  venom  literature,  p.  740  ;  (iii)  The  symptoms  produced  in  man  and  other 
animals,  p.  741  ;  (iv)  The  minimum  and  sub-lethal  dose  of  venom,  p.  742  ;  (v)  The  M.L.D. 
of  cobra  venom  for  man,  p.  743  ;  (vi)  The  physiological  nature  of  the  toxic  substances,  p.  745  ; 
(vii)  The  nature  of  the  digestive  ferments  in  venom,  p.  748. 

I.  THE  POISON  GLAND  AND  ITS  VENOM. 

The  poison  glands  are  situated  behind  the  eyes,  and  lie  in  an  intermuscular 
space  on  either  side  of  the  upper  jaw.  In  the  Proteroglypha,  each  venom  gland 
is  surrounded  by  a  fibrous  capsule,  which  is  separated  from  the  gland  by  a  lym¬ 
phatic  space.  The  masseter  muscle  is  inserted  in  a  peculiar  manner,  the  upper 
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fibres  into  the  posterior  two-thirds  of  the  upper  border  and  outer  surface  of  the 
gland  capsule,  the  lower  fibres  into  the  posterior  part  of  its  inner  surface.  The 
compression  of  the  gland  is  dependent  on  the  proper  fixation  of  the  lower 
jaw,  for  when  these  two  opposing  muscular  bands  contract  they  wring  out 
the  contents  from  the  posterior  two-thirds  of  the  gland  (fig.  312).  In  the 
Viperidae,  the  venom  glands  lie  between  two  strips  of  muscle,  when  these 
contract  they  forcibly  eject  the  whole  of  the  venom  from  the  gland  (fig.  311). 
The  venom  glands  vary  in  shape  and  size,  in  the  Opisthoglypha  they  are  small 
and  badly  developed ;  in  the  Proteroglypha,  e.g.  Naia  tripudians  (the  Common 
Cobra),  they  attain  the  size  of  almonds.  In  the  genera  Hemibungarus  and 
Doliophis  (Indian  coral  snakes)  they  extend  as  far  as  the  anterior  third  of  the 
body  and  displace  the  heart.  A  duct  issues  from  each  venom  gland  and  opens 
on  a  small  papilla,  which  is  situated  at  the  base  of  the  fang. 

The  microscopical  structure  of  the  venom  gland  is  very  similar  to  that  of  the 
salivary  glands  of  larger  animals,  but  differs  in  that  the  lumen  of  the  acini  and 
interlobular  ducts  is  much  larger  and  sac-like  to  allow  for  the  accumulation  of 
venom. 

The  process  of  secretion  of  venom  by  the  acinar  cells  occurs  in  two  stages — 

(i)  Nucleolar  extravasations  through  the  nuclear  membrane,  to  form  preveno- 

gen  granules. 

(ii)  Cytoplasmic  elaboration  of  the  prevenogen  granules  to  form  venogen 
granules. 

The  nucleoli  of  the  acinar  cells  throw  out  numerous  granules  into  the  karyo- 
lymph,  which  migrate  from  the  region  of  the  nucleolus  through  the  nuclear 
membrane  into  the  cytoplasm.  These  prevenogen  granules,  during  their  passage 
to  the  cytoplasm,  stain  with  the  ordinary  nuclear  dyes.  The  cytoplasm  in  the 
immediate  neighbourhood  of  the  nuclear  membrane  is  very  active,  and  converts 
the  prevenogen  granules  into  venogen  granules,  which  no  longer  have  an  affinity 
for  nuclear  stains  but  stain  with  eosin  and  other  cytoplasmic  dyes.  The 
venogen  granules  travel  through  the  cytoplasm  to  reach  the  lumen  of  the  acini, 
and  are  still  further  elaborated,  being  secreted  as  proteids  in  solution,  for 
granules  are  no  longer  visible  in  the  lumen  of  the  acini.  The  chemical  pro¬ 
cesses  that  take  place  are  the  conversion  of  nucleoproteid-like  bodies  into 
secondary  albumoses. 

The  method  employed  for  extracting  the  venom  is  as  follows  :  The  snake 
is  lifted  out  of  the  box  with  a  stick,  and  the  head  pinned  to  the  ground 
with  this  stick  (fig.  308).  At  the  same  time  the  tail  is  fixed  by  the 
operator’s  foot  ;  snake  charmers  usually  grip  the  tail  with  their  toes.  The 
neck  of  the  snake  is  then  seized  behind  the  stick  with  the  left  hand,  the  thumb 
being  on  the  occiput,  and  the  index  finger  compressing  the  lower  jaw  in  order 
to  keep  it  closed  (fig.  309).  The  body  of  the  snake  is  next  fixed  by  the  right 
hand  about  1  to  lj  feet  from  the  head,  with  the  object  of  preventing  the 
snake  coiling  round  any  adjacent  object  ;  for  should  this  occur  the  snake  could 
easily  wriggle  free  and  bite  the  operator. 

When  the  snake  is  properly  secured  a  weighing  lube  covered  with  a  rubber 
diaphragm  is  placed  close  to  its  mouth,  and  the  snake  readily  bites  through  the 
.  rubber.  The  venom  glass  is  pressed  up  against  the  roof  of  the  snake’s  mouth 
and  the  operator  satisfies  himself  that  both  fangs  have  penetrated  the  rubber 
diaphragm  (fig.  310).  When  the  fangs  are  anchored  in  the  rubber  and  not 
until  then,  the  operator  commences  to  squeeze  the  venom  out  of  the  glands 
by  pressure  with  the  thumb  and  forefinger  of  the  now  disengaged  right  hand  ; 
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a  process  technically  known  as  4  milking  ’.  When  the  venom  has  been  squeezed 
out  by  thorough  compression  of  the  glands,  the  sterile  venom  glass  is  iilaced  in 
a  desiccator  over  caustic  potash  until  the  contents  are  dry.  When  quite  dry  the 
venom  is  semi-crystalline,  and  on  tapping  the  venom  glass  it  breaks  away  in 
small  yellow  flakes.  The  rubber  diaphragm  is  removed  and  thrown  away  as 
the  upper  surface  is  fouled  by  bacteria  from  the  mouth.  This  dried  venom  is 
collected  aseptically  in  sterile  glass  test  tubes  ;  if  sealed  and  protected  from 
light  it  keeps  almost  indefinitely. 

The  amount  of  dried  venom  yielded  by  the  different  poisonous  snakes.  The 

quantity  of  venom  obtained  from  a  snake  by  milking  depends  on  many 
factors,  such  as  the  size  and  general  condition  of  the  snake,  whether  it  is  desqua¬ 
mating,  hibernating,  been  long  in  captivity,  or  has  previously  bitten  an 
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Fig.  308.  The  method  employed  for  extracting  venom.  The  head  is  pinned 
down  by  a  stick  and  the  neck  is  gripped  as  shown. 


animal.  All  these  factors  cause  a  marked  diminution  in  the  yield  of  venom. 
The  following  are  the  amounts  of  dried  venom  we  obtained  from  the  different 
poisonous  snakes  of  India. 

Table  III  gives  the  maximum,  mean,  and  minimum  yield  of  dried  venom 
obtained  by  milking  from  the  different  poisonous  snakes  of  India. 

Table  III 


Species  of  snake. 

Minimum 
yield  in  mgm. 

Mean 

yield  in  mgm. 

Maximum 
yield  in  mgm. 

Naia  tripudians  . 

30-2 

317-0 

881-4 

Naia  bungarus 

100-0 

150  approx.* 

195-0 

*  Two  observations. 

Bungarus  candidus  . 

1-2 

8-17 

51-5 

Bungarus  fasciatus  . 

1*2 

64-4 

267-0 

Viper  a  russellii  . 

60-0 

108-0 

145-0 

Ecliis  carinatus  . 

1*2 

18-4 

72-5 

Lachesis  gramineus  . 

4-0 

21-2 

56-0 

Callophis  macclellandii  . 

0-2 

•  • 

6-0 

Two  observations. 
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Calmette  (1908)  stated  :  ‘  I  regularly  weighed  the  dry  residue  from  eleven 
bites  made  on  a  watch  glass  by  two  Naici  hajce  received  at  my  laboratory  from 
Egypt  at  the  same  time  and  placed  in  the  same  case.  Both  snakes  were  approxi¬ 
mately  of  equal  length,  1,070  millimetres.  Throughout  the  entire  course  of  the 
experiment,  which  lasted  102  days,  neither  of  them  took  any  food,  but  drank 
water  and  frequently  bathed.  The  results  I  obtained  are  shown  in  the  table,  see 
page  150.1  This  table  shows  that  for  Naici  hajce  i  the  average  amount  of  dried 
venom  yielded  for  five  bites  was  35  mgm.  and  for  Naia  hajce  ii  was  40  mgm.’ 

We  showed  in  1914  that  the  average  total  yield  of  cobras  (Naia  tripudians) 
of  4  ft.  2  in.  in  length,  kept  in  captivity  for  16  to  31  days,  once  previously 
‘  milked  ’  and  fed  daily  with  milk 
corresponds  to  about  105  mgm.  of 
dried  venom,  i.  e.  the  mean  yield  had 
fallen  from  317  mgm.  to  105  mgm. 
during  a  month’s  captivity.  It  was 
on  this  false  premise,  viz.  that  a  cobra 
only  possessed  about  30-40  mgm.  of 
(dried)  venom,  that  the  treatment 
of  snake  bites  by  serum  was  based. 

The  dose  of  venom  actually  injected 
by  a  given  species  of  snake  must 
form  the  basis  of  our  knowledge  in 
any  attempt  to  find  an  efficient 
antidote.  In  place  of  manufacturing 
antivenenes  of  low  potency  as  is  done 
now  by  the  Indian  Government, 
these  antivenenes  should  be  concen¬ 
trated  to  such  a  strength  that  a 
convenient  sized  dose,  viz.  20-60  c.c., 
is  able  to  neutralize  in  vivo  the  full 
dose  of  venom  given  by  an  adult 
snake  in  natural  surroundings. 

According  to  C.  J.  Martin  Notecliis 
scutatus  (the  tiger  snake)  yields 
about  73  mgm.  ;  Pseudechis  por- 
phyriacus  (the  black  snake)  94  mgm. ; 

MacGarvie  Smith  gives  17-55  mgm. 
for  the  tiger  snake,  and  24-46  for 
the  black  snake.  Calmette  gives 
127  mgm.  of  dried  venom  for  Lachesis 
lanceolatus  (the  fer  de  lance)  ;  19  and  27  mgm.  for  two  Cerastes  (horned  vipers) 
and  105  mgm.  of  dried  venom  for  Crotalus  confluentus  (the  mottled  rattle  snake). 
Flexner  and  Noguchi  state  that  Crotalus  durissus  (the  common  rattle  snake) 
yields  from  179-309  mgm.  of  dried  venom,  and  Ancistrodon  piscivorus  (the 
cotton  mouth  or  water  viper)  125-180  mgm.  Some  of  these  observations  have 
been  made  on  snakes  kept  in  captivity  for  some  time,  or  on  small  numbers,  so 
.that  the  figures  given  for  non-Indian  species  may  require  altering  with  better  and 
more  extended  observations. 

The  mechanism  of  the  bite.  The  manner  in  which  a  poisonous  snake  is 
able  to  inject  venom,  by  means  of  a  bite,  may  at  first  sight  appear  to  be  extremely 
simple.  In  reality,  however,  the  bite  consists  of  a  series  of  complex  muscular 

1  See  reference  4,  on  p.  7G2. 


Fig.  309.  The  body  of  the  snake  is  held  1  to 
li  feet  from  the  head  to  fix  it  and  prevent  the 
snake  wriggling  free. 
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movements  rapidly  following  one  upon  another  in  a  regular  and  orderly  sequence. 
Should  any  one  of  these  movements  not  be  carried  out  accurately  and  synchro¬ 
nously,  the  bite  will  probably  be  devoid  of  any  serious  consequences.  Weir 
Mitchell  recognized  this  fact  many  years  ago  when  he  stated  :  ‘  The  physician 
may  learn  from  this  study  how  he  may  be  deceived  as  to  the  occurrence  of  a 
poisoned  wound,  and  how  the  snake  appearing  to  strike  may  really  fail  in  its  object, 
even  though  seemingly  to  have  inflicted  a  wound.’  For  descriptive  purposes, 
the  series  of  muscular  acts  that  occur  during  a  bite  may  be  classified  as  follows  : 

(i)  The  forward  thrust  of  the  blow. 

(ii)  The  elevation  of  the  fangs. 

(iii)  The  approximation  of  the  fang  to  the  venom  papilla. 

(iv)  The  compression  of  the  venom  glands. 

(i)  The  mechanism  of  the  forward  thrust  of  the  blow.  The  sluggish 
movements  of  vipers,  when  compared  with  the  extreme  rapidity  with  which  they 


Fig.  310.  To  show  the  size  of  the  fangs,  the  snake  has  been  allowed  to 

bite  on  to  a  Petri  dish. 

can  strike,  are  dangerously  deceptive.  The  method  of  attack  of  these  snakes 
and  of  all  non-hooded  snakes  furnishes  a  marked  contrast  to  that  of  the  cobra. 
With  the  latter  every  movement  can  be  anticipated  and  hence  the  facility  with 
which  they  are  handled  by  snake  charmers. 

The  time  of  day  plays  an  important  part  in  the  proper  calculation  of  dis¬ 
tances,  as  all  poisonous  snakes  are  nocturnal  or  semi-nocturnal  in  their  habits. 
Thus  the  cobra  during  the  daytime  rarely  strikes  with  open  mouth,  the  majority 
of  such  strikes  are  4  blind  strikes  ’,  the  snake  misses  its  objective  and  strikes  its 
own  nose  on  the  ground.  In  the  daytime  there  is  but  little  danger  to  the  animal 
attacked.  At  night,  however,  the  cobra  invariably  strikes  with  open  mouth 
and  with  intent  to  grip. 

In  the  case  of  vipers,  kraits,  and  the  king  cobra,  every  strike  is  made  with 
open  mouth  and  with  elevated  fangs.  Owing  to  the  brightness  of  the  light,  the 
distance  is  often  miscalculated  during  the  daytime. 
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(ii)  The  elevation  of  the  fangs.  As  the  blow  is  being  delivered  (e.g.  by 
a  Russell’s  viper),  an  observer  standing  directly  in  front  of  the  snake  only  sees 
the  pink  colour  of  the  mucous  membrane  of  the  mouth.  The  reason  for 
so  wide  an  opening  of  the  jaws  is  that  the  fangs  are  well  curved  backward  and 
covered  by  a  cloak-like  flap  of  mucous  membrane,  the  vagina  dentis.  Simul¬ 
taneously  with  the  forward  thrust  of  the  body  and  the  opening  of  the  jaws,  the 
spheno-  and  parieto-pterygoid  muscles  contract,  and  in  so  doing  draw  the  whole 
of  the  pterygo-transverse  bar  forward.  The  maxilla,  carrying  the  fangs,  is 
rocked  forward  and  upward  by  the  thrust  of  the  pterygo-transverse  bar  ;  and 
the  fangs,  which  are  attached  to  the  inferior  surface  of  the  maxilla,  are  made  to 
project  in  a  forward  direction.  During  the  elevation  of  the  fangs  the  vagina 
dentis  is  cast  off  from  the  convex  aspect  of  this  specialized  tooth,  and  is  gathered 
in  loose  folds  at  its  base,  thus  leaving  the  whole  fang  bare.  Over-elevation  of 
the  maxilla  is  prevented  by  a  check  ligament  arising  from  the  prefrontal  bone. 
If  the  forward  thrust  of  the  pterygo-transverse  bar  is  very  strong,  bending  occurs 
at  the  joint  between  it  and  the  maxilla,  and  the  maxilla  then  can  be  rotated  still 
further  forward  by  movement  at  its  lachrymal  attachment.  The  angle  through 
which  the  maxilla  can  be  rotated  forms  one  of  the  most  important  factors  in  the 
mechanism  of  an  efficient  bite.  Thus  in  the  Viperidie,  the  fangs  are  very  long 
and  curved,  the  maxilla  is  freely  movable,  and  the  fangs  are  brought  well 
forward  and  are  thoroughly  uncovered,  so  that  bites  given  by  these  snakes  are 
rarely  ineffective.  In  the  Colubrides,  the  movement  of  the  maxilla  is  relatively 
insignificant,  but  amongst  hooded  snakes,  e.  g.  the  cobra  and  king  cobra,  this  is 
overcome  by  elevation  of  the  body.  In  the  kraits,  coral  snakes,  and  other 
non-hooded  Colubrides,  there  is  no  elevation  of  the  head,  the  fangs  can  never 
be  thrown  forward  to  the  same  extent  owing  to  the  restricted  movements  of  the 
maxilla,  so  that  bites  by  these  snakes  are  usually  ineffective  unless  these 
reptiles  can  get  a  good  grip  on  the  part  bitten,  e.  g.  on  a  finger  or  toe. 

(iii)  The  approximation  of  the  venom  papilla.  The  venom  duct  starts 
from  the  anterior  surface  of  the  venom  gland  and  runs  along  the  outer  side  of  the 
upper  jaw.  As  it  passes  above  the  fang  it  doubles  upon  itself  and  opens  upon 
a  small  papilla  situated  under  the  vagina  dentis  and  in  front  of  the  fang.  To 
bring  about  an  accurate  approximation  of  the  papilla  with  the  opening  of  the 
poison  canal  at  the  base  of  the  fang  the  maxilla  has  to  be  rocked  well  forward  ; 
otherwise  the  venom  leaks  either  on  to  the  surface  of  the  skin  of  the  bitten  part 
or  into  the  snake’s  mouth,  and  so  no  venom  is  injected.  In  a  few  instances 
during  the  course  of  our  experiments  we  have  noticed  leakage  occurring  at  this 
connexion. 

(iv)  The  compression  of  the  venom  gland.  The  mechanism  by  which 
the  venom  gland  is  compressed  differs  in  the  viperine  and  colubrine  snakes.  In 
the  Viperidae  the  poison  gland  lies  between  two  flat  strips  of  muscle  (fig.  311). 
What  happens  in  these  snakes  is  as  follows  :  As  the  unsheathed  fang  penetrates 
the  skin  a  series  of  muscular  movements  occur  which  are  almost  simultaneous. 
The  body  of  the  snake,  still  resting  in  its  coils,  acts  as  a  fixed  point,  whilst  the  neck 
muscles  violently  contract  upon  the  head,  as  is  shown  if  the  prey  be  a  small 
animal,  for  in  this  case  it  is  dragged  right  back.  This  movement  steadies  the 

.  head  of  the  snake  for  a  moment  and  prevents  the  fangs  being  withdrawn  too 
soon.  At  the  same  instant,  the  external  palatine  and  spheno-pterygoid  muscles 
contract  and  by  their  insertion  into  the  maxilla  drag  it  back,  thus  driving  the 
point  of  the  fangs  more  deeply  into  the  flesh.  The  poison  gland  lying  between 
these  two  muscles  is  squeezed  as  if  in  a  vice.  It  can,  therefore,  be  seen  that  it  is 
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immaterial  on  what  part  of  the  body  the  bite  occurs,  provided  that  projDer 
penetration  of  the  fangs  takes  place. 

In  the  Colubrides,  the  poison  gland  does  not  lie  between  two  strips  of  muscle 
as  in  the  Viperidae,  but  is  surrounded  by  a  lymph  space  and  has  the  superior 
portion  of  the  masseter  inserted  into  its  posterior  and  outer  two-thirds,  whilst 
the  inferior  portion  of  the  same  muscle  is  inserted  into  the  inner  two-thirds  of 
the  gland  (fig.  312).  The  mechanism  of  compression  in  these  snakes  is  as 
follows  :  As  soon  as  the  fangs  have  penetrated,  the  lower  jaw  is  closed  upon  the 
bitten  part  ;  the  upper  portion  of  the  masseter  draws  the  gland  forward  and 
upward,  whilst  the  lower  portion  of  the  same  muscle  draws  it  downward  and 
backward.  The  posterior  two-thirds  of  the  gland  is  thus  wrung  out  as  one 
wrings  out  a  wet  towel  ;  and  so  two-thirds  of  the  gland  contents  are  driven 
forward  into  the  duct.  This  anatomical  difference  accounts  for  the  different 
fractions  of  total  venom  which  are  found  to  be  expressed  from  the  venom  glands 
in  the  Viperidre  and  Colubridre  respectively.  In  the  Viperidae,  the  compression 
of  the  poison  gland  is  stronger  and  more  thorough  than  in  the  Colubridae,  owing 
to  anatomical  differences,  and  so  more  venom  is  compressed  at  a  bite  (Acton  and 
Knowles,  1914).  We  estimated  this  fraction  as  five-sevenths  for  Echis  carinatus 
and  five-eighths  for  Naia  tripudians.  In  the  Colubridae,  we  see  that  the  amount 
of  venom  injected  depends  largely  upon  the  proper  fixation  of  the  lower  jaw  upon 
the  part  bitten.  Thus,  if  the  surface  bitten  be  large  and  flat — e.  g.  bites  on  the 
calf  of  the  leg — the  lower  jaw  cannot  be  efficiently  fixed  so  as  to  form  a  point  on 
which  the  masseter  can  pull  to  wring  out  the  venom  in  the  poison  gland,  and  the 
dose  of  venom  injected  may  therefore  be  small.  On  the  other  hand,  where  the 
jaw  can  be  firmly  fixed,  as  in  bites  on  small  parts,  the  dose  of  venom  given  is 
consequently  large  and  the  chances  of  escape  are  small.  This  is  borne  out  by 
clinical  experience.  Thus  in  bites  from  poisonous  Colubrides,  prognosis  is 
closely  associated  with  proper  fixation  of  the  snake’s  lower  jaw  on  the  bitten 
part,  as  this  determines  the  amount  of  venom  injected.  In  addition  to  such 
causes  of  escape  as  bites  through  clothing,  grazing  impact  of  the  fangs,  etc., 
other  causes  of  an  ineffectual  bite,  when  the  snake  is  a  certainly  lethal  one  and 
in  full  vigour,  are  : — 

(а)  Erratic  strikes  made  during  daylight,  when  distances  are  often  miscalcu¬ 

lated. 

(/3)  Insufficient  elevation  of  the  fangs.  This  usually  occurs  in  non-hooded 
Colubrides  when  attempting  to  bite  a  large  and  flat  surface,  such  as  the 
calf  of  the  leg.  In  the  Viperidae  and  hooded  Colubrides  if  the  animal 
struck  at  is  too  near,  or  if  one  closed  in  upon  the  snake. 

(y)  Leakage  of  the  venom  by  inaccurate  approximation  of  the  duct.  This  is 
closely  correlated  with  insufficient  elevation  of  the  fangs. 

(б)  In  the  case  of  the  Colubridae  only,  improper  fixation  of  the  lower  jaw  upon 

the  part  bitten,,  may  be  due  either  to  the  nature  of  the  part  bitten,  or  to 
sudden  starting  of  the  animal  bitten. 

The  amount  of  venom  injected  at  a  bite.  To  determine  the  ratio  between 
the  dose  of  venom  injected  and  the  interval  to  death,  a  large  series  of  rats  were 
inoculated  with  different  doses  of  venom  commencing  with  OT  mgm.  and  ending 
with  600  mgm.  The  interval  from  inoculation  to  death  was  timed  with  a  stop¬ 
watch  for  each  rat.  The  dose  given  was  expressed  in  terms  of  milligrammes  of 
dried  venom  per  centigramme  weight  of  rat.  From  these  observations  we  were 
able  to  obtain  the  mean  death  time  for  each  mgm.  of  venom  from  1-10  mgm. 
and  for  each  interval  of  10  mgm.  from  10-370  mgm.  From  these  mean  death 
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Fig.  311.  A  dissection  of  the  head  of  a  Russell’s  viper.  1  and  1a,  the  temporo- 
masseter  muscle ;  2,  the  venom  gland;  3,  the  external  palatine  muscle  divided 
to  show  the  gland  which  is  lying  between  it  and  the  spheno-pterygoid  muscle  ; 
4,  the  venom  duct ;  5,  the  fang  and  accessory  fang  covered  by  the  vagina  dentis. 
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Fig.  312.  A  dissection  of  a  cobra's  head.  1  and  1a,  the  temporo-masseter 
muscle;  2,  the  venom  gland  ;  3,  the  venom  duct  ;  4,  the  fang.  Note  the  peculiar 
insertion  of  the  temporo-masseter  muscle. 
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times  we  obtained  the  continuous  curve  given  in  fig.  318.  The  curve  is 
of  the  nature  of  a  rectangular  hyperbola.  A  consideration  of  the  facts 
shows  that  this  must  necessarily  be  the  case.  For  rats  receiving  a  dose  less 
than  the  lethal  dose  will  survive  and  the  curve  at  its  commencement  must  be 
parallel  to  the  vertical  axis.  On  the  other  hand,  no  rat  can  die  sooner  than  when 
a  lethal  dose  of  venom  has  had  time  to  be  absorbed  from  the  subcutaneous  tissues, 
hence  the  curve  at  the  other  end  must  be  parallel  with  the  horizontal  axis. 

The  sub-minimal  lethal  dose  was  estimated  and  found  to  be  OT  mgm. 
per  centigramme  of  rat,  i.  e„  the  maximum  weight  of  venom  given  per  centi¬ 
gramme  of  weight  of  rat  at  which  this  animal  just  survives. 


VENOM  =  MGMS  INJECTED  PER  CENTIGRAMME  OF  RAT  WEIGHT. 

Iig.  313.  Ratio  between  the  dose  of  venom  injected  and  the  interval  to  death. 

The  absorption  time  was  found  to  be  approximately  3  minutes  in  the  rat. 
After  a  dose  of  360  mgm.  was  reached,  it  did  not  matter  how  much  the  amount 
was  increased,  the  rat  failed  to  die  in  less  than  3  minutes. 

The  continuous  curve  in  Chart  I  is  the  experimental  curve  ;  it  is  easy  to 
obtain  a  mathematical  expression  for  this  hyperbola,  which  when  plotted  will 
accurately  fit  the  experimental  curve.  Such  a  curve  is  shown  in  Chart  I  as  the 
dotted  curve  and  is  of  the  form 

(x  —  a)  (y  —  b)  =  k 

x  =  mgm.  of  venom  ;  y  =  time  to  death  in  minutes  ;  a  =  0  1  mgm.,  the  sub- 
lethal  dose  ;  b  =  3  minutes,  the  absorption  time  ;  k  =  constant,  360.  The 
death  time  y  being  given  we  can  readily  find  the  value  of  x,  i.  e.  the  dose 
of  venom  for  any  value  of  y. 

All  we  had  to  do  now  was  to  allow  a  number  of  cobras  recentlv  captured 
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each  to  bite  a  rat,  and  note  the  time  that  each  rat  took  to  die.  From  the  death 
time  obtained  we  could  gain  a  fairly  accurate  estimation  of  the  amount  of  venom 
the  cobra  had  injected  at  a  particular  bite.  The  conclusions  we  arrived  at  were : 

(i)  An  adult  healthy  cobra  can  inject  at  a  good  bite  about  172  mgm. 

(ii)  The  residual  amount  of  venom  left  in  its  glands  after  such  a  bite  is  about 
127  mgm. 

(iii)  From  the  above  it  follows  that  a  cobra  gives  at  its  bite  about  two-thirds 
of  the  total  amount  of  venom  in  its  glands. 

The  chemical  study  of  snake  venoms.  The  different  venoms  vary  considerably 
in  their  physical  characters.  Cobra  venom  is  a  clear  transparent  amber- 
coloured  fluid  of  a  specific  gravity  of  1115,  viscid  in  consistence,  with  a  disagree¬ 
able  taste.  When  dried  in  thin  layers  it  forms  yellowish  scales,  dried  in  bulk 
it  forms  irregular  gum-like  masses.  The  toxicity  of  dried  venom  remains  un¬ 
impaired  for  years  if  kept  dry  and  protected  from  sunlight.  Russell’s  viper 
venom  is  a  clear  orange-coloured  oily  fluid  of  a  specific  gravity  of  1077 ;  when 
dried  it  forms  orange-coloured  scales  or  masses.  The  venom  of  the  common 
krait  when  dried  forms  a  cream-coloured  powder,  whilst  the  dried  venom  of 
the  banded  krait  forms  irregular  yellow  masses.  Lachesis  gramineus  venom 
is  a  pale  emerald-coloured  oily  liquid,  and  when  dried  forms  greenish  yellow 
scales.  According  to  Weir  Mitchell  Crotalus  (rattle  snakes)  venom  is 
similar  to  that  of  Lachesis  in  colour  and  appearance.  The  colour  of  these 
venoms  varies  with  the  condition  of  the  snake  ;  if  the  snake  is  in  good  health 
the  venom  is  clear,  transparent,  and  of  a  deep  colour  ;  during  moulting  or 
hibernation  the  venom  becomes  opaque  and  thicker  owing  to  the  deposition  of 
numerous  small  white  particles  in  the  fluid. 

The  reaction  of  pure  freshly  collected  venom  is  faintly  alkaline,  and  rapidly 
becomes  acid  owing  to  volatile  acids  being  produced  during  decomposition. 

The  thermal  death  point  of  venoms.  Calmette  (1908)  stated  that  the 
venom  of  colubrine  snakes  could  withstand  boiling  for  a  short  time,  but  if  heated 
beyond  100°  C.  the  toxic  power  at  first  diminishes,  and  then  disappears  alto¬ 
gether.  The  toxic  properties  of  viperine  venom  are  destroyed  between  80°  and 
85°  C.  Lamb  and  Martin  (1907)  found  that  perfectly  dried  venom  can  with¬ 
stand  temperatures  above  100°  C.  without  a  diminution  in  toxicity.  The 
previous  work  on  this  subject  was  based  solely  on  the  survival  of  animals  inocu¬ 
lated  with  these  solutions  of  heated  venom,  and  no  estimate  was  made  of  the 
gradual  loss  of  toxicity  that  occurs  with  each  increase  of  5°  C.  By  the  employ¬ 
ment  of  a  dose-death  time  curve  in  rats,  we  were  able  to  calculate  the  percentage 
loss  in  toxicity  that  occurs  when  heating  solutions  of  cobra  and  Russell’s  viper 
venom  at  5°  C.  intervals.  The  heated  venom  solutions  were  injected  into  rats 
and  the  death  time  observed.  From  this  death  time  we  were  able  to  calculate 
the  dose  of  unaltered  venom  which  would  have  killed  the  rat  in  the  same  time. 
The  difference  between  the  death  times  of  the  same  volume  of  heated  and 
unheated  venom  solutions  gave  the  percentage  reduction  in  toxicity. 

Cobra  venom.  The  coagulation  of  proteids  commences  at  65°  C.  and  is 
completed  at  75°  C.  after  5  minutes’  heating.  The  haemolysin  is  completely 
destroyed  after  5  minutes’  heating  at  75°  C.  The  neurotoxin  is  only  completely 
destroyed  after  10  minutes’  boiling  at  100°  C.  as  then  the  injected  animals  sur¬ 
vived.  After  5  minutes’  heating  at  100°  C.  the  animals  still  died,  showing  that 
the  neurotoxin  is  not  completely  destroyed  by  this  degree  of  heat.  The  loss  in 
toxicity  is  a  steady  and  gradual  one,  commencing  at  65°  C.  ;  after  5  minutes 
at  85°  C.  50  per  cent  of  the  toxicity  is  destroyed,  and  destruction  is  only 

tropics  i  3  b 
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completed  after  10  minutes’  boiling.  The  venom  is  therefore  thermostable.  This 
shows  that  the  neurotoxin  cannot  be  a  single  chemical  substance,  e.  g.  an 
albumin,  globulin,  etc.,  for  the  toxicity  would  remain  unimpaired  until  the 
thermal  death  point  of  that  substance  was  reached  and  then  would  suddenly 
be  destroyed.  The  neurotoxin  in  cobra  venom  consists  of  a  series  of  proteids 
with  varying  thermal  death  points. 

Russell’s  viper  venom.  The  coagulation  of  the  proteids  commences  at 
65°  C.,  and  at  this  point  about  50  per  cent  of  the  toxicity  is  lost.  After  5  minutes’ 
heating  at  85°  C.,  survival  of  injected  animals  occurred,  and  after  95°  C.  the 
venom  was  practically  devoid  of  toxic  properties.  Viperine  venom  is  therefore 
less  thermostable  than  cobra  venom,  but  like  the  latter  the  fall  in  toxicity  is 
a  steady  one,  and  nowhere  is  there  a  sudden  drop  to  nil.  The  cytolysin  in  viperine 
venoms  is  also  not  a  single  but  complex  proteid-like  bodies. 

Summary.  Both  colubrine  and  viperine  venoms  contain  toxic  substances, 
which  are  soluble  in  water  and  saline  solutions  ;  on  heating  they  lose  their 
toxicity,  but  they  are  fairly  thermostable.  After  5  minutes  at  65°  C.  the  albu¬ 
mins  and  globulins  are  coagulated,  and  the  filtrate  still  retains  much  of  its 
toxicit}u  The  toxic  elements  in  both  venoms  therefore  consist  partly  of  coagu- 
lable  and  partly  of  non-coagulable  proteids. 

Chemical  analysis  of  venoms.  All  venoms  in  solution  give  the  chemical 
reactions  characteristic  of  proteids,  i.  e.  Millons,  xanthoproteic,  and  biuret 
reactions.  They  are  precipitated  by  alcohol,  5  per  cent  copper  sulphate,  and 
on  saturation  with  NaCl,  MgS04  and  (NH4)2  S04.  Colubrine  venom  passes 
slowly  through  vegetable  membranes  during  dialysis  and  with  great  difficulty 
through  animal  parchment.  Viperine  venom  dialyses  better  (Lamb  and  Martin). 
Filtration  through  a  Chamberland  F.  bougie  does  not  alter  colubrine,  but 
diminishes  the  toxicity  of  viperine  venom  by  half.  C.  J.  Martin  has  succeeded 
in  separating  from  the  venom  of  an  Australian  Pseudechis,  a  non-diffusible 
albuminoid,  coagulating  at  85°  C.  and  producing  haemorrhages,  and  a  diffusible 
non-coagulating  albuminoid  causing  respiratory  failure. 

Cobra  venom.  In  our  experiments  the  venom  solution  was  heated  to  75°  C. 
for  5  minutes;  this  precipitated  all  the  proteids  (coagulable)  and  the  filtrate  was 
cleared  by  filtration  through  a  coarse  Berkefeld  filter.  The  filtrate  now  consisted 
of  non-coagulable  proteids  (proteosis  and  proteolytic  enzymes).  The  enzymes 
were  precipitated  by  calcium  phosphate  from  the  filtrate.  This  filtrate  freed 
from  enzymes  was  next  saturated  with  NaCl  to  separate  the  primary  from  the 
secondary  albumoses.  An  analysis  of  the  toxicity  of  the  different  filtrates  gave 
the  following  results  : 

(i)  Coagulable  proteids,  coagulating  at  65-75°  C.,  contain  about  38  per  cent 
of  the  toxicity  of  whole  venom  and  include  the  haemolysins  and  anti- 
coagulin. 

(ii)  Enzymes  (proteolytic  ferments)  contain  about  12  per  cent  of  the  toxicity 
of  whole  venom,  and  are  of  the  nature  of  kinases. 

(iii)  Non-coagulable  proteids  (albumoses)  contain  about  50  per  cent  of  the 
toxicity  of  whole  venom,  and  most  of  this  toxicity  resides  in  the  primary 
albumoses.  The  neurotoxin  is  therefore  one  of  these  albumoses,  likewise 
the  stimulin. 

Russell’s  viper  venom  was  treated  in  a  similar  way;  the  results  obtained 
were  as  follows  : 

(i)  Coagulable  proteids  coagulating  at  65°  C.  (5  minutes)  contain  about  74  per 
cent  of  the  toxicity  of  the  whole  venom,  and  include  the  haemorrhagin. 
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(ii)  Enzymes  (proteolytic  ferments)  contain  about  3  per  cent  of  the  toxicity 
of  the  whole  venom  and  are  of  the  nature  of  kinases. 

(iii)  Non-coagulable  proteids  (proteoses)  contain  about  23  per  cent  of  the 
toxicity  of  whole  venom,  and  the  toxicity  is  due  to  the  mixture  of  primary 
and  secondary  albumoses.  The  cytolysins,  thrombase,  and  the  cardiac 
depressor  are  in  this  group  of  proteoses. 

The  relative  toxicity  of  the  coagulable  to  non-coagulable  proteids  of  viperine 
venom  is  exactly  the  reverse  of  cobra  venom.  The  enzyme  residue  in  viper 
venom  also  showed  a  very  low  toxicity,  i.  e.  3  per  cent  of  the  original  toxicity. 
The  enzymes  of  viperine  venom  are  more  active  than  colubrine  enzymes,  but 
they  are  more  readily  destroyed  by  heat.  The  non-coagulable  proteids  freed 
from  enzymes  showed  only  a  toxicity  of  23  per  cent  as  compared  with  50  j:>er  cent 
for  cobra  venom. 

Many  chemical  substances  destroy  venom  and  several  of  them  are  utilized 
as  local  remedies,  as  they  are  capable  of  destroying  the  venom  that  has  not 
been  absorbed  into  the  circulation.  The  most  important  are  : 

1  per  cent  solution  of  gold  chloride  (Calmette)  ; 

1  per  cent  solution  of  potassium  permanganate  (Lacerda)  ; 

1  in  12  chloride  of  lime  solution  diluted  5  or  6  times  at  the  moment  of  injection 
(Calmette)  ; 

1  per  cent  solution  of  chromic  acid  (Kaufmann)  ; 

1  per  cent  solution  of  iodine  trichloride  (Calmette)  ; 

Saturated  bromine  water  (Calmette). 

All  these  chemicals  also  destroy  enzymes  and  microbic  toxins.  The  venoms, 
although  more  resistant  to  heat,  behave  very  similarly.  Moreover,  like  all 
normal  digestive  gland  juices,  they  possess  very  active  ferments  which  complicate 
their  toxicological  action  to  a  great  extent. 

The  chemical  nature  of  the  toxic  elements  in  venom.  Venom  is  merely  a 
specialized  salivary  secretion  and  in  venomous  snakes  has  a  double  function. 
The  toxic  elements  aid  the  snake  in  killing  its  prey,  whilst  the  enzymes,  which 
are  kinases  in  nature,  prepare  the  body  of  the  animal  for  peptic  and  pancreatic 
digestion.  The  role  and  activators  of  these  ferments  will  be  more  fully  considered 
later.  In  Nature  there  is  no  more  striking  example  of  digestive  activity  than 
that  which  occurs  in  snakes.  The  Ophidia  swallow  their  prey  whole,  yet  only 
the  hair  and  nails  of  the  ingested  animal  can  be  recovered  from  the  faeces. 
Furthermore,  a  non-poisonous  snake,  e.  g.  a  python,  covers  the  whole  body  of  its 
prey  with  saliva  before  swallowing  it  ;  this  is  not  done  solely  to  aid  deglutition, 
as  profuse  salivation  occurs  when  both  large  and  small  animals  are  being 
engulfed.  A  histological  study  of  the  venom  gland  shows  that  venom  is  formed 
like  any  other  enzyme  secretion.  The  prevenogen  granules  are  formed  from 
the  nucleolus  by  a  discharge  of  nucleolar  fragments ;  these  migrate  through  the 
nuclear  membrane  into  the  cytoplasm.  At  this  stage  the  toxic  elements  of 
venom  (prevenogen  granules)  are  nucleo-proteid-like  substances.  The  preveno¬ 
gen  granules  are  further  altered  into  venogen  granules  by  the  cytoplasm,  and 
finally  discharged  into  the  lumen  of  the  acini  as  soluble,  coagulable,  and  non- 
coagulable  proteids.  The  toxic  elements  therefore  contain  a  whole  series  of 
chemical  bodies  ranging  from  nucleo-proteid-like  substances  down  to  secondary 
albumoses.  In  colubrine  venom  the  neurotoxins  are  contained  chiefly  in  the 
albumoses,  are  more  readily  absorbed  into  the  circulation  and  are  largely 
responsible  for  the  death  of  the  animal.  In  the  case  of  viperine  venoms  it  is 
probable  that  the  process  of  venom  elaboration  is  not  carried  out  so  completely 
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as  in  colubrine  venoms.  Hence  viperine  venoms  are  more  thermolabile  and 
more  readily  destroyed  by  chemical  substances;  the  toxic  substances  (haemo- 
rrhagin  and  thrombase)  are  destroyed  with  the  coagulated  proteids.  Nucleo- 
proteids  possess  a  thrombotic  action  when  injected  into  the  blood  stream. 

II.  THE  TOXICOLOGY  OF  VENOMS. 

Definition.  Ophidismus  or  snake  poisoning  is  the  train  of  symptoms 
observed  after  the  venom  of  certain  species  of  snakes  is  injected  into  the  tissues 
of  the  victim.  The  symptoms  vary  from  a  fatal  issue  to  trivial  effects,  and  can 
be  classified  into  two  main  groups- — those  due  to 

(a)  Colubrine  snakes.  Death  from  motor  paralysis  and  respiratory  failure. 
The  cardio-vascular  centre  is  stimulated,  and  not  affected  until  breathing 
becomes  fast  and  shallow  and  asphyxia  supervenes. 

(/3)  Viperine  snakes.  The  local  symptoms  are  marked  at  the  site  of  inoculation 
viz.  pain,  oozing,  thrombosis,  followed  by  gangrene.  Death  occurs  in 
one  of  the  following  ways  : 

(i)  Immediately  from  intravascular  thrombosis,  if  the  venom  is 
injected  into  a  vein,  or  large  doses  are  given. 

(ii)  In  a  few  hours  from  cardiac  failure  due  to  vasomotor  paralysis. 

(iii)  In  a  few  days  from  secondary  haemorrhages  as  the  result  of  a 
lytic  action  on  the  endothelial  cells  of  the  finer  capillaries. 

(iv)  From  secondary  septic  infection  of  the  necrotic  area  at  the  site 
of  the  bite. 

Historical.  Francesco  Redi  in  1680  published  his  investigations  on  the 
nature  of  the  venom  of  the  viper.  Previous  to  his  time  the  grossest  ignorance 
prevailed  not  only  regarding  the  nature  of  the  poison  but  even  as  to  the  organ 
by  which  the  snake  inflicted  its  deadly  injuries.  It  is  true  that  Redi  did  little 
more  than  correct  the  principal  fallacies  that  prevailed,  but  he  was  the  first  who 
stimulated  inquiry  and  collected  the  crude  material  which  Fontana,  a  century 
later,  moulded  into  something  like  definite  shape.  In  1702  Richard  Mead, 
physician  to  King  George  II,  published  an  essay  on  snakes  and  thought  that 
the  poison  acted  directly  on  the  nervous  system  and  not  through  the  blood. 
We  therefore  find  no  mention  of  the  use  of  a  ligature,  but  he  strongly  recom¬ 
mends  Axungia  viperince  or  viper  fat  as  a  cure.  An  elaborate  work  appeared 
in  1776  by  Felix  Fontana,  naturalist  to  the  Grand  Duke  of  Tuscany,  setting 
forth  the  results  of  his  numerous  experiments.  He  described  the  poison  gland 
and  fangs  and  recommended  the  use  of  the  ligature  which  had  been  employed 
previously  by  Kempfer.  The  subject  of  snake  poisoning  attracted  the  attention 
of  Dr.  Patrick  Russell,  and  in  1796  he  published  a  book  on  the  subject  under 
the  Court  of  Directors  of  the  East  India  Company,  which  contained  drawings 
and  descriptions  of  several  snakes — venomous  and  non-venomous.  The  famous 
Tanj  ore  pill  was  brought  to  the  notice  of  the  public,  but  Russell  did  not  place 
much  faith  in  it  himself.  The  knowledge  possessed  by  the  members  of  his 
profession  on  snakes  and  snake  poisoning  did  not  favourably  impress  him,  for 
lie  writes  :  ‘  It  was  a  matter  of  surprise,  as  well  as  of  regret,  to  find  so  little 
known  on  the  medical  history  of  serpents  in  a  country  where  much  might  have 
been  reasonably  expected.’ 

As  early  as  1843  Louis  Bonaparte  pointed  out  that  in  the  venom  of  the 
Vipera  berus  the  important  principle  is  a  proteid  substance  named  by  him 
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Viperin  or  Echidnin,  and  which  he  compared  to  the  digestive  ferments.  In 
1872  Fayrer  and  Brunton  published  a  valuable  series  of  papers  before  the 
Royal  Society  on  the  physiological  action  of  snake  venoms.  About  this  time 
Weir  Mitchell  of  Philadelphia  also  published  an  elaborate  essay  on  the  venom 
of  the  rattle  snake.  Professor  de  Lacerda  in  1881  recommended  the  injection 
of  a  1  per  cent  solution  of  potassium  permanganate  into  the  site  of  the  bite. 
Sewall  in  1887  showed  that  pigeons  could  be  made  immune  by  graduated  doses 
of  crotalus  venom,  and  in  the  same  year  Ivaufmann  obtained  the  same  results 
with  the  venom  of  French  vipers.  In  1892  Calmette  at  Saigon,  working  on 
cobra  venom,  was  able  to  produce  the  same  immunity  and  recognized  the 
practical  utility  of  antivenenes  in  snake  venom  therapy.  Since  then  numerous 
papers  have  appeared,  but  the  outstanding  works  are  those  by  C.  J.  Martin  (1895) 
on  the  physiological  action  of  the  venom  of  the  Australian  black  snake  ;  Lamb 
(1904)  on  the  specified^  of  antivenomous  sera  ;  and  Flexner  and  Noguchi  (1902) 
on  the  haemolysins  and  cytolysins. 

SYMPTOMS  PRODUCED  IN  MAN  AND  OTHER  ANIMALS. 

(1)  In  the  case  of  colubrine  bites. 

(a)  Local  symptoms.  Burning  pain  which  soon  passes  off  and  is  followed 

by  local  numbness,  which  tends  to  spread  up  the  limb.  CEdema  at 
the  site  of  the  bite  is  often  marked.  Local  paresis.  On  incising 
into  the  site,  the  tissues  only  show  local  oedema  and  congestion. 

(b)  General  symptoms.  In  order  of  appearance  :  Ptosis  ;  staggering 
gait  ;  inco-ordination  of  speech  ;  paresis  of  the  extremities  ;  falling 
of  the  head  ;  complete  paralysis  of  all  the  voluntary  muscles  ;  breath¬ 
ing  at  first  deep  and  regular  whilst  the  intercostals  are  not  paralysed, 
becomes  shallow,  rapid,  and  diaphragmatic  in  type.  Asphyxia! 
symptoms  now  supervene.  The  tongue  is  swollen  and  there  is 
profuse  salivation.  After  a  few  convulsive  seizures,  accompanied  by 
vomiting  and  involuntary  passing  of  urine  and  faeces,  breathing 
stops.  The  pupils  remain  active  to  light  to  the  end,  and  only  dilate 
with  the  asphyxia.  The  heart  may  continue  to  beat  for  a  consider¬ 
able  time  after  breathing  has  ceased.  In  krait  poisoning  there  are 
no  convulsions. 

(2)  In  the  case  of  viperine  bites. 

(a)  Local  symptoms.  Great  and  persistent  pain  ;  constant  and  inces¬ 
sant  oozing  of  haemolysed  blood  from  the  punctures.  This  is  the 
most  characteristic  of  all  local  symptoms.  On  incising  into  the 
tissues  at  the  site  of  the  bite,  clotting,  haemolysis,  etc.,  are  seen, 
producing  a  red-currant  jelly  appearance  of  the  tissues. 

(b)  General  symptoms,  These  depend  on  whether  the  dose  is  given 
intravenously  or  subcutaneously.  Death  takes  place  within  a  few 
minutes  from  intravascular  thrombosis  if  the  venom  is  injected  into 
a  vein.  This  occurs  very  frequently  in  small  animals,  rarely  in  man. 
If  the  venom  is  injected  subcutaneously,  symptoms  depend  on  the 
dose  of  venom  inoculated  and  the  character  of  the  venom.  Large 
doses  cause  death  within  a  few  hours  from  cardiac  failure  due  to 
a  vasomotor  paralysis.  Smaller  doses  cause  death  within  a  few  days 
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from  multiple  haemorrhages  followed  by  cardiac  failure.  Epistaxis 
is  frequently  seen.  Petechise  are  often  extensive.  Haematuria 
always  and  melaena  sometimes  may  be  met  with,  also  purpura, 
subconjunctival  haemorrhages  and  haemoptysis.  If  the  venom  is 
locked  up  at  the  site  of  inoculation,  extensive  local  gangrene  occurs, 
and  may  be  complicated  by  secondary  bacterial  infection  and  all  its 
sequelae.  The  viperine  venoms  differ  slightly  in  their  effects,  thus 
Russell’s  viper  venom  causes  death  more  commonly  by  vasomotor 
paralysis  or  by  the  extensive  gangrene  produced  locally  ;  Echis 
venom  by  multiple  haemorrhages.  The  difference  in  symptoms 
depends  on  the  amount  of  cytolysins,  thrombase,  and  haemorrhagins 
present  in  the  particular  viperine  venom. 

The  minimum  lethal  dose.  The  toxicity  of  venom  varies  with  the  species  of 
snake,  and  a  given  venom  varies  in  toxicity  for  different  animals.  Calmette 
(1892)  pointed  out  that  the  intravenous  M.L.D.  of  cobra  venom  for  the  rabbit 
is  so  small  that  it  is  difficult  to  measure  with  accuracy.  The  subcutaneous 
M.L.D.  is  the  important  dose  that  is  required  for  purposes  of  comparison,  as 
bites  from  poisonous  snakes  are  always  subcutaneous.  The  phrase  minimum 
lethal  dose  is  defined  as  the  smallest  dose  of  venom  which  will  certainly  and 
without  fail  kill  the  animal.  In  other  words,  it  is  the  minimum  certain  lethal 
dose  which  we  are  concerned  with.  This  point  is  of  importance  in  viperine 
venoms,  as  owing  to  thrombotic  effect,  a  series  of  doses  may  be  obtained  after 
which  death  or  survivals  may  occur  equally.  The  entire  series  of  data  collected 
by  investigators,  who  have  worked  at  this  point,  may  be  summed  up  in  the 
table  on  p.  743. 

The  figures  given  above  must  be  regarded  as  determining  the  minimum 
lethal  dose  of  the  different  venoms  only  in  a  purely  comparative  way.  They 
are  useful  data  to  know  when  experimenting  with  venoms.  The  differences  in 
toxicity  are  often  considerable  in  the  venoms  of  different  snakes  of  the  same 
species,  or  in  the  venom  collected  at  different  times  from  the  same  snake.  The 
venom  is  much  more  toxic  after  moulting  or  a  prolonged  fast,  and  loses  a  great 
deal  of  its  toxicity  after  a  meal  or  during  moulting.  Phisalix  noted  as  regards 
the  vipers  found  in  France  that  those  from  the  Jura  produce  in  the  spring  a 
venom  almost  devoid  of  local  effects,  whilst  vipers  from  the  vicinity  of  Clermont- 
Ferrand,  though  less  toxic,  produce  much  more  serious  local  thrombosis  and 
swelling. 

The  sublethal  dose.  The  factor  of  the  sublethal  dose  is  important  in  calcu¬ 
lating  the  number  of  e.c.  of  antivenene  that  are  required  to  save  life  after  a  given 
dose  of  venom.  In  1913  Acton  and  Knowles  pointed  out  the  inaccuracy  of  the 
present  method  of  standardizing  antivenenes.  For  example,  if  a  rabbit  just 
survives  the  intravenous  inoculation  of  a  mixture  of  1  mgm.  of  cobra  venom 
with  1  e.c.  of  antivenene,  then  this  serum  is  not  up  to  the  strength  of  1  e.c.  = 
1  mgm.,  because  the  intravenous  dose  of  cobra  venom  that  the  animal  can 
naturally  withstand  must  be  deducted  from  the  dose  injected.  The  intravenous 
sublethal  dose  for  the  rabbit  is  approximately  0-15  mgm.  Hence  1  c.c.  of 
antivenene  has  neutralized  in  vitro  not  1  mgm.  but  1  —  015=0-85  mgm.  of 
venom. 

The  sublethal  doses  of  cobra  and  daboia  venoms  for  the  different  mammals 
are  given  in  Table  V.  The  sublethal  dose  is  taken  as  just  less  than  the  M.L.D. 
for  the  animal.  The  dose  is  expressed  as  mgm.  for  the  standard  weight  of  the 
animal,  and  not  as  mgm.  per  kg.  of  body  weight. 
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Table  IV.  Minimum  Lethal  Doses  for  various  Species  of  Snakes  in  mgm. 


Colubrid^e  : 

Naia  tripudians  (the  com¬ 
mon  cobra  . 

Naia  bungarus  (the  king 
cobra)  . 

Bungarus  candidus  (the 
common  krait 

Bungarus  fasciatus  (the 
banded  krait) 

Naia  hajce  (the  Egyptian 
cobra)  .  .  . 

Notechis  scutatus  (the  tiger 
snake  .... 

Enhydrina  valakadien  (sea 
snake)  .... 

Enhydris  curtus  (sea  snake) 

ViperiDjE  : 

Viper  a  berus  (the  adder) 

Vipera  russellii  (Russell’s 
viper)  .... 

Lachesis  lanceolatus  (Fer  de 
lance)  .... 

Lachesis  mutus  (Surucucu). 

Lachesis  neuwiedii  (Urutu) 

Lachesis  gramineus  (the 
green  pit  viper) 

Crotalus  adamanteus  (the 
Californian  rattle  snake). 

Ancistrodon  contortrix 

Echis  carinatus  (the  Efa)  . 

Lachesis  flavoviridis  . 


Horse. 

Monkey 

2-4  kilos. 

Dog 

1*5  kilos. 

Rabbit 

1,600  grm. 

Guinea-pig 
600  grm. 

Rat 

150  grm. 

Mouse 

25  grm. 

Frog  • 

30  grm. 

25-0 

2-4 

1-6 

0-4 

0*2 

0*12 

0-003 

0-3 

•  • 

1-8 

•  • 

•  • 

•  • 

0-05 

• . 

•  • 

0-15 

■  *  • 

0-16 

0-6 

0-20 

•  • 

0-5 

1-5 

•  • 

•  - 

0-10 

•  • 

•  • 

•  • 

•  • 

8*0 

•  • 

•  • 

0-6 

0-9 

•  • 

•  • 

•  • 

•  • 

•  • 

6-0 

•  • 

•  • 

•  • 

« • 

40-0 

.  • 

. . 

7-5 

•  • 

■  » • 

1-0 

0-25 

•  • 

.. 

20-0 

•  . 

•  • 

,  . 

20-0 

•  • 

20-0 

•  • 

•  • 

16-0 

•  • 

•  • 

0-5 

•  • 

•  • 

•  • 

>  • 

15-0 

•  • 

•  • 

0-5 

•  • 

•  . 

.  # 

1-0 

#  # 

•  • 

•  • 

•  • 

7-0 

#  # 

Table  V 


The  Sublethal  Doses  of  Cobra  and  Daboia  Venom  for  Different  Animals 


Cobra  venom 

Russell's  viper  venom 

Animal. 

(mgm.). 

(mgm.). 

Subcut.  Iniraven. 

Subcut.  Intraven. 

Rat  .... 

0-10 

0-20 

Rabbit  .... 

0-35  0-15 

3  to  10  0-27 

Monkey  ( Macacus  rhesus) 

2-2  . .  1 

6 

Man  .... 

13-6 

40 

Remarks. 


See  the  estimation 
the  sub  M.L.D. 


of 


The  M.L.D.  of  cobra  venom  for  man.  The  estimation  of  the  M.L.D.  for  man 

is  rendered  possible  by  a  study  of  the  fatal  cases  of  cobra  bite  given  in  the  litera¬ 
ture  in  which  no  treatment — or  only  such  treatment  as  can  definitely  be  said  to 
be  valueless — was  administered.  We  extracted  48  fatal  and  untreated  cases, 
in  all  of  which  the  biting  snake  had  been  identified  as  a  cobra,  or  where  the 
symptoms  had  clearly  shown  that  it  was  a  cobra.  In  one  ease  recorded  by 
Fayrer,  death  occurred  within  15  minutes  of  the  bite  ;  the  patient  was  a  small 
child  of  nine.  In  another  case  a  small  boy  died  within  15-20  minutes  of  the 
bite.  In  a  third  case  an  adult  on  leaving  his  house  was  bitten  by  a  cobra  :  he 

came  back  at  once.  Insensibility  set  in  within  ten  minutes  and  he  died  within 

■ 
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15  minutes  of  re-entering  the  house.  In  two  other  cases  death  occurred  within 
half  an  hour.  We  may  take  it  that,  for  an  adult,  about  20  minutes  is  about 
the  shortest  period  in  which  death  can  occur  after  a  bite  from  a  cobra,  whilst  the 
longest  death  period  recorded  is  30  hours. 

The  total  venom  yields  of  cobras  vary  from  a  minimum  of  30  mgm.  to 
a  maximum  of  881  mgm. ;  as  the  dose  given  at  a  bite  is  approximately  two-thirds 
of  the  venom  yield,  this  will  correspond  to  a  variation  of  20  to  587  mgm.  given 
at  a  bite  ;  and  the  corresponding  death  times  for  these  doses  are  30  minutes 
and  1,800  minutes,  or  30  hours. 

Madsen  and  Noguchi  (1907)  showed  that  for  guinea-pigs  receiving  doses  of 
cobra  venom  subcutaneously,  a  relationship  holds  between  the  dose  given  and  the 
time  taken  to  death,  and  can  be  plotted  in  the  form  of  an  asymptotic  curve. 
Different  workers  experimenting  with  other  animals — rats,  monkeys,  &c. — have 
obtained  identical  findings  which  confirm  the  truth  of  this  asymptotic  relation¬ 
ship  for  mammals  in  general.  Acton  and  Knowles  (1914)  have  shown  that  the 
absorption  time  for  the  rat  is  3  minutes,  and  for  the  monkey  7  minutes.  For 
man  the  absorption  time  may  be  taken  as  10  minutes.  In  Fayrer’s  case  insensi¬ 
bility  occurred  within  10  minutes  ;  Calmette  also  records  a  case  of  cobra  bite 
where  symptoms  came  on  at  once.  The  absorption  time  cannot  be  more  as 
death  in  man  can  occur  within  20-30  minutes,  nor  can  it  be  much  less,  as  the 
corresponding  period  for  the  monkey  is  7  minutes. 

The  minimum  dose  (20  mgm.)  corresponds  with  the  maximum  death  time 
(30  hours),  1,800  minutes.  We  have  therefore 

(20 -a)  (1,800- 10)  =K. 

The  maximum  dose  (587  mgm.)  corresponds  with  the  minimum  death  time, 
30  minutes.  We  have  therefore 

(587  -a)  (30  — 10)  =  K. 

To  eliminate  K,  which  at  present  is  unknown,  as  both  equations  =  K.  Hence 
(20  —  a)  (1,800  — 10)  =  (587  —a)  (20-10) 

therefore  a  —  13-6  mgm.  (subminimum  lethal  dose). 

The  dose  of  cobra  venom  that  just  fails  to  kill  a  man  of  standard  weight  is 
therefore  about  13-6  mgm.  of  dried  venom.  An  increase  of  1  or  2  mgm. 
will  give  the  M.L.D.  of  cobra  venom  for  man,  which  is  approximately 
15  mgm.  Calmette  and  Lamb  considered  that  about  15  mgm.  was  the  M.L.D. 
of  cobra  venom  for  man.  This  also  confirms  our  view  that  the  absorption 
period  for  man  is  about  10  minutes.  The  value  of  K  in  the  above  equation 
is  therefore  11,400  and  by  it  we  can  find  the  ajDproximate  doses  of  venom 
given  in  Fayrer’s  48  cases.  These  are  shown  in  the  last  column  of  the  following 
table  (see  p.  745). 

The  majority  of  the  doses  given  in  actual  cases  of  cobra  bite  in  man  are 
therefore  well  below  the  mean  value  of  a  good  bite,  i.  e.  211  mgm.  This  is  due 
to  the  introduction  in  nature  of  many  factors  (due  to  the  animal)  which  are 
absent  from  our  experiments. 

The  M.L.D.  of  different  venoms  for  man.  The  M.L.D.  of  dried  cobra  venom 
for  man  was  found  to  be  about  15  mgm.,  assuming  that  the  relative  toxicities  of 
the  different  venoms  for  the  monkey  hold  good  for  man,  it  is  a  matter  of  simple 
multiplication  to  determine  the  M.L.D. s  of  the  other  venoms  for  man.  This 
has  been  done  and  given  in  column  5  of  Table  VII. 
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Table  VI 


The  Death  Time  of  48  cases  of  Cobra  Bite  from  Fayrer’s  Statistics 


! 


Period  within  which 

Approximate  dose  of  vet 

of  cases. 

death  occurred. 

given  (mgm.). 

5 

1 

i 

hour  or  less 

578  mgm.  or  more 

5 

X 

to 

1  hour 

578 

to 

242 

mgm. 

7 

1 

55 

2  hours 

242 

55 

117 

55 

9 

2 

55 

3 

55 

117 

55 

73 

55 

2 

3 

55 

6 

55 

73 

55 

46 

55 

6 

6 

55 

9 

55 

46 

55 

35 

55 

7 

9 

55 

12 

55 

35 

55 

30 

55 

1 

12 

55 

15 

55 

30 

55 

26 

55 

2 

15 

55 

18 

55 

26 

55 

24 

55 

0 

18 

55 

21 

55 

24 

55 

23 

55 

2 

21 

5  5 

24 

55 

23 

55 

22 

55 

over 

24 

55 

22 

55 

15 

55 

Table  VII 


Snake. 

1. 

Approx,  dose 
given  at  a  bite. 

mgm. 

2. 

M.L.D.  Mon¬ 
key. 

mgm. 

3. 

M.L.D.  Rat. 

mgm. 

4. 

Relative  toxicity 
for  the  monkey. 

5. 

Estimated  fatal 
dose  for  man . 

mgm. 

Naia  tripudians  (cobra) 

211-3 

2-4 

0-12 

1-0 

15-0 

Naia  bungarus  (king  cobra) 

100-0 

1-8 

0-05 

1-3 

12-0 

B.  Candidas  (common  krait) 

5-4 

0-15 

0-20 

16-0 

1-0 

B.  fasciatus  (banded  krait) 

42-9 

1-5 

0-1 

1-6 

10-0 

V .  russellii  (Russell’s  viper) 

72-0 

7-5 

2-5 

0-32 

42-0 

E.  carinatus  (phoosa) 

12-3 

0-5 

1-0 

4-8 

5-0 

L.  gramineus  (green  pit 

viper) 

14-1 

16-0 

0-5 

0-15 

100-0 

These  values  of  the  estimated  fatal  dose  (column  5)  should  be  compared  with 
the  approximate  mean  dose  given  at  a  bite  (column  1).  The  cobra  and  Hama¬ 
dryad  are  able  to  give,  at  a  good  bite,  10  or  over  10  lethal  doses;  but  under 
natural  conditions,  Fayrer’s  statistics  gives  the  mean  at  about  80  mgm.  or 
5  fatal  doses.  The  common  and  banded  krait  give  under  experimental  condi¬ 
tions  5  lethal  doses,  the  Russell’s  viper  and  Echis  about  2.  The  maximum 
dose  given  by  the  green  pit  viper  is  37  mgm.,  which  is  only  about  a  third  of  the 
certain  lethal  dose  for  man.  With  all  these  snakes,  especially  with  the  Russell’s 
viper  and  Echis  there  is  a  considerable  chance  that  a  non-lethal  dose  may  be  given. 

THE  PHYSIOLOGICAL  NATURE  OF  THE  TOXIC  SUBSTANCES  IN  VENOM. 

From  a  chemical  study  of  the  venoms  we  saw  that  the  toxic  element  of  cobra 
venom  resided  mainly  in  the  albumoses  and  was  thermostable.  This  substance 
is  called  ‘  the  neurotoxin  ’.  The  toxic  element  of  Russell’s  viper  venom  resides 
mainly  in  the  coagulable  proteids  and  is  thermolabile.  This  substance  is  spoken 
of  as  ‘  the  haemorrhagin  ’.  Flexner  and  Noguchi  showed  that  if  cobra  venom 
was  heated  to  75°  C.  and  0T  mgm.  injected  subdurally,  the  convulsive  and 
paralytic  effects  were  immediate  but  that  the  dose  required  to  kill  when  given 
subdurally  was  the  same  as  the  intraperitoneal  or  subcutaneous  dose.  On  the 
other  hand  if  crotalus  venom  was  heated  for  J  hour  at  75°  C.  and  0-5  mgm. 
inoculated  subdurally,  only  transitory  and  non-lethal  effects  were  produced, 
therefore  the  venom  contained  very  little  neurotoxin.  If  fresh  crotalus  venom 
be  used,  0  05  of  a  mgm.  is  sufficient  to  cause  death  in  3  hours  (subdural  inocu¬ 
lation)  by  severe  haemorrhagic  lesions  in  the  brain.  This  subdural  dose  is 
twenty  times  as  small  as  the  subcutaneous  M.L.D.  Thus  the  active  principle 
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‘  hsemorrhagin  5  in  crotalus  venom  is  thermolabile  and  causes  death  by  produc¬ 
ing  interstitial  haemorrhages.  Besides  the  haemorrhagin  there  is  another  sub¬ 
stance  in  viperine  venoms  called  ‘thrombase’,  which  only  operates  systematically 
when  the  venom  is  injected  intravenously,  or  in  large  doses  subcutaneously. 

Neurotoxin.  The  amount  of  neurotoxin  in  the  venom  varies  consider¬ 
ably  in  the  different  genera  of  snakes.  The  venom  of  the  Proteroglypha 
(poisonous  colubrines)  in  general  is  characterized  by  the  constant  predominance 
of  this  neurotoxin  to  which  the  extreme  toxicity  of  their  venom  is  due.  The 
venoms  of  the  family  Viperidae  vary  considerably  in  this  respect.  Lachesis 
venom  is  characterized  by  the  almost  complete  absence  of  neurotoxins.  Certain 
viperine  venoms  e.  g.  the  European  vipers  V.  berus  and  aspis,  the  African  cerastes 
and  some  of  the  American  Ancistrodon  and  Crotalines  contain  a  small  amount 
of  neurotoxin,  which  varies  greatly  in  the  different  species  of  the  same  genus. 

The  action  of  the  neurotoxin.  The  neurotoxin  in  cobra  venom  has  a 
special  affinity  for  the  respiratory  centre  and  for  the  neighbouring  ganglia  of  the 
9th,  10th,  11th,  12th  cranial  nerves,  causing  symptoms  resembling  an  acute  glosso¬ 
pharyngeal  paralysis.  Besides  this  there  is  also  a  curare-like  effect  produced 
on  the  motor  end-plates  of  muscles.  The  shallow  rapid  breathing  that  occurs 
towards  the  end  is  largely  due  to  paralysis  of  the  intercostal  muscles,  the  dia¬ 
phragm  is  paralysed  last  of  all  the  muscles  before  breathing  ceases.  The  paralytic 
effects  however  severe,  if  the  animal  survives,  are  rapidly  recovered  from,  and 
do  not  lead  to  permanent  destruction  of  the  nerve  cells.  Cobra  neurotoxin  is 
assumed  to  be  a  single  proteid  body,  but  it  has  two  different  effects  on  the 
central  nervous  system,  producing  convulsions  and  paralysis.  Krait  neurotoxin 
differs  from  cobra  in  that  its  selective  action  is  mainlv  on  the  anterior  horn  cells 

4/ 

of  the  spinal  cord,  and  gradually  extends  as  far  as  the  medulla,  producing  respira¬ 
tory  failure.  There  is  no  convulsive  element  in  the  neurotoxin.  The  lesions 
produced  in  the  motor  nerve  cells  by  krait  venom  may  be  permanent,  and  in 
animals  lead  to  an  acute  ascending  paralysis,  first  described  by  Lamb  and 
called  by  him  chronic  krait  poisoning. 

The  fixation  of  the  neurotoxin  by  the  nerve  cells  will  be  described  more  fully 
under  Antivenenes.  But  we  may  briefly  say  that  the  union  takes  place  slowly 
and  little  of  the  neurotoxin  is  fixed  in  the  nerve  cells. 

The  histological  lesions  produced  by  the  neurotoxin  on  the  nerve  cells, 
from  what  has  previously  been  said,  must  be  very  slight  after  cobra  poisoning 
and  more  profound  after  krait  poisoning.  Various  changes  have  been  described  : 
the  Nissl’s  granules  are  broken  up  and  transformed  into  granular  masses,  the 
reticulum  of  the  nerve  cells  is  fragmented,  the  nuclei  become  opaque,  and  the 
nucleoli  fragmented  and  swollen.  Acton  and  Harvey  have  observed  bodies  similar 
to  Negri  bodies  after  daboia  poisoning.  The  dendrons  and  dendrites  are  often 
contracted  and  irregular.  Bailey  found  that  the  ma  jority  of  cells  in  the  anterior 
cornua  of  the  medulla  are  normal,  but  a  small  number  had  undergone  an  acute 
granular  degeneration ;  a  few  cells  had  lost  almost  all  their  chromatic  substance. 

Anticoagulin.  The  venom  of  all  the  Proteroglypha,  and  the  venom  of 
the  Ancistrodons  ( A .  contortrix  and  A.  piscivorus)  prevent  the  coagulation  of  the 
blood  in  vitro  and  in  vivo.  It  is  important  to  remember  that  the  blood  only 
remains  fluid  after  death  if  the  dose  of  venom  injected  has  been  sufficient  to 
prevent  coagulation.  In  vitro  this  phenomenon  is  easy  to  study  and  has  been 
the  subject  of  several  important  memoirs. 

The  action  of  the  anticoagulin.  The  anticoagulin  acts  in  the  first  place 
on  the  fibrin  ferment,  for  if  we  mix  1  mgm.  of  cobra  venom  with  1  c.c.  of  oxalated 
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plasma  and  allow  contact  for  one  hour,  then  add  a  quantity  of  calcium  chloride 
— sufficient  to  produce  coagulation  in  the  control  tubes — no  coagulation  occurs. 
The  anticoagulin  also  acts  on  the  fibrin  by  proteolysis,  for  if  fresh  blood  is  mixed 
with  cobra  venom  and  allowed  to  stand  for  a  little  while  and  fibrin  ferment 
added  no  coagulation  occurs  in  the  cobra  venom  blood,  whilst  controls  of 
peptonized  blood  or  blood  mixed  with  leech  extract  coagulate  at  once  on  the 
addition  of  fibrin  ferment.  The  anticoagulin  is  also  antagonistic  to  the  throm- 
base  of  viperine  venom  ;  for  example  if  we  add  1  mgm.  of  Lachesis  venom  to 
1  c.c.  of  citrated  plasma  so  that  coagulation  occurs  in  two  minutes,  and  in 
another  tube  we  first  add  1  mgm.  of  cobra  venom  to  the  same  plasma,  followed 
by  1  mgm.  of  Lachesis  venom,  no  coagulation  occurs,  but  this  mixture  coagulates 
perfectly  with  the  addition  of  1  c.c.  of  0-5  per  cent  CaCl2.  The  anticoagulin 
therefore  acts  first  on  fibrin  ferment  and  so  hinders  coagulation  ;  by  its  proteo¬ 
lytic  action  it  dissolves  the  fibrin  and  permanently  prevents  coagulation.  It  is 
also  antagonistic  to  the  thrombase  of  viperine  venoms. 

The  anticoagulin  is  destroyed  by  heat  for  one  hour  at  70°C.  and  is  precipi¬ 
tated  by  alcohol. 

Hsemorrhagin.  The  amount  of  hsemorrhagin  in  the  venom  varies  con¬ 
siderably  in  the  different  gene  a  of  poisonous  snakes.  The  venom  of  the 
Viperidse  in  general  is  rich  in  the  presence  of  this  cytolysin  to  which  the  toxicity 
of  their  venom  is  largely  due.  The  venoms  of  the  Proteroglypha  vary  consi¬ 
derably  in  this  respect.  Naia  (cobra)  venom  is  characterized  by  the  almost 
complete  absence  of  hsemorrhagin.  Bungarus  venom  contains  sufficient  to 
differentiate  this  venom  from  cobra  venom  when  injected  into  the  veins.  The 
Australian  Colubridse  ( Pseudechis  and  H oplocephalus)  form  a  special  group 
whose  venoms  are  richer  in  hsemorrhagins  than  those  of  the  other  Colubridse. 

The  action  of  the  hsemorrhagin.  The  hsemorrhagin  has  a  special  affinity 
for  the  endothelial  cells  of  the  finer  capillaries  causing  lysis  of  the  cells  and 
subsequent  hsemorrhages.  The  effects  occur  locally  at  the  site  of  the  bite,  and 
generally  all  over  the  body,  so  that  petechise  and  bleedings  from  the  mouth,  nose, 
stomach,  rectum,  and  kidney  occur.  The  convulsions  that  are  seen  early  in 
viperine  poisoning  are  due  to  small  hsemorrhages  into  the  cortex  of  the  brain. 

The  hsemorrhagin  is  destroyed  by  a  few  minutes’  heat  at  75°  C.  and  is  precipi¬ 
tated  by  alcohol. 

The  histological  lesions  produced  by  the  hsemorrhagin  on  the  endothelial 
cells  vary  considerably  with  the  dose  of  venom  and  the  species  of  snake.  Large 
doses  kill  the  animal  by  vasomotor  paralysis  or  the  onset  of  convulsions  due  to 
these  petechial  hsemorrhages.  Moderate  doses  show  the  full  effect  of  this 
cytolysin  by  hsemorrhages  from  all  the  mucous  surfaces.  Under  such  conditions 
the  kidney  is  always  extensively  involved,  so  that  albuminuria  is  the  rule  in 
chronic  viperine  poisonings.  The  glomeruli  show  hsemorrhages  and  extravasa¬ 
tions;  the  tubules  are  necrosed  and  desquamating  as  in  a  case  of  a  tubular 
nephritis.  In  the  other  organs,  cloudy  and  granular  changes  are  seen,  accom¬ 
panied  by  petechise  and  hsemorrhages.  The  site  of  inoculation  of  the  venom 
when  cut  into  resembles  red  currant  jelly  owing  to  the  numerous  small  hsemo¬ 
rrhages.  The  amount  of  hsemorrhagins  varies  with  the  different  genera  ;  most 
•in  Echis,  moderate  in  the  Viper  a,  small  in  the  Indian  Lachesis. 

The  fixation  of  the  hsemorrhagin  will  be  more  fully  described  under  Anti- 
venenes.  But  we  may  say  briefly — that  the  union  with  the  endothelial  cells 
takes  place  rapidly,  and  the  bulk  of  it  is  fixed  in  these  cells. 

Thrombase.  Fontana  (1787)  observed  that  the  blood  of  an  animal  after 
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being  bitten  by  a  viper  remained  fluid.  Brainard  (1854)  stated  that  if  an 
animal  rapidly  succumbed  after  being  bitten  by  a  rattle  snake  the  blood  was 
found  to  be  clotted  throughout  the  body,  whilst  if  the  animal  survived  for  some 
time  the  blood  was  fluid.  The  explanation  of  this  apparently  contradictory 
phenomenon  is  due  to  the  intense  proteolytic  effect  that  viperine  venoms  exert 
on  fibrin,  whether  in  solution  or  as  coagulum.  This  proteolytic  action  is  most 
marked  with  large  doses,  but  even  small  doses  which  at  first  coagulate,  soon 
break  up  the  compact  clot,  dissolve  it,  and  make  the  blood  fluid.  The  amount 
of  thrombase  present  varies  considerably  in  the  Viperidse.  Lachesis  venom  is 
most  active  in  this  respect,  then  that  of  the  Vipera  and  Crotalus.  The  venoms 
of  the  Ancistrodon  (A.  contortrix  and  piscivorus)  are  entirely  devoid  of  this 
ferment.  No  colubrine  venom  shows  the  slightest  trace  of  thrombase  in  however 
large  doses. 

The  nature  of  the  thrombase.  The  thrombase  in  the  first  place  acts  on 
the  fibrin  ferment  and  induces  coagulation,  for  if  we  mix  1  mgm.  of  Lachesis 
venom  with  1  c.c.  of  citrated  or  oxalated  plasma,  clotting  occurs  at  once.  The 
thrombase  also  acts  on  the  fibrin  by  proteolysis,  for  if  we  now  add  4  mgm.  of 
Lachesis  venom  to  the  1  c.c.  citrated  plasma,  no  coagulation  occurs,  nor  can  if 
be  induced  by  fibrin  ferment,  as  the  thrombase  in  this  amount  rapidly  digests 
fibrin  ferment. 

The  action  of  thrombase.  Viperine  venom  injected  in  large  doses  into 
small  animals,  or  injected  intravenously  causes  death  rapidly  by  intravascular 
coagulation.  In  human  beings  the  main  action  of  the  thrombase  occurs  at  the 
site  of  the  bite,  causing  extensive  local  thrombosis,  which  in  a  way  is  a  good 
effect,  as  it  locks  up  the  venom  and  prevents  it  getting  into  the  general  circu¬ 
lation.  This  is  the  main  reason  why  a  ligature  is  so  effective  after  viperine 
bites.  On  the  other  hand,  if  extensive  thrombosis  occurs  locally,  death  of  the 
part  is  certain  to  occur.  After  a  few  minutes  the  large  amount  of  venom 
deposited  locally  begins  to  dissolve  the  clots,  and  the  haemorrhagins  destroy  the 
walls  of  the  finer  capillaries,  and  the  blood  not  clotting  causes  a  constant 
oozing  to  occur  into  the  tissues  and  from  the  punctures — a  characteristic  sign 
of  viperine  bites. 

Noe  observed  that  if  viperine  venoms  were  heated  to  75°  C.  they  entirely  lose 
their  thrombotic  properties,  which  begin  to  diminish  at  a  temperature  of  58°  C. 

Conclusions.  We  therefore  see  that  in  colubrine  venom  the  toxic  principle 
is  a  neurotoxin,  which  acts  on  the  medulla  and  motor  end  plates  causing  death 
from  respiratory  failure,  and  belongs  to  the  non-coagulable  proteoses  ;  it  is 
probably  not  a  single  body.  In  viperine  venoms  in  man  the  toxic  principle  is 
a  cytolysin  ‘  haemorrhagin  ’  which  acts  on  the  lining  of  the  finer  capillaries 
producing  death  by  cardiac  failure  from  vasomotor  insufficiency  or  by  haemo¬ 
rrhages.  The  proteolytic  ferment  4  thrombase  5  is  more  important  in  producing 
death  in  small  animals  from  intravascular  coagulation ;  in  man  it  causes  gangrene 
at  the  site  of  the  bite.  Both  these  substances  belong  to  the  coagulable  proteids. 

THE  NATURE  OF  THE  DIGESTIVE  FERMENTS  IN  VENOM. 

We  have  already  pointed  out  that  venom  is  a  specialized  salivary  secretion, 
the  main  function  of  which  is  to  digest  the  prey.  These  ferments  can  be  classified 
under  three  main  groups  : 

(A)  Cytolysins  ; 

(B)  Proteolytic  ferments  ; 

(C)  Kinases. 
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Cytolysins.  Flexner  and  Noguchi  (1903)  showed  that  the  venoms  of 
various  poisonous  snakes  contain  substances  which  possess  the  property  of 
dissolving  a  large  number  of  the  tissue  cells  of  warm  and  cold  blooded  animals, 
and  that  these  cytolysins  are  very  markedly  resistant  to  heat  (30  minutes  at 
85°  C.).  The  best  known  cytolysins  are  : 

(i)  The  tuemorrhagin  of  viperine  venoms  already  described. 

(ii)  The  hsemolysin  of  the  colubrine  snakes.  An  enormous  amount  of  work 
has  been  done  on  the  hsemolysins  in  cobra  venom,  mainly  in  connexion 
with  understanding  the  phenomenon  of  haemolysis  of  red  blood-cells  and 
the  nature  of  complement.  From  our  point  of  view  it  may  be  regarded 
as  a  cytolysin,  which  breaks  down  the  red  cell. 

(iii)  Bacteriolysins.  Cobra  venom  contains  a  cytolysin  which  acts  on  bacteria 
and  is  capable  of  fixing  the  complement  of  normal  sera. 

(iv)  Leucolysins.  In  vitro  cobra  venom  dissolves  leucocytes  intensely  in 
order  of  sequence :  first  mononuclears,  then  polymorphonuclears,  then 
lymphocytes. 

Besides  these  well-known  cytolysins,  Flexner  and  Noguchi  experimented 
with  various  cells  and  found  that  cobra  venom  was  most  active  against  nerve 
cells,  spermatozoa,  and  ova,  whilst  viperine  venoms  were  most  active  on  the 
cells  of  the  liver,  kidney,  and  testicle. 

Proteolytic  ferments.  The  proteolytic  action  of  venoms  has  been  studied 
by  Flexner  and  Noguchi  (1902),  Delezenne  (1902),  and  Noe  (1904)  on  gelatin, 
fibrin,  and  egg  albumin.  The  viperine  venoms' — Lachesis  and  Ancistrodon — 
are  the  most  active.  Viper  venom  is  much  less  so,  and  the  venom  of  the 
Colubrides  is  very  feeble.  We  have  already  discussed  the  nature  of  thrombase 
and  shown  that  the  digestion  of  fibrin  is  due  to  the  strong  proteolytic  action  of 
viperine  venom.  Lacliesis  venom  is  capable  of  digesting  gelatin,  and  when 
subjected  to  digestion  gelatin  is  no  longer  capable  of  being  solidified.  Lannoy, 
experimenting  upon  albuminoids  (casein,  serum,  albumin)  in  solution,  showed 
that  hydrolysis  occurred  with  a  disintegration  of  the  albuminoid  molecule,  but 
never  reached  the  stage  of  peptones.  These  proteolytic  ferments  are  rapidly 
destroyed  by  heat  (70°  C.). 

Kinases.  Delezenne  (1902)  found  that  while  venom  alone  is  incapable  of 
digesting  cooked  albumins,  the  addition  of  a  little  pancreatic  juice  activates 
the  venom  immediately  and  complete  digestion  occurs.  We  found  that  venom 
considerably  activated  peptic  digestion;  a  cube  of  coagulated  egg  albumin  was 
digested  in  a  quarter  of  the  time  if  a  trace  of  venom  was  added  to  the  peptic 
extract  prepared  from  cobras’  stomachs. 

These  kinases  are  therefore  capable  of  accelerating  both  gastric  and  pan¬ 
creatic  digestion,  and  as  they  have  permeated  through  the  tissues  of  the  prey, 
digestion  occurs  rapidly  and  completely.  Venom  therefore  is  a  salivary  secretion, 
the  ferments  of  which  activate  gastric  and  pancreatic  digestion  by  kinases.  Non- 
poisonous  snakes,  although  destitute  of  fangs,  also  possess  venom  glands  which 
help  them  to  digest  their  prey. 
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CHAPTER  37 

THE  DIAGNOSIS,  PROGNOSIS,  AND  TREATMENT  OF  SNAKE  POISONING 

Synopsis:  I.  Antivenenes.  The  nature  of  the  antivenomous  principle,  p.  750;  The 
preparation  and  standardization  of  antivenenes,  p.  751  ;  The  nature  of  the  venom-anti- 
venene  reaction,  p.  751  ;  The  dose  of  antivenene  necessary  to  save  life,  p.  753  ;  The 
concentration  of  antivenenes,  p.  756. 

II.  Venom  therapy.  The  diagnosis  and  prognosis  of  snake  bites,  p.  756;  The  treatment 
of  snake  poisoning,  p.  758  ;  Prophylaxis,  p.  761. 

I.  ANTIVENENES. 

THE  NATURE  OF  THE  ANTIVENOMOUS  PRINCIPLE. 

Previous  work  has  largely  been  carried  on  in  connexion  with  the  antihsemo- 
lytic  power  of  these  sera;  few  have  paid  much  attention  to  their  relationship 
to  the  neurotoxins  and  cytolysins  of  venoms.  Lamb  and  Martin  have  shown 
that  the  specificity  of  antivenenes  is  remarkable  ;  the  antiserum  prepared 
against  cobra  venom  has  no  action  on  krait  venom,  whilst  the  daboia  antiserum 
has  no  action  on  Echis  venom.  Calmette  maintained  that  the  combination 
of  venom  with  antivenene  was  an  unstable  one  and  could  be  easily  dissociated  ; 
he  proved  his  statement  by  reference  to  haemolytic  experiments.  Martin  and 
Cherry  have  shown  that  if  a  neutralized  mixture  of  venom  and  antivenene  be 
forcibly  filtered  through  a  fine  Chamberland  filter,  the  venom-antivenene 
complex  is  dissociated — the  venom  passes  through  the  filter  and  the  antivenene 
is  left  behind.  This  experiment  suggests  that  the  molecules  of  the  antivenomous 
principle  are  of  a  larger  order  than  those  of  venom,  and  therefore  fail  to  pass 
through  the  fine  pores  of  the  candle.  Nuttall  (1904)  put  forward  the  hypothesis 
that  antivenene  is  of  the  nature  of  a  precipitin  serum  and  the  venom-antivenom 
complex  is  of  the  nature  of  a  precipitin  phenomenon. 

By  heating  the  antivenene  for  5  minutes  at  different  temperatures  we  found 
that  the  neutralizing  power  remained  constant  up  to  60°  C.  To  prevent  a  solid 
coagulum,  the  antivenene  was  diluted  1  in  3  with  normal  saline.  After  60°  C., 
as  soon  as  coagulation  begins  to  take  place,  the  neutralizing  power  rapidly  falls 
and  at  70°  C.  it  is  lost  altogether.  We  also  found  that  30  per  cent  (NH4)2  S04 
saturation  failed  to  remove  any  immune  principles  from  antivenene,  whereas 
at  50  per  cent  saturation  the  filtrate  showed  no  antivenomous  property  ;  and  at 
40  per  cent  saturation  nearly  all  of  it  is  precipitated.  We  may  summarize  the 
facts  regarding  the  antivenomous  principle  as  follows  : 

(i)  It  is  strictly  specific  for  the  venom  employed  in  immunizing  the  animal 
and  for  that  venom  only. 

(ii)  It  is  a  substance  which  has  heavy  molecules  that  will  not  pass  through 
the  pores  of  a  fine  Chamberland  filter. 

(iii)  It  remains  stable  on  heating  up  to  a  temperature  of  60°  C.  for  5  minutes, 
but  on  coagulation  of  the  serum  proteids,  from  65°  C.  to  70°  C.,  it  is 
completely  destroyed. 

(iv)  It  is  precipitated  completely  out  of  the  serum  by  saturation  of  30  to 
50  per  cent  with  (NH4)2  S04. 

(v)  It  is  of  the  nature  of  a  coagulable  proteid. 

In  brief,  the  antivenomous  principle  is  a  substance  which  is  precipitated  or 
destroyed  by  exactly  those  agents  which  precipitate  and  destroy  globulins.  It 
is  either  a  globulin  or  globulin  associate. 
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PREPARATION  AND  STANDARDIZATION  OF  ANTIVENENE. 

Preparation.  The  minimum  lethal  dose*  of  venom  for  the  horse  is  about 
25  mgm.  Considerably  less  than  this  amount  should  be  given  for  the  first  dose. 
The  doses  are  gradually  increased  until  the  horse  is  able  to  tolerate  2  grm.  of 
dried  venom  at  a  single  injection.  On  an  average  a  period  of  about  16  months 
is  necessary  to  obtain  a  sufficiently  powerful  serum.  The  horse  has  to  be 
carefully  selected  (chestnuts  or  bays  with  large  bones  are  the  best),  and  the 
doses  have  to  be  increased  very  gradually,  otherwise  the  animals  may  succumb 
during  the  course  of  treatment  from  endocarditis  or  nephritis.  Each  injection 
of  venom  leads  to  the  formation  of  aseptic  abscesses  which  have  to  be  opened 
and  drained  ;  we  were  able  to  eliminate  this  happening  with  daboia  venom  by 
employing  lung  tissue  to  fix  the  haemorrhagins.  Twelve  days  after  the  last 
injection  the  horse  is  bled  to  the  extent  of  8  litres,  five  days  later  to  the  extent  of 
6  litres,  and  after  another  five  days  another  6  litres  are  withdrawn.  The  animal 
is  then  allowed  a  rest  for  three  months,  during  which  time  two  more  injections 
of  2  grm.  venom  are  given,  after  a  wait  of  a  month  and  six  weeks  respectively. 

Standardization.  The  dried  venom  is  weighed  on  a  Sartorius  balance  and 
dissolved  in  normal  saline,  so  that  1  c.c.  of  the  solution  =  1  mgm.  of  venom. 
Do  not  heat  the  venom  solution  as  there  is  a  loss  of  toxicity  when  the  proteids 
coagulate.  One  c.c.  of  serum  from  the  immunized  horse  is  mixed  with  1  c.c. 
of  the  venom  solution  and  allowed  an  in  vitro  contact  for  5  minutes.  The 
mixture  is  then  injected  into  the  marginal  vein  of  a  rabbit ;  should  the 
animal  survive  the  serum  is  regarded  as  being  capable  of  neutralizing  1  mgm.  of 
venom.  There  are  two  important  points  that  are  neglected  in  such  a  method 
of  standardization.  Firstly,  a  normal  animal  is  capable  of  tolerating  a  certain 
amount  of  venom,  i.  e.  the  sublethal  dose.  Secondly,  the  natural  test  is  not  an 
in  vitro  test  but  made  in  vivo  when  the  snake  injects  the  venom  subcutaneously 
and  the  antivenene  is  given  intravenously. 

When  we  tested  such  an  antivenene  in  vivo  we  found  that  the  value  varied 
with  the  method  of  administration.  All  methods  gave  a  lower  neutralization 
than  which  occurs  in  vitro.  The  relative  efficacy  of  the  three  methods  of  admini¬ 
stration — subcutaneous,  intraperitoneal,  intravenous — is  as  1:2:4.  Thus 
1  c.c.  of  a  serum  which  actually  neutralized  0-65  mgm.  of  cobra  venom  in  vitro , 
when  tested  in  the  living  animal  neutralized  01  mgm.  if  given  subcutaneously, 
0-2  mgm.  if  given  intraperitoneally,  and  0-4  mgm.  intravenously.  The  same 
results  held  true  for  Russell’s  viper  venom.  A  serum  value  of  1-73  mgm.  in  vitro 
was  reduced  to  0-3  mgm.  subcutaneously,  0-8  mgm.  intraperitoneally,  and 
0-8  mgm.  intravenously. 

From  this  it  is  obvious 

(i)  that  the  standardization  of  antivenene  should  be  expressed  in  terms  of 
mgm.  of  the  actual  venom  neutralized  when  the  venom  is  given  subcu¬ 
taneously  and  the  serum  intravenously  ; 

(ii)  that  the  intravenous  method  of  administration  of  antivenene  is  the  only 
correct  method  of  treatment.  The  neutralizing  power  of  the  antivenene 
is  lessened  to  a  half  or  a  quarter  when  given  into  the  peritoneum  or 
under  the  skin  respectively. 

m 

THE  NATURE  OF  THE  REACTION  BETWEEN  VENOM  AND  ANTIVENENE. 

The  rate  of  fixation  of  venom  by  antivenene.  We  found  that  the  union  of 
venom  and  antivenene  when  brought  in  contact  with  each  other  in  vitro  is  almost 
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instantaneous,  and  the  immediate  neutralization  effected  is  not  much  improved 
after  the  lapse  of  15-20  minutes. 

The  rate  of  fixation  of  venom  in  the  tissues.  We  have  seen  that  antivenene 
has  a  selective  affinity  for  the  toxic  principles  of  venom.  There  remains  to  be 
considered  whether  the  tissues  of  the  animal  have  a  greater  avidity  for  the 
venom  than  the  antitoxin  has.  The  interval  that  elapses  between  the  inocula¬ 
tion  of  a  fatal  dose  of  venom  and  the  death  of  the  patient  consists  of  two  periods. 
The  first  is  the  absorption  period,  10  minutes  for  man  :  with  viperine  venoms 
this  period  is  longer  owing  to  the  local  thrombotic  action  of  the  venom  at  the 
site  of  the  bite  and  may  be  20-30  minutes  in  man.  The  second  period  is  the 
fixation  period,  i.  e.  the  interval  of  time  that  elapses  between  the  appearance 
of  a  M.L.D.  in  the  general  circulation  and  the  onset  of  symptoms. 

With  colubrine  venoms,  the  neurotoxin  has  a  special  affinity  for  the  nerve 
cells  of  the  medulla  and  cerebral  cortex.  In  an  experiment  performed  on  the 
distribution  of  cobra  venom  in  the  animal  tissues,  we  found  that,  in  order,  the 
medulla  contained  most,  the  cerebral  cortex  next,  and  the  other  tissues  contained 
but  little.  In  testing  the  rate  of  fixation  of  cobra  venom  by  brain  tissue  in  vitro , 
we  found  that  after  lj  hours’  incubation  at  37°  C.  of  a  mixture  of  fresh  brain 
emulsion  and  cobra  venom,  that  only  6  per  cent  of  the  venom  had  been  anchored 
in  the  nerve  cells  and  that  94  per  cent  remained  unfixed.  The  inference  to  be 
drawn  from  these  experiments  is  that  the  fixation  of  the  neurotoxin  in  the  brain 
cells  is  a  slow  and  gradual  one.  We  have  also  pointed  out  that  when  an  animal 
receives  a  sublethal  dose  of  cobra  venom  it  may  be  completely  paralysed  for 
some  hours  and  yet  recover  without  any  permanent  damage  to  the  nerve  cells. 
The  neurotoxin  in  krait  venom  frequently  damages  the  nerve  cells  permanently 
and  leads  to  an  ascending  Landry’s  paralysis.  In  short,  the  position  with  regard 
to  the  fixation  of  cobra  venom  in  the  tissues  is  that,  whereas  the  venom  is 
absorbed  into  the  general  circulation  with  lightning  rapidity  (10  minutes  in  man), 
the  fixation  of  the  neurotoxin  in  the  nerve  cells  is  a  much  slower  and  more 
gradual  process  (10  minutes  to  several  hours),  and  depends  on  the  dose  of  venom. 
Under  such  conditions,  one  would  expect  that  a  little  delay  in  administering  the 
antivenene  in  such  cases  would  not  materially  affect  the  patients’  chances  of 
survival.  Most  writers  have  claimed  that  delay  is  very  prejudicial,  but  their 
opinion  appears  to  be  empirical.  We  found  in  cobra  venom  poisoning  that  the 
same  dose  of  antivenene  which  saves  life  when  given  immediately  after  a  bite 
will  still  save  life  if  given  within  two-thirds  of  the  death  time,  for  the  same  dose 
of  venom. 

With  viperine  venom,  the  cytolysin,  i.  e.  the  hsemorrhagin,  becomes  fixed  in 
and  destroys  the  cells  of  the  endothelial  lining  of  the  capillaries,  leading  to  pro¬ 
fuse  haemorrhages  and  death  from  cardiac  failure.  In  testing  the  rate  of  fixation, 
lung  emulsion  was  used  instead  of  brain,  as  the  venom  has  a  special  affinity  for 
endothelial  cells.  We  found  that  after  1  \  hours’  incubation  at  37°  C.  of  a  mix¬ 
ture  of  fresh  lung  emulsion  and  Russell’s  viper  venom  no  less  than  64  per  cent 
of  the  latter  had  been  fixed  in  the  endothelial  cells,  and  that  only  36  per  cent 
remained  unfixed.  When  once  severe  symptoms  set  in,  death  usually  takes 
place.  In  short,  the  position  with  regard  to  the  fixation  of  daboia  venom  in  the 
tissues  is  that,  whereas  the  venom  is  absorbed  into  the  general  circulation 
slowly  (20-30  minutes),  owing  to  local  thrombotic  effects,  the  fixation  of  the 
hsemorrhagin  in  the  endothelial  cells,  once  it  comes  in  contact  with  them  is 
rapid  and  firm,  leading  to  the  death  of  these  cells.  Under  such  conditions  any 
delay  in  administering  antivenenes,  once  the  venom  is  absorbed,  would  materially 
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affect  the  patients’  chances  of  recovery.  This  we  were  able  to  demonstrate  by 
experiments  on  monkeys.  Hence  in  cases  of  daboia  bites,  a  firm  ligature  should 
be  applied  at  once  to  localize  the  venom  at  the  site  of  the  bite,  and  the  full  dose 
(100-200  e.e.)  of  antivenene  should  be  given  as  soon  as  possible. 

The  incomplete  or  reversible  mass  action  of  antivenene.  It  occurred  to  us 
that  it  would  be  well  to  inve  tigate  the  value  of  antivenene  when  acting  on 
different  doses  of  venom.  We  therefore  tested  : 

(i)  In  vitro,  the  effect  of  a  constant  dose  of  antivenene  (1  e.e.)  acting  against 

different  doses  of  venom  (1-10  mgm.)  and  found  that  the  actual  amount 
of  venom  neutralized  increased  as  the  dose  of  venom  was  increased,  but 
that  the  percentage  (57  per  cent)  of  the  total  venom  neutralized,  remained 
constant. 

(ii)  In  vivo,  the  effect  of  a  constant  dose  of  antivenene  (1  e.e.)  acting  against 
different  doses  of  venom  (0*5-50  mgm.)  and  found  that  the  actual  amount 
of  venom  neutralized  increased  as  the  dose  of  venom  was  increased,  but 
that  the  percentage  (65*4  per  cent)  of  the  total  venom  neutralized 
remained  constant,  no  matter  how  the  doses  of  venom  were  altered. 
From  this  it  follows  that  the  actual  amount  of  venom  not  neutralized  was 
also  increasing,  averaging  34*6  per  cent  of  the  dose  of  venom  injected. 

(iii)  In  vivo,  the  effect  of  increasing  doses  of  antivenene  (0-5  to  10  c.c.)  acting 
against  a  constant  dose  of  venom  (2  mgm.)  and  found  that  each  extra  c.c. 
of  antivenene  injected  neutralizes  less  than  the  c.c.  before  it.  Thus  1  c.c. 
acting  on  2  mgm.  neutralizes  66  per  cent  of  the  venom,  whilst  8  c.c. 
only  neutralizes  83  per  cent  of  the  venom  dose. 

From  these  experiments  we  say  that  the  law  of  incomplete  or  reversible  mass 
action  holds  true  of  the  union  of  venom  with  antivenene. 

We  are  now  in  a  position  to  understand  the  nature  of  the  reaction  between 
venom  and  antivenene.  This  phenomenon  obeys  the  law  of  incomplete  or 
reversible  mass  action  and  is  an  interunion  between  the  heavy  molecule  of  the 
antivenomous  principle,  i.e.  a  globulin,  and  the  lighter  molecules  of  venom, 
i.  e.  an  albumose.  One  class  of  sera  will  fulfil  these  requirements,  viz.  precipitin 
sera.  We  may  therefore  conclude  that  antivenene  is  of  the  nature  of  a  precipitin, 
produced  in  the  serum  of  an  immunized  animal  by  inoculation  of  the  proteid-like 
bodies  of  venom. 

THE  DOSE  OF  ANTIVENENE  NECESSARY  TO  SAVE  LIFE. 

We  are  now  in  a  position  to  determine  the  amount  of  neutralization  effected 
by  any  dose  of  antivenene  acting  in  vivo  upon  any  dose  of  venom.  We  have 
already  shown  that  this  neutralization  will  be  altered  by  : — 

(i)  Age  and  size.  Small  animals  stand  doses  of  venom  better  in  proportion 

to  their  size  than  do  large  animals. 

(ii)  .  Toleration  of  the  species  concerned  as  regards  the  venom. 

(iii)  The  method  of  administering  the  antivenene. 

(iv)  Influence  of  delay  in  cobra  and  Russell’s  viper  poisoning. 

In  order  to  simplify  the  calculation,  we  will  confine  our  attention  to  anti¬ 
venene  when  given  at  once  to  healthy  animals  of  standard  weight,  who  have 
received  a  dose  of  cobra  venom  hypodermically.  For  a  constant  dose  of  venom 
the  relationship  between  the  amount  of  antivenene  given  and  the  amount  of 
venom  neutralized  is  shown  by  the  continuous  curve  in  fig.  314. 

This  curve  is  somewhat  parabolic  in  form,  as  illustrated  by  the  Goldberg- 
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Waage  Law.  The  following  equation  represents  fairly  accurately  this  somewhat 
irregular  figure  : 

cc(D  —  y)  =D  — N. 

Where  x  =  No.  of  c.  c.  given  intraperitoneally  ;  D  =  No.  of  mgm.  of  venom 
injected  ;  N  =No.  of  mgm.  neutralized  by  the  first  c.  c.  of  antivenene  out  of  the 
original  dose  D.  For  the  rat  N  =  65-4  per  cent  of  D,  and  is  uniform. 


Mass  Action  of  Antivenene  ;  Action  of  constant  dose  of  Antivenene  on 

INCREASING  DOSE  OF  COBRA  VENOM. 


Mgm.  of  venom  injected  into  the  rat. 

Fig.  314.  The  continuous  curve  shows  the  neutralization  effected  by  1  c.c.  of 
antivenene  acting  in  vitro  upon  1  to  10  mgm.  of  cobra  venom.  107  observations. 

The  dotted  curve  shows  the  neutralization  effected  by  1  c.c.  of  antivenene 
acting  in  vivo  intraperitoneally  upon  1  to  10  mgm.  of  cobra  venom.  157 
observations. 


y  =  No.  of  mgm.  neutralized  out  of  D  by  x.  Now  y  must  be  equal  to  the 
mgm.  injected,  i.e.  D  minus  the  sublethal  dose.  .  *.?/  =  (D-sub  L.D.). 

Now  if  y  =  T)~  sub  L.D.  and  N  is  uniformly  65-4,  then  the  relationship 
between  the  dose  of  venom  given  and  the  dose  of  antivenene  needed  to  save  life 
becomes  a  simple  one  and  can  be  represented  by  the  formula 


and  can  be  plotted  as  a  straight  line.  The  value  of  K  in  the  monkey  is  1-25. 
In  other  words,  one  and  a  quarter  times  the  number  of  c.c.  of  antivenene  should 
be  given  intravenously  as  there  are  mgm.  of  venom  inoculated  into  the  animal. 
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These  results  applied  to  man  show  that  to 'save  life  by  the  administration  of 
antivenene  after  a  dose  of  D  mgm.  of  cobra  venom,  the  following  values  of  x  c.e. 
of  antivenene  must  be  given  : 

D  =  5  x  c.e.  for  subcutaneous  administration. 

=  2-5  x  c.e.  for  intraperitoneal  administration. 

=  1-25  x  c.e.  for  intravenous  administration. 

The  analysis  of  Fayrer’s  statistics  of  cobra  bite  given  in  Table  VI  can  now 
be  worked  out,  and  the  amount  of  antivenene  necessary  to  save  the  lives  of 
these  cases  can  be  calculated  if  the  remedy  is  given  intravenously  and  at  once. 


Table  VIII 


No.  of 
cases 
from 
Fay  refs 
statistics. 

Period  within 
which  death 
occurred. 

Equivalent  killing 
doses  of  desiccated 
cobra  venom.. 

c.c.  of  antivenene 
needed  intraven¬ 
ously  to  save  life. 

Antivenene  should 
be  given. 

Group  I  . 

5 

|  hour  or  less. 

587  mgm.  or  more. 

734  c.c.  or  more. 

Within  15  minutes 
of  the  bite. 

Group  II 

12 

£  hour  to  2  hours. 

587  to  117  mgm. 

734  to  146  c.c. 

Within  20  to  80 
minutes  of  the 
bite. 

Group  III 

11 

2  to  6  hours. 

117  to  46  mgm. 

146  to  58  c.c. 

Within  1|  to  4 
hours  of  the  bite. 

Group  IV 

20 

6  to  30  hours. 

46  to  15  mgm. 

58  to  19  c.c. 

Within  4  to  20 
hours  of  the  bite 

Note. — The  doses  of  venom  given  by  cobras  in  cases  of  cobra  bite  in  man,  and  the  calculated  amount 
of  antivenene  which,  if  given  intravenously,  would  have  saved  the  lives  of  these  eases. 


If  the  antivenene  be  given  intraperitoneally  the  amount  shown  should  be 
multiplied  by  two,  if  it  be  given  subcutaneously  they  should  be  multiplied  by 
four.  Thus  for  a  case  of  cobra  bite  in  man,  where  a  maximum  dose  of  venom 
has  been  given,  734  c.e.  of  antivenene  must  be  injected  intravenously  within 
15  minutes  of  the  bite  or  3  litres  subcutaneously.  Such  cases  of  bite  are  the 
exception  and  not  the  rule  in  man,  5  cases  in  Group  I  out  of  the  48  recorded. 
A  study  of  this  table  shows  that  if  the  present  antivenene,  as  issued  by  the  Indian 
Government,  be  the  only  remedy  employed  in  cases  of  cobra  bite,  the  cases  in 
Group  III  and  IV,  i.e.  64  per  cent  of  the  fatal  cases  are  the  only  possible  persons 
that  could  have  been  saved.  It  is  doubtful  whether  a  human  being  could  stand 
more  than  400  c.e.  of  serum  at  a  dose. 

The  dose  of  antivenene  required  to  save  life  after  daboia  bites.  The  in  vitro 
value  of  the  standard  venom  issued  at  Kasauli  and  tested  by  us  was  found  to  be 
1  c.e.  =1-73  mgm.  and  only  0-54  mgm.  when  injected  intraperitoneally  after 
a  Russell’s  viper  bite.  We  have  shown  previously  that  the  relative  efficacy  of 
the  three  methods  of  antivenene  administration  after  daboia  venom  injections  is 
for  subcutaneous  :  intraperitoneal  :  intravenous  as  3  :  8  :  8.  The  total  venom 
content  of  a  Russell’s  viper  varies  from  60  to  180  mgm.  of  dried  venom,  and  if  we 
take  two-thirds  of  this  amount  as  a  good  dose  injected  with  a  bite,  the  injected 
dose  will  vary  from  40-120  mgm.  In  order  to  save  life,  therefore,  by  means  of 
antivenene  from  80-160  c.c.  should  be  given  intravenously  within  20-30  minutes 
after  a  bite.  An  efficient  ligature  would  promote  local  thrombosis  and  so  greatly 
reduce  the  amount  of  venom  entering  the  general  circulation,  whilst  the  local 
injection  of  5-10  c.c.  of  a  1  per  cent  gold  chloride  would  destroy  most  of  the 
venom  in  situ.  Both  these  methods  are  capable  of  saving  life,  and  would 
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materially  reduce  the  amount  of  antivenene  needed  after  such  a  bite.  If  the  pre¬ 
sent  methods  of  treatment  can  be  promptly  applied,  no  deaths  should  take  place 
from  the  general  effects  of  the  poison,  but  the  local  destruction  of  tissue  cannot 
be  prevented. 

< 

THE  CONCENTRATION  OF  ANTIVENENES. 

Many  methods  of  concentrating  weak  antidiphtheritic  sera  are  well  known, 
and  some  are  in  daily  use  in  laboratories,  where  such  sera  are  manufactured. 
It  is  obvious  that  if  antivenene  could  be  concentrated  until  its  potency  was 
10-20  times  greater  than  at  present,  the  doses  required  to  save  life  as  shown 
in  Table  VIII  could  be  very  much  reduced.  In  fact  the  contents  of  a  20-40  c.c. 
phial  given  intravenously  might  be  sufficient  to  save  life  in  all  cases  of  cobra  or 
daboia  poisoning  that  come  within  the  range  of  treatment.  By  combining  the 
methods  of  Pick  and  Briger  and  Boer  we  were  able  to  concentrate  a  weak 
antivenene  to  times  its  original  potency;  so  that  1  c.c.  injected  intraperi- 
toneally  neutralized  1-2  mgm.  of  venom,  as  against  the  original  sera  where  1  c.c. 
neutralized  0T6  mgm.  intraperitoneally.  At  this  stage  of  our  research  the  great 
war  broke  out  and  put  an  end  to  any  further  investigation.  Since  then  no 
attempt  has  been  made  to  improve  the  present  strength  of  antivenene,  although 
some  20,000  lives  are  lost  annually  in  India  from  snake-bite. 

II.  VENOM  THERAPY. 

DIAGNOSIS. 

(A)  If  the  snake  has  been  killed.  The  first  point  to  decide  is,  whether  the 
snake  is  a  poisonous  or  non-poisonous  one  ?  The  poisonous  snakes  can  always  be 
identified  by  examining  the  mouth.  Having  decided  that  the  snake  is  a  poisonous 
one,  the  species  should  next  be  identified,  as  some  of  the  poisonous  snakes  do 
not  produce  lethal  effects — thus  the  Indian  Lachesis  and  Ancistrodon  do  not 
cause  death. 

(B)  If  the  snake  has  got  away.  A  description  obtained  from  the  patient,  if  he 
saw  the  snake,  may  help  one  to  decide  whether  the  snake  was  a  poisonous  one. 
Thus  the  hood  of  a  cobra,  the  undulating  crescentic  shape  of  the  Echis,  the 
triple  markings  of  the  Russell’s  viper,  are  sufficiently  characteristic. 

If  the  snake  was  not  seen  owing  to  the  darkness,  the  diagnosis  will  have  to  be 
based  on  : 

(i)  The  character  of  the  bite.  Great  stress  is  laid  by  some  authors  on  the 
injury  inflicted  by  the  teeth  of  poisonous  and  non-poisonous  snakes. 
The  bite  of  the  non-poisonous  snakes  is  supposed  to  show  the  four  rows 
of  teeth,  and  of  the  poisonous  snakes  the  two  or  more  fangs  and  the  two 
central  rows  of  palatine  teeth.  Such  signs  are  rarely  seen.  The  common 
impression  one  sees  in  bites  by  poisonous  snakes  are  the  two  fang  marks, 
(ii)  The  tissues  at  the  site  of  the  bite.  With  colubrine  poisonous  snakes 
— owing  to  the  absence  of  thrombase  and  haemorrhagins  in  their  venoms — 
there  is  usually  very  little  swelling  and  pain.  The  patient  usually  com¬ 
plains  of  numbness  at  the  site.  With  the  Viperidae  there  is  marked 
swelling  and  pain  at  the  site  of  the  bite,  and  a  constant  oozing  of  blood, 
(iii)  The  symptoms.  From  colubrine  venoms  there  is  drowsiness  with  ptosis, 
an  unaltered  pupil  and  strong  and  regular  pulse.  With  viperine  venoms 
the  symptoms  may  begin  with  violent  convulsions,  which  are  soon 
followed  by  general  paralysis.  There  is  no  special  glosso-pharyngeal 
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paralysis.  The  pupils  are  widely  dilated,  and  the  breathing  rapid.  The 
nervous  symptoms  may  be  recovered  from,  and  the  patient  die  a  few  days 
later  from  secondary  haemorrhages. 

DIFFERENTIAL  DIAGNOSIS. 

(i)  Shock  and  fright.  The  amount  of  fear  and  shock  that  one  sometimes  sees 
after  a  bite  from  a  non-poisonous  snake,  when  it  is  thought  to  be  poison¬ 
ous,  is  very  great,  and  Wall  records  several  such  fatal  cases.  Two  cases 
may  be  quoted  as  an  illustration.  In  Nowshera  a  sepoy  was  bitten  by  a 
Zamenis  diadema.  When  seen  the  patient  was  pale,  restless,  and  looked 
ill,  the  pulse  was  very  small  and  rapid,  and  the  breathing  quick  and 
shallow.  When  informed  that  the  snake  was  a  harmless  one,  the  patient 
rapidly  recovered.  In  Simla  one  of  us  (H.W.A.)  was  called  to  see  a  case 
of  snake-bite.  The  patient  was  on  the  operating  table,  a  rubber  ligature 
on  the  leg,  and  preparations  were  being  made  for  rubbing  in  perman¬ 
ganate.  The  patient  was  suffering  from  shock  at  the  time.  The  snake 
was  produced — an  Ancistrodon  himalayanus  (six  inches  in  length  and 
that  year’s  hatchling).  The  snake,  although  poisonous,  was  too  young 
to  give  sufficient  venom,  and  the  case  was  treated  by  sedatives  alone. 

(ii)  Alcoholism  is  frequently  observed  after  snake- bites,  as  a  popular  treat¬ 
ment  is  to  give  a  bottle  of  whisky  or  brandy  in  such  cases. 

(iii)  Scorpion  stings.  As  a  rule  few  mistakes  of  diagnosis  occur  from  the 
wounds  of  these  Arthropods,  for  they  are  seen  as  soon  as  a  light  is 
brought  into  the  room. 

PROGNOSIS. 

Human  beings  are  frequently  bitten  by  non-poisonous  snakes  such  as 
Lycodon  (wolf  snakes),  Zamenis  (rat  snakes),  etc.,  as  well  as  by  poisonous  snakes. 
This  is  clearly  shown  in  the  military  and  prison  statistics  furnished  by  the 
Sanitary  Commissioner  with  the  Government  of  India,  for  the  years  1896  to 
1909  ;  480  persons  were  reported  as  cases  of  snake-bites,  of  these  only  38  died, 
a  mortality  of  under  8  per  cent.  Even  in  the  cases  of  bites  from  known  and 
identified  poisonous  snakes  a  fatal  termination  is  by  no  means  invariable.  The 
prognosis  therefore  depends  on  : 

(a)  The  species  of  poisonous  snake.  In  Europe  the  different  vipers  found 
rarely  cause  death.  In  Asia  the  cobra  is  the  most  deadly,  then  the 
Russell’s  viper,  and  lastly  the  Echis  with  about  a  20  per  cent  mortality;  the 
kraits  very  rarely  bite  but  their  bites  are  very  fatal.  The  Indian  species 
of  Lachesis  and  Ancistrodon  do  not  cause  death.  In  America,  Lachesis 
and  rattle  snakes  are  dangerous  and  give  a  mortality  of  about  30  per  cent. 
In  Africa  the  cobra,  Echis,  Bitis,  and  Cerastes ,  are  the  most  dangerous. 

(/3)  The  mechanism  of  the  bite.  The  Viperidge  when  they  bite  as  a  rule  are 
able  to  inject  a  good  dose  of  venom.  The  Colubridge,  owing  to  the  small 
fangs  and  small  degree  of  rocking  of  the  maxilla,  have  difficulty  in  getting 
a  firm  hold.  These  points  have  already  been  dealt  with  under  the 
mechanism  of  the  bite. 

•  (y)  Factors  concerned  with  the  animal.  Starting  of  the  animal,  inter¬ 

position  of  fur  or  clothing,  etc. 

Although  the  snake  be  a  certainly  lethal  one,  e.  g.  a  cobra,  yet  there  are 
many  factors  that  may  prevent  a  full  fatal  dose  of  venom  being  injected  and  the 
animal  survives. 
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TREATMENT. 

(A)  Physical  remedies.  From  time  immemorial  physical  remedies  have 
formed  the  chief  line  of  treatment  for  snake-bites  and  their  name  is  legion. 
Only  three  of  them  are  based  upon  sufficient  clinical  and  experimental  investiga¬ 
tion  as  to  enable  them  to  be  thoroughly  recommended.  These  are  ligature, 
amputation,  and  artificial  respiration.  The  others,  such  as  cauterization, 
excision,  incision,  perfusion,  etc.,  are  of  little  practical  use  and  cannot  be  recom¬ 
mended. 

(i)  Ligature.  The  kind  of  ligature  used  is  of  great  importance.  A  piece 
of  rubber-tubing  is  the  best  as  the  pressure  on  the  limb  is  uniform  and  therefore 
most  effective.  With  a  cotton  bandage  the  pressure  is  not  uniform  and  a  leakage 
of  venom  takes  place  into  the  general  circulation  at  the  region  of  the  knots. 
The  ligature  should  be  removed  after  20-30  minutes  as  otherwise  it  may  damage 
the  circulation  and  cause  gangrene.  It  is  indeed  probable  that  few  patients 
could  tolerate  a  ligature  more  than  half  an  hour  owing  to  the  severe  pain  it 
causes.  Further,  it  is  inadvisable  to  alleviate  this  pain  by  narcotics,  as  such 
drugs  lower  the  resistance  of  the  respiratory  centre.  The  value  of  immediate 
and  efficient  ligature  is  very  considerable  after  viperine  bites,  especially  from 
those  vipers  whose  venom  contains  a  large  amount  of  thrombase.  In  many 
instances  it  will  save  life  although  no  other  measure  be  employed.  By  pro¬ 
moting  local  thrombosis  it  locks  up  the  venom  and  increases  the  opportunity 
for  the  application  of  local  as  well  as  systematic  remedies.  In  colubrine  poison¬ 
ing  the  usefulness  of  ligature  is  strictly  limited.  Its  effect  is  temporarily  to 
lock  up  the  venom  within  the  limb  as  long  as  the  ligature  is  applied  ;  it  therefore 
only  increases  the  death  time  interval  and  does  not  save  life.  By  increasing  the 
death  time,  it  allows  local  and  systemic  remedies  to  be  better  employed. 
Before  leaving  this  subject  it  is  necessary  to  point  out  that  a  ligature  must  be 
tied  in  a  region  where  only  a  single  bone  is  present.  Where  two  bones  are  present 
it  is  impossible  completely  to  cut  off  the  circulation  as  the  pressure  is  not  suffi¬ 
cient  to  control  the  vessels  lying  deep  between  the  two  bones. 

(ii)  Amputation.  It  is  clear  from  what  has  already  been  said  about  liga¬ 
tures,  that  amputation  would  be  a  very  efficient  measure.  Where  such 
a  measure  could  be  carried  out  immediately,  e.  g.  bites  on  the  fingers  or  toes, 
a  tight  ligature  followed  by  amputation  above  the  ligature,  if  antivenene  were 
not  available,  would  save  almost  every  case  of  viperine  bite.  The  only  question 
is,  whether  such  a  drastic  remedy  is  necessary.  In  the  case  of  bites  from  the 
Indian  species  of  Lachesis  and  Ancistrodon  the  chances  of  death  are  remote 
even  if  no  treatment  is  given.  In  cases  of  Echis  bite  the  mortality  amongst 
untreated  cases  is  low.  In  the  case  of  a  good  bite  on  the  finger  from  an  adult 
Russell’s  viper,  ligature  followed  by  antivenene  is  the  best  line  of  treatment. 
An  amputation  to  be  effective,  must  be  performed  before  the  ligature  is  removed. 
In  the  case  of  colubrine  bites,  the  position  is  entirely  different.  We  are  dealing 
with  venom  which  has  no  tendency  to  become  localized  at  the  site  of  inoculation 
by  thrombosis,  but  rapidly  diffuses  into  the  general  circulation.  The  only  effect 
a  ligature  produces  is  temporarily  to  hold  up  these  venoms  within  the  ligatured 
limb.  We  must  therefore  know  the  time  within  which  a  lethal  dose  of  venom 
is  absorbed  into  the  general  circulation.  We  estimated  the  absorption  time 
to  be  10  minutes  for  man.  If  a  ligature  has  not  been  applied,  after  10  minutes 
sufficient  venom  may  have  already  entered  the  circulation  to  cause  severe 
symptoms  or  death.  The  value  of  amputation  in  colubrine  bites  is  therefore 
strictly  limited  by  the  time  that  has  elapsed  after  the  bite.  It  must  be  performed 
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within  10  minutes  or  it  will  be  ineffective.  If  a  ligature  has  been  aj^plied  at  the 
moment  of  the  bite,  then  amputation  must  be  performed  above  the  ligature, 
which  must  be  left  on  until  the  amputation  has  been  convicted.  In  the  present 
neglected  state  of  serum  therapy  for  snake  poisoning,  the  best  line  of  treatment 
for  a  good  bite  on  the  finger  or  toe  from  a  cobra  is  immediate  ligature 
followed  by  amputation.  It  is  a  crude  form  of  treatment  but  it  is  the  best  we 
possess. 

(iii)  Artificial  respiration.  The  use  of  artificial  respiration  is  confined 
to  cases  of  colubrine  bites,  as  the  heart  continues  to  beat  for  several  minutes 
after  breathing  has  ceased.  With  the  employment  of  artificial  respiration  life 
has  been  prolonged  for  as  long  as  30  hours  after  cobra  bites.  Experiments 
point  to  the  fact  that  the  combination  of  cobra  venom  with  the  nerve  cell  is 
a  loose  one  which  only  gradually  becomes  firmer.  It  is  here  that  the  role  of 
artificial  respiration  becomes  important.  We  have  shown  that  cobra  antiserum 
can  be  concentrated  to  several  times  its  present  strength,  and  can  then 
neutralize  a  full  dose  of  cobra  venom.  In  extreme  cases  artificial  respiration 
will  increase  the  time  over  which  such  a  serum  can  act  and  dissociate  this 
loosely  bound  compound  of  venom  and  nerve  cells.  At  present,  without  such 
concentrated  sera,  artificial  respiration  after  colubrine  bites  merely  tends  to 
delay  the  fatal  issue.  In  viperine  poisoning,  where  death  is  due  to  cardiac 
failure  and  secondary  haemorrhages,  artificial  respiration  is  useless. 

(B)  Local  remedies.  In  1907  Calmette  wrote  :  ‘  It  cannot  be  denied 
that  certain  chemical  substances  of  a  well-defined  composition  are  very  useful, 
not  as  regards  physiological  antidotes  to  venoms  but  as  agents  for  their  modifi¬ 
cation  or  destruction  in  the  poisoned  wound  when  they  have  not  been  absorbed. 
In  this  way  permanganate  of  potash,  chromic  acid,  chloride  of  gold,  and  the 
alkaline  hypochlorites — especially  hypochlorite  of  lime — may  be  extremely 
useful  under  many  circumstances.’ 

These  drugs  are  all  purely  local  in  their  action,  destroying  colubrine  and 
viperine  venom  in  vitro ;  but  if  inoculated  under  the  skin  they  only  destroy  such 
venom  as  lies  within  the  sphere  of  their  escharotic  action,  any  venom  outside  this 
area  passing  unchanged  into  the  general  circulation.  These  remedies  all  cause 
extensive  destruction  of  the  tissues.  In  no  sense  of  the  word  are  they  ‘  specific 
antidotes  ’ ;  their  action  is  merely  one  of  chemical  neutralization  by  precipitation 
or  oxidization,  and  they  destroy  indiscriminately  both  venom  and  tissues.  Our 
experiments  have  shown  :  that  the  immediate  injection  of  10-20  c.e.  of  a  1  or 
5  per  cent  solution  of  gold  chloride  is  the  most  efficient  of  these  local  remedies. 
In  some  cases  this  measure  alone  will  save  life.  In  others  it  will  reduce  to  a 
minimum  the  amount  of  venom  which  has  to  be  dealt  with  by  antisera.  The 
value  of  injections  of.gold  chloride  is  strictly  limited  by  two  factors — the  necessity 
of  injecting  it  before  a  fatal  dose  of  venom  is  absorbed,  and  the  fact  that  only 
venom  that  actually  comes  in  contact  with  it  will  be  destroyed.  Gold  chloride 
must  therefore  be  injected  before  a  M.L.D.  has  been  absorbed  into  the  circulation; 
this  occurs  in  about  10  minutes  in  man.  An  efficient  ligature,  if  kept  on  for 
half  an  hour,  increases  the  time  limit  of  10  minutes  to  30-45  minutes.  Subcu¬ 
taneous  injections  of  these  remedies  give  better  results  than  incisions  and 
rubbing  in  moistened  crystals.  These  reagents  exert  a  more  intense  action 
on  large  doses  of  venom  in  concentrated  solutions  than  when  acting  on  small 
doses  in  dilute  solutions.  Where  large  volumes  of  fluid  cannot  be  injected,  e.  g. 
with  bites  on  toes  and  fingers,  two  lines  of  procedure  are  open.  Either  the  area 
of  the  bite  should  be  well  opened  up  and  crystals  of  permanganate  (preferably 
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zinc)  rubbed  in  ;  or  an  injection  of  0-5  to  1  c.c.  of  a  concentrated  solution 
(10-15  per  cent)  of  gold  chloride  should  be  given  into  several  sites  around  the 
punctures.  We  are  inclined  to  think  the  latter  method  the  better.  All  these 
drugs  destroy  viperine  venoms  far  more  effectively  than  colubrine  venoms, 
whilst  after  bites  from  vipers  the  time  interval  available  for  their  successful 
administration  is  longer.  In  the  case  of  viperine  bites,  local  injections  should 
always  be  given,  as  incisions  only  increase  the  patients’  suffering.  Intravenous 
injections  of  these  drugs  are  not  only  useless  as  they  have  no  systemic  effect, 
but  are  highly  dangerous  for  they  cause  intravascular  clotting  and  pulmonary 
embolism. 

In  the  treatment  of  bites  from  poisonous  snakes,  these  local  remedies  form 
our  first  line  of  defence  ;  and  are  only  successful  if 

(i)  the  injections  be  given  before  a  lethal  dose  has  entered  the  circulation, 
i.  e.  10  minutes  without  a  ligature  or  half  an  hour  with  a  ligature  ; 

(ii)  the  site  of  the  bite  be  suitable  for  injecting  from  10-15  c.c.  of  a  1  per  cent 
solution  of  gold  chloride,  i.  e.  leg  or  forearm  ; 

(iii)  an  endeavour  be  made  to  permeate  the  whole  of  the  local  venom  area 
with  the  injection. 

Once  a  fatal  dose  of  venom  has  left  the  site  of  the  bite  and  entered  the  general 
circulation,  the  administration  of  local  remedies  is  of  little  use. 

(C)  Serum  therapy.  Antivenenes  are  all  specific  for  the  venom  and  for 
that  venom  only  which  has  been  used  in  the  immunization  of  the  animal. 
Thus  a  cobra  antivenene  will  only  neutralize  cobra  venom  and  has  no  action  on 
krait  venom.  The  following  antivenenes  have  been  prepared  for 

India  :  Lamb’s  mixed  cobra  and  Russell’s  viper  antivenene  ; 

Stevenson’s  pure  Echis  antivenene. 

America  :  Noguchi’s  pure  Crotalus  antivenene  ; 

Noguchi’s  pure  Ancistrodon  antivenene  ; 

Brazil’s  pure  Crotalus  horridus  antivenene. 

Australia  :  Tidwell’s  pure  Notechis  antivenene  ; 

Japan  :  Kitajima’s  pure  Lachesis  riukianus  antivenene. 

These  antivenenes  should  always  be  given  intravenously,  for  this 
method  is  four  times  more  efficacious  than  the  subcutaneous.  In  viperine 
poisoning,  owing  to  the  rapid  fixation  of  the  haemorrhagin,  antivenene  should 
be  given  as  soon  as  'possible.  In  colubrine  poisoning  the  fixation  of  neuro¬ 
toxin  is  slow  so  that  antivenene  is  efficacious  up  to  two-thirds  of  the  death 
time. 

The  dose  of  antivenene  required  is  dependent  on  the  amount  of  venom 
injected  by  the  various  poisonous  snakes,  and  whether  the  antivenene  is  given 
intravenously  or  not.  The  following  doses  are  approximate  for  the  intravenous 
route : 

After  Russell’s  viper  bites  from  80  to  160  c.c.  of  the  specific  antivenene. 

After  cobra  bites  ,,  100  to  400  c.c.  ,,  ,,  ,, 

After  Echis  bites  ,,  25  to  80  c.c.  ,,  „  „ 

or  as  a  rough  guide  for  the  other  species  of  snakes,  from  1-25  to  2  c.c.  should  be 
injected  for  each  milligramme  of  dried  venom  inoculated.  At  present  these 
antivenenes  are  of  very  low  potency  and  much  could  be  done  to  concentrate 
them.  The  dosage  could  be  reduced  to  a  tenth  of  that  in  use  at  present,  which 
would  make  the  treatment  by  antivenenes  more  practical.  The  400  c.c.  given 
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above  as  the  maximum  dose  of  serum  for  cobra  bites  is  not  sufficient  to  neutralize 
all  the  venom  injected  at  a  good  bite,  but  400  c.c.  is  probably  as  much  serum  as 
a  human  being  can  stand. 

After  viperine  bites  the  whole  dose  of  antivenene  should  be  given  at  once, 
as  delay  by  intermittent  dosage  may  lead  to  fatal  consequences.  After  cobra 
bites,  intermittent  dosage  does  not  materially  affect  the  cure ;  thus  100  c.e. 
can  be  injected  intravenously  as  soon  as  the  case  is  seen,  the  patient  is  then 
watched;  if  symptoms  progress  another  100  c.c.  of  serum  can  be  given,  and  so  on 
until  the  maximum  dose  of  serum  is  reached. 

(D)  Treatment  of  special  symptoms. 

(i)  Cardiac  failure  due  to  vasomotor  paralysis.  Rogers  recommends  a  firm 
binder  to  the  abdomen  and  legs  to  maintain  the  cerebral  circulation,  and 
repeated  injections  of  adrenalin  to  cause  vaso-constriction. 

(ii)  Haemorrhages  are  best  treated  by  large  doses  of  calcium  salts. 

(iii)  Respiratory  failure  in  colubrine  poisoning,  by  artificial  respiration  when 
breathing  ceases,  this  will  allow  the  antivenene  longer  time  to  fix  the 
venom. 

(iv)  Prevention  of  secondary  infections  after  viperine  bites  must  be  carried 
out  on  ordinary  surgical  lines. 

PROPHYLAXIS. 

The  difference  in  the  incidence  of  snake-bites  amongst  natives  of  the  tropics 
and  Europeans  is  largely  due  to  the  better  class  of  houses  in  which  Europeans 
live,  and  also  to  protection  afforded  by  boots,  etc.  In  country  districts  the 
houses  with  thatched  roofs  and  ceiling  cloths  are  invariably  infested  with  snakes 
and  rats.  Well-built  houses  do  not  afford  a  suitable  refuge  for  snakes,  and  they 
can  be  entirely  prevented  from  entering  a  house  by  providing  a  gravel  path  round 
the  building,  protecting  the  sink  holes  by  wire  gauze,  and  the  doors  by  raised 
lintels.  Flower  pots  should  not  be  stacked  on  the  verandas  in  districts  where 
snakes  abound.  During  shooting  expeditions  the  legs  should  always  be  pro¬ 
tected  by  putties  or  gaiters,  and  one  should  never  sleep  on  the  ground  if  it  can 
be  avoided.  In  places  wffiere  Russell’s  vipers  are  common,  to  wander  about  at 
night  without  a  light  and  stick  is  very  dangerous  as  these  reptiles  do  not  move 
out  of  the  way  readily  and  strike  if  approached.  In  snake-infested  regions, 
a  rubber  ligature,  a  syringe  with  gold  chloride  and,  if  possible,  antivenene 
should  always  be  carried — this  may  be  required  at  any  time  for  one’s  beaters 
or  coolies. 

Rewards  for  the  destruction  of  snakes  in  India  are  of  very  little  use,  as  the 
ordinary  Indian  is  averse  to  killing  snakes  either  from  religious  scruples  or  fear. 
A  small  reward  leads  to  very  few  snakes  being  killed,  whilst  if  the  reward  is 
increased  regular  professions  are  created  to  breed  snakes  and  obtain  the 
reward. 

The  introduction  of  the  mongoose  ( Herpestes  ichneumon ),  herons  known  in 
Columbia  as  the  Culebrero  and  Guacoba,  and  the  pig  (Sus  scrofa)  has  been 
.  suggested  as  a  possible  remedy  to  rid  snake-infested  districts.  With  the  march 
of  civilization  snake-bites  amongst  natives  of  the  tropics  will  become  as  rare 
as  amongst  Europeans. 
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VEGETAL  AND  FISH  POISONING  IN  THE  TROPICS 
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Synopsis  :  Introduction,  p.  763.  I.  Vegetal  Poisoning  (plants  in  alphabetical  order), 
p.  764  ;  II.  Fish  poisoning:  Due  to  ingestion  of  toxin,  p.  790  ;  Due  to  inoculation  of  toxin, 
p.  794. 

INTRODUCTORY. 

Before  we  begin  to  treat  of  Tropical  Poisons  in  detail,  it  would  be  advisable 
to  define  to  some  extent  the  scope  of  our  subject.  It  would  be  quite  impossible 
in  the  space  at  our  command  to  deal  with  all  the  poisons  used  in  the  tropics 
for  homicidal,  suicidal,  and  other  criminal  purposes,  together  with  those  taken 
accidentally.  We  shall  be  obliged  to  confine  our  remarks  to  those  poisons  which 
have  come  to  be  regarded  as  practically  confined  to  tropical  countries,  and, 
in  fact,  it  will  only  be  possible  to  deal  with  a  certain  proportion  of  these.  Thus, 
for  example,  arsenic  probably  accounts  for  more  fatalities,  at  all  events  in  the 
East,  than  all  the  organic  poisons  added  together.  Nevertheless  this  drug  cannot 
be  regarded  as  a  tropical  poison.  In  fact,  the  only  inorganic  poison  the  use 
of  which  appears  to  be  almost  entirely  confined  to  tropical  countries  is  powdered 
glass,  the  modern,  cheaper  and  more  readily  procurable  substitute  for  diamond 
fragments  employed  in  palmier  days  in  India.  Powdered  glass  is  sometimes 
used  still,  in  the  West  Indies  at  all  events,  but  rarely  succeeds  in  producing 
the  result  desired.  The  reason  being  that  the  preparation  is  clumsily  carried 
out  by  attempting  to  powder  a  coarse  fragment  of  a  soda-water  bottle  with 
a  stone.  The  result  is  not  a  powder  but  fragments  of  almost  macroscopic  size, 
so  that  the  foreign  substance,  which  is  usually  placed  in  soup,  is  detected  by  its 
grittiness  before  being  swallowed,  and  the  attempt  at  poisoning  therefore 
proves  abortive. 

Again,  certain  organic  poisons,  such  as  strychnin,  belladonna,  opium,  though 
the  plants  are  met  with  in  the  tropics,  cannot  be  looked  upon  as  special  tropical 
poisons,  and  since  full  details  of  their  character,  actions,  antidotes,  and  so 
forth  are  given  in  the  standard  works  on  toxicology  they  will  not  be  included 
in  the  present  article  except  where  special  points  in  connexion  with  them 
may  be  considered  as  peculiar  to  the  tropics  (see  Arrow-Poisons). 
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Even  after  making  these  exclusions  the  number  of  poisons  which  may  be 
regarded  as  confined  to  the  tropics,  or  practically  so,  is  large,  and  of  this  number 
some  are  met  with  so  rarely  as  to  constitute  medical  curiosities  when  cases 
arise  ;  in  others  the  active  principles  have  not  yet  been  isolated  or  their  chemical 
properties  have  not  been  worked  out,  so  that  all  we  know  of  them  is  the 
fact  that  they  are  poisons  producing  certain  symptoms,  and  the  treatment  of 
such  cases  of  poisoning  is  largely  symptomatic  and  empirical  at  present.  The 
field  is  a  wide  one  and  the  opportunities  for  research  excellent  for  the  clinician 
and  general  practitioner  in  the  tropics,  for  the  pathologist  and  the  chemist, 
as  well  as  for  the  toxicologist. 

Next,  with  regard  to  the  classification  of  the  tropical  poisons,  various 
methods  have  been  suggested,  but  none  of  them  are  altogether  satisfactory. 
If  we  attempt  to  classify  them  according  as  they  are  used  with  homicidal  intent 
or  for  purposes  of  suicide,  or  are  taken  accidentally,  considerable  overlapping 
must  arise. 

Again,  if  a  classification  is  attempted  on  the  basis  of  locality,  a  similar 
difficulty  will  be  encountered,  since,  with  some  exceptions,  the  same  poisonous 
plant  may  grow  in  the  East  and  the  West. 

A  third  method,  viz.,  classification  according  to  action,  though  satisfactory 
enough  when  treating  of  mineral  poisons,  is  much  less  so  when  we  come  to  deal 
with  toxic  plants,  for  the  latter  often  contain  more  than  one  poisonous  principle, 
and  these  may  have  different  actions  when  ingested  ;  in  one  case,  for  example, 
gastro-intestinal  symptoms  being  prominent,  in  another  a  narcotic  effect 
masking  all  other  manifestations. 

We  think  it  best,  therefore,  both  for  purposes  of  description  and  for  ease 
of  reference,  to  take  the  various  poisonous  plants  in  alphabetical  order  and 
to  state,  when  occasion  requires,  the  mode  of  use,  the  actions  produced,  and 
the  localities  where  they  may  be  met. 

I.  VEGETAL  POISONING. 

ABRUS  PRECATORIUS  (Leguminosse).  The  juice  of  this  plant,  known 
popularly  as  4  wild  liquorice  ’,  is  a  powerful  irritant  to  mucous  membranes. 
A  preparation  made  from  the  seeds,  jequirity  seeds,  John  Crow  beads  (West 
Indies),  is  used  in  India  for  killing  cattle.  The  natives  employ  it  for  the  purpose 
of  obtaining  the  hides  to  sell  to  those  engaged  in  the  leather  trade.  The  name 
given  to  this  is  4  sui-poisoning  ’  (sui  =needle).  Of  late  j^ears,  at  all  events,  the 
sui  has  been  used  also  for  homicidal  purposes.  The  suis  are  small  spikes  made 
from  the  ground-up  seeds  of  Abrus  precatorius.  The  seeds  contain  a  poison 
which  is  harmless  or  nearly  harmless  when  swallowed,  but  which  is  intensely 
poisonous  when  administered  subcutaneously.  The  sui  is  mounted  loosely  in 
a  wooden  holder  with  which  the  animal  is  struck.  The  sui  remains  behind 
beneath  the  skin.  A  case  of  homicide  is  reported  in  which  a  man  was  awakened 
by  feeling  something  pricking  his  cheek.  He  extracted  the  sui  immediately, 
but  died  two  days  later. 

It  is  more  than  possible  that  some  of  these  cases  are  never  diagnosed,  for 
the  sui  may  be  unrecognized  in  the  local  inflammation  which  ensues,  and  this 
latter  is  very  likely  and  excusably  attributed  to  an  infected  bite  of  some  insect. 

Abrin,  the  active  principle  of  the  poison  obtained  from  the  seeds,  belongs 
to  a  group  of  substances  known  as  phytotoxins  (other  members  being  ricin, 
crotin,  robin,  and  possibly  the  poisonous  principle  of  Blighia  sapida).  The 


VEGETAL  AND  EISH  POISONING  IN  THE  TROPICS 


765 


action  of  these  strongly  resembles  that  of  bacterial  toxins,  causing  a  lowering 
of  temperature  after  a  preliminary  rise,  albuminuria,  and  in  some  cases 
convulsions.  Pathologically,  abrin  causes  agglutination  of  erythrocytes,  some 
degree  of  haemolysis  and  local  cell  destruction.  Thus,  punctiform  haemorrhages 
are  found  on  the  serous  surfaces  ;  there  is  a  general  enlargement  of  the  lymphatic 
glands,  Peyer’s  patches  are  prominent,  the  spleen  swollen  and  dark. 


Fig.  315.  Abrus  precatorius  Linn.  ‘Wild  Liquorice’,  ‘Crab’s  Eyes’, 

‘John  Crow  Bead’. 

ACONITUM  (Ranunculaceac).  There  are  many  species  of  aconite,  all  of 
them  poisonous,  but  not  to  the  same  degree.  Aconitum  napellus  grows  in 
Britain,  where  it  is  known  by  the  popular  names  of  Monkshood  (from  the 
peculiar  hood-shaped  appearance  of  the  flower)  and  Blue-rocket. 

In  India  the  drug  sold  in  the  bazaars  as  4  bish  5  or  4  bikh  ’  is  the  product  of 
Aconitum  ferox  and  several  other  species,  which  grow  in  the  Himalayas  ;  and 
the  4  bhi  ’  or  4  bis  ’  arrow-poison  used  by  the  Mishmis  of  the  north-eastern 
frontier  is  extracted  from  A.  lethale,  which  occurs  in  the  higher  parts  of  the 
Mishmi  mountains. 
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Aconitum  japonicum  (often  confused  with  A.  Fischeri,  which  is  a  native  of 
Kamchatka)  is  the  source  of  an  arrow-poison  used  by  the  Ainos  of  Japan. 

The  poison  is  present  in  all  parts  of  the  plant,  leaves,  stem,  and  root,  but 
the  chief  source  of  poison  is  the  last  named.  It  has  been  the  cause  of  accidental 
poisoning  through  its  being  mistaken  for  horse-radish,  and  this  resemblance 
has  also  been  taken  advantage  of  for  the  administration  of  the  poison  for 
homicidal  purposes.  This  mistake  of  confusing  horse-radish  with  aconite  should 
not  be  made,  for  the  points  of  distinction  are  fairly  marked  ;  thus  the  former 
is  much  longer  (6-12  inches  (15^-31^-  cm.)  as  against  3  inches  (7-J  cm.)  as  an 
average  in  aconite)  ;  it  is  cylindrical  in  shape,  whereas  aconite  is  conical  ; 
it  is  pale  yellow  in  colour  and  does  not  change  if  scraped  and  exposed  to  the 
air,  whereas  aconite  root  is  darker  and  the  scraped  surface  turns  pink  ;  the 
former  never  has  secondary  roots  attached,  whereas  the  latter  may  ;  horse¬ 
radish  has  a  pungent,  mustard-like  taste  and  does  not  produce  any  numb 
sensation  of  the  tongue  and  oral  mucous  membrane,  whereas  aconite  has 
a  slightly  bitter  taste  and  causes  tingling  and  numbness  lasting  for  a  consider¬ 
able  time. 

The  poison  is  a  powerful  one  ;  30  gr.  (2-0  grm.)  of  the  root  is  stated 
to  be  a  fatal  dose,  and  60  gr.  (4-0  grm.)  has  certainly  killed  in  six  to  eight 
hours. 

Aconite  is  used  as  an  arrow-poison,  as  already  stated,  by  some  Himalayan 
tribes,  and  in  Japan  the  Ainos  use  it  mixed  with  tobacco.  The  Abor  arrow- 
poison,  which  was  formerly  believed  to  consist  of  aconite,  is  probably  Croton 
(see  under  Arrow-Poisons). 

Symptoms.  These  may  be  divided  into  those  due  to  direct,  local  action 
of  the  poison  and  those  arising  from  its  absorption.  Thus,  there  are  tingling 
and  numbness  of  the  lips,  tongue  and  throat  with  a  sensation  of  swelling  of 
the  fauces  and  resultant  difficulty  in  swallowing  ;  a  burning  pain  in  the  stomach 
with  nausea,  perhaps  actual  vomiting,  and  purging.  As  absorption  takes  place 
the  symptoms  become  more  general.  The  sensation  of  tingling  and  numbness 
spreads  all  over  the  body,  with  stabbing  pains  in  the  limbs,  twitching  of  muscles 
and  general  prostration,  cold  clammy  perspiration,  vertigo,  restlessness,  and 
dimness  of  vision.  The  temperature  falls,  the  pulse  becomes  weak  and  irregular, 
respiration  laboured  ;  a  condition  of  drowsiness  amounting  perhaps  to  actual 
stupor  supervenes,  accompanied  in  some  cases,  but  not  in  all,  by  convulsions. 
Sometimes  the  heart  continues  to  beat  after  respiration  has  ceased. 

There  is  nothing  characteristic  or  definite  in  the  post-mortem  appearances 
(unless  fragments  of  the  root,  leaves,  etc.,  are  found).  The  stomach  and  upper 
part  of  the  intestines  may  be  congested  or  injected, and  there  maybe  congestion 
of  the  viscera — lungs,  kidneys,  spleen — and  cerebral  vessels. 

Treatment  consists  in  evacuation  of  the  stomach  by  lavage  and  the  ad¬ 
ministration  of  stimulants  such  as  brandy  or  camphor  in  olive  oil  (1-3  parts 
in  10)  hypodermically. 

The  best  drug  to  give  as  an  antidote  is  digitalis  hypodermically  ;  as  much 
as  25  minims  (1-5  c.c.)  of  the  tincture  may  be  injected. 

ARISiEMA  (Aracere).  This  plant  is  allied  to  the  Arum  maculatum ,  resem¬ 
bling  it  in  its  inflorescence  ;  the  former  (A.  maculatum)  is  familiar  in  England 
under  the  name  of  c  lords  and  ladies  ’. 

The  toxicity  of  this  plant  is  great,  as  is  shown  by  the  fact  that  a  patient, 
although  she  had  eaten  only  a  small  piece  of  the  tuber  and  was  promptly  treated 
by  lavage,  passed  into  a  drowsy,  stuporous  condition  a  few  hours  later  with 
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paresis  of  the  limbs  and  distension  of  the  abdomen.  Recovery,  however,  took 
place  in  24  hours  or  so. 


ARROW-POISONS.  These  have  been  divided  into  poisons  of  animal  origin 
and  those  derived  from  plants.  The  former  are  rarely,  if  ever,  used  alone. 
Thus,  the  venoms  of  snakes,  spiders,  scorpions,  and  so  forth,  are  generally 
mixed  with  one  or  other  of  the  vegetal  poisons,  usually  some  member  of  the 
Apocynacese  or  Euphorbiaeese.  The  Togoland  natives  and  South  African 
Bushmen  are  said  to  use  the  heads  of  adders  and  vipers  powdered  after  burning 
(thus  incidentally  destroying  the  venom).  Other  forms  of  animal  poison  are 
a  cutaneous  secretion  from  a  tree-frog,  the  Phyllobates  cliocoensis,  used  by  the 
Chaco  Indians,  and  a  poison  obtained  from  the  viscera  of  a  caterpillar  which  sets 
up  symptoms  similar  to  those  of  snake  venom  and  used  in  South-West  Africa. 

In  addition  to  these  we  may  mention  that  decomposing  fish,  flesh  and 
animal  secretions  are  sometimes  employed  mixed  with  poisons  of  vegetal 
origin,  as  in  the  Manbhum  arrow-poison  of  Chota-Nagpur,  India.  Also  toad 
venom,  obtained  by  heating  the  live  toad  over  a  slow  fire  till  the  cutaneous 
glands  excrete  the  venom,  is  used  by  natives  of  the  Atrato  valley,  in  Colombia. 
Again,  in  South-West  Africa  the  Hottentots  and  Bushmen  make  use  of  the 
larvae  of  a  beetle,  the  Diamphidia  locusta.  Finally,  in  some  tropical  countries, 
more  especially  in  the  Belgian  Congo,  earth-poisons  containing  vibrios  and 
B.  tetani  are  employed. 

The  chief  vegetal  substances  used  as  arrow-poisons  are  derived  from  the 
genera  Acocanthera,  Strophanthus ,  Adenium,  various  species  of  Strychnos,  the 
Urticaceae,  Ranunculaceae  and  the  Euphorbiaceae.  The  first  three  and  the 
last  are  largely  employed  by  natives  of  Africa- — South,  East,  West,  and  Central 
— the  Somalis,  the  Wanyika,  Wakamba,  Masai  and  others  ;  the  fourth  is 
made  use  of  in  Asia,  by  the  Perak  natives,  and  by  tribes  in  the  Amazon  and 
Orinoco  districts  ;  the  fifth  in  Borneo  and  Indo-China  ;  the  sixth  in  India  where 
also  Croton  is  probably  employed. 

A  few  remarks  are  called  for  on  each  of  these  poisons. 

1.  Several  species  of  Acocanthera  are  used  for  making  the  poison  ;  for 
example,  the  ‘  Wabayo  ’  or  4  Ouabaio  ’  poison  of  the  Somalis  is  made  from  the 
roots  of  Acocanthera  Schimperi  ( A .  ouabaio )  ;  and  other  East  African  tribes 
prepare  poisons  from  the  roots  of  A.  Schimperi,  A.  Deflersii,  and  A.  venenata. 
The  poison  from  A.  Schimperi  is  of  a  dark  tarry  consistence,  the  active  principle 
being  ouabain,  a  glueoside.  To  the  extract  from  the  Acocanthera  are  added 
other  vegetal  extracts  and  sometimes  snake  venom.  The  Fra-Fra  tribes  use 
a  similar  poison,  while  South  African  Bushmen  employ  the  bark  of  the  A. 
venenata. 

The  poison  prepared  from  the  root  is  very  potent,  killing  in  a  few  minutes 
by  arrest  of  the  heart’s  action  ;  earlier  symptoms  are  rapid,  laboured  breathing 
with  convulsions.  That  made  from  the  bark  produces  loss  of  muscular  power 
and  similar  symptoms  to  the  above,  but  without  convulsions. 

2.  Strophanthus.  Of  this  also  many  species  are  employed,  namely  the 
common  Strophanthus  hispidus,  which  grows  very  generally  in  West  and  Central 
Africa,  the  S.  kombe,  which  yields  Kombi,  an  arrow-poison  mentioned  by 
Livingstone  as  being  used  in  Central  Africa,  the  S.  gratus  and  others.  Prepara¬ 
tions  made  from  the  seeds  of  these  plants  are  used  by  the  natives  of  the 
Congo,  Zambesi,  Guinea  coast,  Gold  Coast,  Cameroons,  and  Senegambia.  The 
symptoms  produced  are  collapse,  with  slowing  of  the  pulse  and  respiration, 
convulsions,  and  cessation  of  the  heart’s  action  in  systole. 
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3.  Adenium.  The  roots  and  branches  of  Adenium  Bcehmianum  are  used  by 
the  Ovambos  of  South-West  Africa,  and  those  of  A.  somalense  by  the  Somalis. 
These  parts  of  the  plant  are  cut  across  and  heated  until  a  stringy  sap  exudes, 
which  is  collected  by  winding  on  pieces  of  wood.  The  toxic  principle  acts  as 
a  heart  poison,  and  is  known  as  echujin,  from  the  local  name  of  the  poison 
(echuja). 

4.  Strychnos.  The  chief  arrow-poison  obtained  from  species  of  Strychnos 
is  Curari  or  Urari,  used  by  the  natives  of  the  Amazon,  Rio  Negro,  Orinoco,  and 
particularly  by  the  Macusi  Indians.  Other  names  given  to  the  same  poison 
are  Woorarii,  Cumarawa,  and  Makuri. 

The  poison  is  prepared  by  the  Macusi  from  the  bark  of  the  Strychnos  toxifera 
with  other  ingredients,  while  neighbouring  tribes  make  it  from  the  Strychnos 
cogens  or  4  arimaru  ’.  Omitting  the  ceremonial  rites,  without  which  the  native 
regards  the  poison  as  innocuous,  the  following  is  a  brief  account  of  the  method 
of  preparation  employed. 

In  addition  to  the  bark  of  Strychnos  toxifera ,  other  ingredients  are  tarireng, 
wakarimo,  and  tararemu,  apparently  all  species  of  Strychnos  ;  also  the  root 
of  muramu  ( Cissus  sp.)  and  small  pieces  of  a  tree  called  Manuca  (the  strong 
bitter  wood  of  a  species  of  Xanthoxylese). 

These  are  all  crushed  separately,  and  into  a  pot  holding  about  two  gallons 
of  water  is  thrown  first  the  bark  of  the  Strychnos  toxifera.  A  fire  previously 
lighted  beneath  the  pot  is  not  allowed  to  go  out  until  the  whole  process  is 
completed.  As  soon  as  the  water  begins  to  boil  there  is  thrown  at  intervals 
a  handful  of  the  other  ingredients  with  the  exception  of  the  muramu  root. 
The  fire  is  kept  up  sufficient  to  maintain  the  water  at  simmering-point,  and  the 
scum  which  forms  from  time  to  time  is  carefully  removed. 

The  muramu  root  is  then  soaked  in  the  boiling  mixture  and  a  slimy  juice 
pressed  out. 

The  heat  is  kept  up  for  24  hours,  the  resulting  compound  being  about 
a  quart  of  thick,  dark,  coffee-coloured  extract.  This  is  next  strained  into  flat 
vessels  and  exposed  to  the  sun  for  three  hours.  The  expressed  juice  of  muramu 
is  then  added  and  the  poison  curdles  to  a  jelly  or  thick  treacly  mass.  In  three 
days  it  becomes  hard,  and  the  preparation  is  complete. 

Tested  by  a  minute  quantity  inserted  on  a  pinpoint  into  the  toe  or  tip  of 
the  tail  of  a  lizard,  death  resulted  in  ten  minutes,  while  a  fowl  died  in  three 
minutes. 

The  natives  believe  that  the  poison  loses  its  intensity  in  two  years  (this  was 
disproved  by  experimental  work),  but  that  it  can  be  restored  by  adding  a  small 
quantity  of  the  juice  of  the  manihot  root  (Manihot  utilissima). 

Curari  is  not  absorbed  by  the  unbroken  skin  nor  through  an  intact  mucous 
membrane,  for  the  natives,  if  they  get  any  of  the  poison  on  their  fingers  when 
placing  it  on  their  arrows,  lick  them  and  swallow  the  poison  with  impunity. 

Although  prepared  in  the  manner  described  from  varieties  of  Strychnos, 
it  has  been  proved  not  to  contain  strychnin. 

Curari  acts  by  paralysing  the  motor  end-plates  in  muscle,  thus  causing 
a  loss  of  power  of  movement,  and  death  results  from  failure  of  action  of  the 
respiratory  muscles,  aided  by  cardiac  paralysis,  due,  it  is  said,  to  ‘  curin  ’.  In 
some  cases  there  is  glycosuria.  There  is  no  known  treatment  of  any  avail. 

The  next  most  important  arrow-poison  made  from  the  Strychnos  species  is 
that  prepared  by  natives  of  the  Malay  Archipelago  from  the  Strychnos  tieute 
or  Upas  tieute.  This  causes  convulsive  effects  by  virtue  of  the  alkaloids 
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strychnin  and  brucin.  Other  species  employed  are  S.  Wallichiana  (ipoh 
aker)  and  S.  Maingayi  (aker  lampong).  The  poison  obtained  from  these 
contains  a  mixture  of  strychnin,  brucin,  and  curari,  hence  we  see  a  com¬ 
bination  of  symptoms  of  those  of  curari  already  described,  namely  paralysis  of 
the  nerve  end-plates  and  loss  of  reflexes,  together  with  the  convulsive  effects  of 
the  strychnin.  Death  occurs  from  arrest  of  cardiac  and  respiratory  action. 

5.  Of  the  Urticaceae  the  best  known  is  the  Antiaris  toxicaria,  from  which 
a  very  potent  arrow-poison  is  prepared,  denominated  ipoh,  kyass,  poon  upas  ; 
dajaksch,  the  Borneo  dart-poison,  is  of  the  same  origin.  The  poison  is  used 
by  the  Malaccan  Sakais,  the  Battaks  of  Sumatra,  the  Borneo  Dyaks,  and  the 
Mois  of  Cochin-China.  It  is  prepared  from  the  sap  obtained  by  making  incisions 
into  the  bark.  This  sap  is  then  inspissated,  and  may  be  used  alone  or  mixed 
with  the  poison  from  Strychnos  tieute,  snake,  scorpion,  and  centipede  venoms. 
The  poison  has  a  two-fold  action  :  one  on  the  heart,  with  effects  similar  to  those 
of  digitalis,  the  other  causing  4  paralysis  of  the  cerebral  nervous  system  and 
passing  clonic  spasms  of  the  voluntary  muscles  ’. 

6.  Of  the  Ranunculaceae  aconite  is  the  chief  one  used  as  an  arrow-poison. 
This  has  been  already  dealt  with  under  the  heading  of  Aconite,  to  which  the 
reader  is  referred. 

7.  Of  the  Euphorbiacese  the  Euphorbia  candelabrum ,  E.  virosa,  and  others  are 
used  by  the  Hottentots,  the  Waigogos  of  East  Africa,  and  the  South  African 
Bushmen.  The  poison  goes  by  the  name  of  4  uciunga  ’,  which  itself  means 
4  poison  \  The  active  principle  is  said  to  be  acocantherin  (ouabain). 

8.  Other  arrow-poisons  of  less  importance  than  the  foregoing  are  : 

(i)  That  obtained  from  the  bark  of  Erythrophlceum  guineense  (E.  judiciale), 
used  by  the  Pigmy  tribes.  They  mix  this  poison  with  strychnin.  The  active 
principle  of  the  former  is  the  alkaloid  erythrophlcein,  which  causes  first  a 
slowing  and  later  an  acceleration  of  the  heart-beat,  laboured  respiration  with 
dyspnoea,  and  death  by  respiratory  arrest. 

(ii)  Abor  arrow-poison  :  the  moist,  earthy-looking  substance  from  an 
arrow-head  removed  from  a  wounded  man  yielded  a  resinous  oily  body  which 
gave  the  4  croton  oil  reaction  ’  on  the  tongue,  and  when  rubbed  on  the  skin 
of  the  arm  produced  a  crop  of  papules,  with  erythema  and  itching,  but  no  pain, 
merely  a  slight  tenderness  on  pressure. 

The  residue,  after  extraction  of  this  resinous  body,  consisted  of  earthy  matter 
and  vegetable  cells  and  fibres.  There  was  no  aconite  found,  and  probably  the 
Abors  do  not  use  this  plant  for  poisoning  arrows,  but  the  idea  has  arisen  owing 
to  the  similar  burning  and  tingling  when  croton  is  applied  to  the  tongue.  The 
latter,  however,  does  not,  like  aconite,  produce  any  anaesthesia. 

This  arrow-poison,  therefore,  would  appear  to  be  made  of  a  mixture  of 
earthy  matter  with  the  pounded-up  soft  parts  of  the  Croton  tiglium,  not  the 
seeds. 

(iii)  Munchi  arrow-poison  used  by  the  Backorana  of  Northern  Nveni. 
The  nature  of  the  poison  is  not  known,  but  it  kills  by  causing  cardiac  paralysis. 

(iv)  Lunasia  amara,  used  by  the  Negritos  of  the  Philippines  ;  the  action 
of  this  is  to  set  up  convulsions  followed  by  paralysis  of  the  limbs,  embarrass¬ 
ment  of  respiration  and  arrest  of  the  heart  in  systole. 

Symptoms  in  Arrow-poisoning.  As  will  be  gathered  from  the  foregoing 
brief  descriptions  of  the  substances  used  for  poisoning  arrows  the  symptoms 
may  be  grouped  into  : 

1.  Those  acting  upon  the  heart  muscle  in  a  manner  similar  to  digitalis  ; 
e.  g.,  Antiaris  toxicaria. 
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2.  Those  paralysing  the  motor  end-plates,  like  curari  ;  e.g.,  species  of 
Strychnos. 

3.  Those  acting  on  the  heart  and  nervous  system,  like  aconite,  e.  g.,  bish. 

4.  Those  acting  on  the  nervous  system,  particularly  the  spinal  cord,  like 
strychnin  ;  e.  g.,  Strychnos  tieute. 

5.  Those  acting  like  snake-venoms. 

Treatment  of  wounds  made  by  poisonous  arrows  may  be  summed  up  in 
the  following  main  indications  : 

1.  Prevent  absorption  of  the  poison,  as  by  the  application  of  a  tourniquet 
on  the  proximal  side  of  the  wound. 

2.  Remove  the  arrow  ;  if  in  a  limb,  by  thrusting  the  barbed  head  through 
the  skin,  cutting  the  shaft  in  two,  and  withdrawing  each  part  through  its 
opening.  If  in  the  body,  by  enlarging  the  wound  and  passing  down  a  cannula 
(e.  g.,  speculum,  hollow  bamboo)  large  enough  to  encircle  the  head  and  with¬ 
drawing  the  arrow  through  the  site  of  entrance. 

3.  Neutralize  or  oxidize  the  poison  locally  by  washing  the  wound  well  with 
a  3  per  cent,  solution  of  potassium  permanganate. 

4.  Treat  special  symptoms  such  as  shock,  collapse,  cardiac  weakness,  etc., 
by  stimulation. 

A  prophylactic  dose  of  antitetanic  serum  may  be  deemed  advisable,  as  the 
dirt  on  the  arrow  may  contain  the  bacillus,  or  that  on  soiled  clothing  may  be 
carried  into  the  wound  which,  being  deep,  will  afford  suitable  conditions  for 
the  growth  of  anaerobic  organisms. 

The  table  on  pp.  772-3,  adapted  from  those  at  the  Wellcome  Bureau  of  Scien¬ 
tific  Research,  London,  gives  a  brief  summary  of  most  of  the  arrow  poisons  ; 
the  more  important  have  been  dealt  with  in  greater  detail  in  the  text. 

BLIGHIA  SAPIDA  (Sapindace^e).  The  fruit  of  this  tree  goes  by  the 
name  of  4  ackee  ’  or  4  akee  5  in  most  of  the  West  Indian  Islands,  4  vegetable 
brains  ’  in  Cuba,  4  isin  ’  in  West  Africa.  It  is  largely  used  as  food  in  Jamaica, 
but  only  exceptionally  on  the  West  Coast  of  Africa.  The  Blighia  sapida  was 
brought  to  the  West  Indies  from  the  latter  and  whether  due  to  the  soil  or  to 
cultivation  it  certainly  appears  to  have  gained  in  toxicity  since  importation. 

The  accompanying  illustration  (Plate  XXXI)  shows  that  it  is  a  handsome 
and  attractive  fruit  ;  it  is  an  excellent  food  and  quite  harmless  when  gathered 
with  caution  and  properly  prepared,  but  when  improperly  gathered,  when 
carelessly  prepared,  and  when  eaten  in  an  immature  state  it  proves  a  deadly 
poison  especially  if  soup  made  with  immature  fruit  be  taken. 

The  poison  is  contained  in  the  arilli  of  unripe  fruit,  whereas  the  mature, 
open,  and  fully  ripe  ackees  are  eaten  with  impunity  and  greatly  relished  by 
rich  and  poor  alike.  There  are  three  seeds  and  arilli  in  each  husk  and  when 
fit  for  eating  the  husk  splits,  showing  the  ivory-like  arilli  each  topped  by  a  large 
black  seed,  as  shown  in  the  illustration.  The  unopened  fruit,  represented  on 
the  right,  is  unfit  and  poisonous. 

That  the  ackee  is  poisonous  has  been  known  for  many  years  ;  it  was  very 
probably  used  by  the  obeah  men  in  days  gone  by.  Of  late  years  poisoning 
probably  only  occurred  accidentally,  but  since  the  author  discovered  and  proved 
that  the  dreaded  4  vomiting  sickness  ’  was  nothing  else  than  accidental  ackee 
poisoning,  and  notices  were  sent  out  warning  the  people  as  to  the  dangers  of 
careless  use  of  the  fruit  and  more  particularly  the  soup  made  from  boiling  the 
fruit  in  water,  there  is  reason  to  believe  that  it  is  being  brought  into  use  again 
for  purposes  of  infanticide. 
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The  arilli  are  the  parts  used  as  food,  generally  boiled  or  roasted.  Amongst 
the  better  classes  the  ackees  are  gathered  carefully,  one  by  one,  and  only  those 
which  are  properly  opened  and  appear  ripe  and  sound  in  every  way  are  taken 
for  food.  Unopened  ackees  are  not  used  by  such  people  nor  any  which  have 
not  opened  naturally  on  the  tree  on  an  uninjured  branch ;  those  forced  Open 
after  falling  from  the  tree  unopened  are  dangerous,  and  such  are  often  among 
those  brought  in  from  the  country  and  sold  in  the  markets. 

With  the  peasantry  the  procedure  is  different.  A  boy  is  sent  up  to  shake 
the  tree  and  fruit  in  all  stages  falls  to  the  ground — mature  opened  and  immature 
unopened  fruits  are  there  together.  The  4  fit  ’  ones  are  taken,  the  remainder 
being  left  on  the  ground.  Children  wandering  about  the  compound,  many  of 
them  hungry,  pick  up  some  of  the  immature  fruit,  force  open  the  husks,  eat 
the  arilli  and  are  poisoned. 

Returning  for  a  moment  to  the  fruit  left  after  removal  of  the  opened  and 

I  mature  ones  ;  of  these  some  will  soon  open  by  action  of  the  sun’s  rays — such, 
not  having  opened  naturally  on  the  tree  are  poisonous,  analogous,  one  may  say, 
to  those  forced  open.  Those  which  are  4  full  ’  and  mature  will  open  naturally  in 
a  couple  of  days  or  so  in  the  shade,  and  such,  so  far  as  the  author’s  experimental 
work  on  animals  goes,  are  harmless.  If  they  are  not  4  full  ’  they  will  not  open 
within  that  time  and  must  not  be  used  for  food. 

It  is  necessary  to  understand  the  use  of  the  terms  employed.  The  word 
4  ripe  ’  is  applied  by  the  native  as  a  general  term  to  indicate  that  the  tree  looks 
well,  that  the  fruit  is  approaching  maturity,  that  the  pods  are  red.  A  4  ripe  ’ 
tree  does  not  mean  that  the  fruit  on  it  is  ready  for  eating.  The  stages  to  that 
point  are  :  (1)  ripe,  (2)  mature  or  full,  (3)  fit  or  opened  ;  to  these  a  fourth 
may  be  added  :  the  fruit  must  contain  well-developed  arilli.  As  already  stated, 
each  fruit  contains  three  of  these  arilli  and  one  or  more  may  be  deformed  with 
small  and  poorly-developed  seeds  ;  such  are  sometimes,  at  all  events,  poisonous. 

When  the  fruit  is  boiled  in  water  the  poison  is  completely  or  almost  com¬ 
pletely  extracted.  This  boiling  should  always  be  carried  out  separately  from 
the  other  constituents  of  the  meal,  because,  if  an  immature  fruit  should  happen 
to  be  used  owing  to  careless  supervision,  the  water  or  4  soup  ’  then  contains 
the  poison  ;  the  water  in  which  they  are  boiled  should  always  be  thrown  away. 
If  other  articles  such  as  yam,  rice,  and  so  forth  are  boiled  with  it,  some  of  this 
water  (with  the  extracted  poison)  is  absorbed  by  these  other  constituents  and 
will  set  up  toxic  symptoms.  The  following  illustrates  this  very  well  :  a  family 

I  of  three  who  may  be  called  A,  B,  and  C,  partook  of  a  meal  of  potatoes,  yam, 
and  ackees.  A  and  B  had  potatoes  and  yam  only  which  were  in  a  separate  dish  ; 
C  ate  some  of  the  ackees.  All  three  were  attacked  later  with  vomiting.  When 
seen  by  the  medical  practitioner  C  was  much  collapsed  with  frequent  retching 
and  occasional  vomiting.  B  was  less  affected  and  was  improving,  but  felt 
very  sick  and  retched  occasionally.  A  was  least  affected  of  all  and  when  seen 
was  merely  nauseated.  As  soon  as  the  vomiting  came  on  they  all  took  some 
rum  (alcohol,  as  will  be  mentioned  later,  is  an  antidote  for  ackee  poisoning). 
All  three  eventually  recovered.  The  problem  as  to  the  way  in  which  A  and  B 
had  been  seized  with  the  same  symptoms  as  C,  who  alone  had  eaten  ackees, 
was  solved  on  questioning  the  cook.  She  admitted  that  she  boiled  the  ackees 
first  and  separately  in  the  usual  way  and  then,  instead  of  throwing  the  water 
away,  she  had  used  it  for  boiling  the  potatoes,  hence  the  poison  partly  removed 
by  boiling  with  the  water  had  been  again  absorbed  by  the  potatoes  and  so  had 
affected  the  whole  familv. 
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Symptoms.  The  patient — in  the  vast  majority  of  cases  a  child — in  apparently 
perfect  health,  two  hours  or  thereabouts  after  a  meal  of  which  ackee  has  formed 
a  part,  suddenly  complains  of  feeling  ill,  and  occasionally  of  pain  in  the  stomach. 
This  is  usually  mere  discomfort  and  not  actual  pain,  but  as  the  native  tersely 
puts  it,  4  him  belly  trouble  him,  doctor  He  then  vomits,  perhaps  only  once, 
perhaps  three  or  four  times  at  short  intervals.  Recovery  now  seems  to  take 
place,  and,  if  the  attack  occurs  at  night,  the  child  drops  off  to  sleep,  to  all 
appearances  quite  well  again.  Some  three  or  four  hours  later  (the  interval 
varies  and  may  be  longer)  the  child  wakes  up,  again  complains  of  feeling  sick 
and  begins  once  more  to  vomit,  usually  frothy  mucus  and  later  watery  fluid 
only,  or  it  may  be  bile-stained.  There  is  this  time  little  if  any  accompany¬ 
ing  effort,  unless  the  stomach  be  empty,  when  troublesome  retching  may 
ensue.  Within  a  very  short  time,  often  a  matter  of  a  few  minutes  only, 
convulsions  make  their  appearance,  coma  rapidly  supervenes  and  terminates 
in  death. 

Recovery  from  the  first  attack  of  vomiting  being  to  all  appearances  complete, 
a  doctor  is  not  usually  summoned  until  the  relapse  occurs.  The  majority  of 
patients,  therefore,  first  come  under  observation  during  the  convulsive  or 
comatose  stage.  The  temperature  is  normal  or  subnormal  ;  the  pulse  is  of 
good  volume,  90  to  100  per  minute  ;  respiration  26  to  30  and  regular  until 
towards  the  end  when  the  Cheyne-Stokes  rhythm  may  be  noticed.  The  pupils 
are  equal,  moderately  dilated,  and,  if  the  coma  be  not  too  deep,  react  to  light. 
There  is  no  delirium  nor  any  rigidity  but  general  limpness  of  muscles,  and  any 
movement,  such  as  turning  the  patient  for  examination  purposes,  frequently 
leads  to  a  repetition  of  the  vomiting. 

Such  is  the  picture  of  the  majority  of  cases.  In  the  rare  instances  which 
recover,  the  vomiting  is  practically  the  only  symptom.  The  author,  with  an 
experience  of  over  600  cases,  has  never  seen  a  patient  recover  when  once 
convulsions  or  coma  has  set  in.  Recovery,  when  it  occurs,  is  very  rapid.  Within 
24  hours  or  so,  a  child  who  appeared  to  be  seriously  ill  may  be  up  and  about, 
showing  nothing  but  a  little  pallor  and  debility,  as  after  any  severe  bout  of 
vomiting,  while  others  in  the  family  who  did  not  seem  any  worse  at  the  time 
have  passed  into  a  state  of  coma  and  died  in  a  few  hours. 

The  symptom  of  vomiting  calls  for  a  little  more  detailed  description.  It  is 
usually  the  first  objective  symptom,  is  accompanied  by  considerable  effort, 
and  is  repeated  at  short  intervals  ;  this  is  the  ‘  initial  ’  or  4  gastric  ’  vomiting 
and  gives  one  distinctly  the  impression  of  an  effort  by  the  stomach  to  rid  itself 
of  some  noxious  material. 

After  the  calm  interval  there  is  a  return  of  the  vomiting,  but  effortless, 
unaccompanied  in  many  cases  by  nausea.  This  is  the  4  secondary  ’  or  4  cerebral  ’ 
vomiting  and  is  followed  almost  at  once  by  other  nervous  symptoms,  twitchings, 
convulsions,  coma.  The  primary  or  the  secondary  vomiting  may  be  absent. 
Thus,  as  stated,  the  former  only  is  seen  in  cases  which  recover  ;  in  other  words, 
the  patients  never  arrive  at  the  stage  when  the  secondary,  cerebral,  symptoms 
appear.  On  the  other  hand,  this  primary  vomiting  may  be  suppressed  in  very 
rapid  and  acute  cases.  There  is  an  attack  of  vomiting  so  rapidly  followed 
as  to  be  almost  accompanied  by  the  convulsions  and  coma,  the  entire  symptoms 
being  cerebral  owing  to  the  rapid  absorption  of  the  toxin  from  an  empty 
stomach  ;  to  use  a  hibernianism,  the  secondary  vomiting  comes  first.  Death 
in  such  cases  may  occur  in  an  hour  or  even  less. 

More  rarely  the  secondary  vomiting  is  absent  ;  the  patient  may  pass  through 
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the  initial  attack  and  appear  to  improve  ;  then,  after  the  interval  of  calm, 
he  is  seized  with  convulsions,  passes  into  coma  and  dies. 

The  interpretation  of  the  train  of  symptoms  is  that  a  poison  is  taken  or  some 
substance  in  the  unfit  ackee  which  acts  as  a  poison  after  entering  the  stomach ; 
the  latter  is  more  probable  because  the  local  symptoms  do  not  appear  for  some 
two  hours  after  ingestion.  If  the  initial  vomiting  is  able  to  get  rid  of  this 
substance  no  further  symptoms  occur  and  recovery  is  rapid.  If  not,  there 
is  an  interval,  a  quiescent  period  of  absorption,  followed  by  action  of  the  poison 
on  the  higher  centres — secondary  (cerebral)  vomiting,  convulsions,  drowsiness, 
coma,  and  death. 

The  condition  is  to  a  great  extent  one  of  childhood.  Of  the  600  and  more 
cases  of  which  the  author  has  records  85  per  cent  were  under  the  age  of  15  years. 


Fig.  316.  Photomicrograph  of  section  of  liver  from  a  case  of  poisoning  by 
Blighia  sapida,  showing  intense  fatty  metamorphosis.  The  total  duration  of  the 
illness  was  less  than  12  hours. 

The  symptoms  usually  begin  about  2  hours  after  ingestion,  sometimes 
earlier  if  the  ‘  soup  ’  or  ‘  pot-water  ’  (as  the  natives  call  the  extract)  has  been 
taken  on  an  empty  stomach.  The  duration  of  illness  is  variable  ;  the  shortest 
recorded  was  35  minutes,  but  the  average  duration  from  the  first  symptom 
till  death  (including  the  intermediate  calm  period)  was  12-14  hours. 

Post-mortem  findings.  The  changes  caused  are  very  widespread  and  may 
be  briefly  summed  up  as  follows  :  Hypersemia  of  most  of  the  organs,  including 
the  meninges,  with  oedema  of  the  supporting  tissue  ;  there  is  a  tendency  to 
haemorrhages  evidenced  by  small  extravasations  in  the  liver,  kidneys,  adrenals, 
lymph-glands,  spleen,  lung  ;  the  epithelium,  particularly  of  the  kidney  tubules, 
pancreas  and  liver,  shows  necrobiotic  changes  ;  lastly,  and  most  important, 
.  there  is  a  marked  fatty  change  in  many  organs,  notably  the  liver,  which  in  the 
short  space  of  8  hours  may  be  converted  into  what  looks  like  fatty  areolar 
tissue  and  can  hardly  be  recognized  except  for  the  portal  systems  ;  the  change 
also  affects  the  kidneys,  heart  muscle  (to  less  degree)  and  the  large  cortical 
brain  cells. 

Treatment  of  the  attack.  Seeing  that  alcohol  precipitates  the  poison, 
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or  at  least  appears  to  render  it  inert,  this  should  be  given  at  the  very  onset  ; 
the  poison  will  be  ejected  at  the  succeeding  attack  of  vomiting  and  recovery 
rapidly  ensues.  Absorption,  however,  is  very  quick  and  if  the  administration 
of  alcohol  (rum,  whisky,  brandy  or  Spiritus  iEtheris,  Spiritus  Ammonise  Aro- 
maticus)  is  delayed  until  secondary  symptoms  arise,  all  chance  of  recovery 
is  lost. 

The  keeping  of  a  supply  of  medicine  containing  spirits  of  aether  and  ammonia, 
or  of  rum,  by  the  teachers  of  the  numerous  schools  in  the  country,  and  the 
administration  of  a  dose  at  the  first  onset  of  the  vomiting,  together  with  the 
dissemination  of  a  leaflet  warning  the  peasantry  of  the  stages  of  the  ackee  in 
which  the  fruit  is  dangerous,  has  led  to  the  saving  of  many  lives  during  the 
year  1918,  the  mortality  rate  being  reduced  from  nearly  90  to  27  per  cent, 
although  the  number  of  cases  was  as  high  as  in  any  of  the  previous  years. 

Prophylaxis.  Preventive  measures  can  be  inferred  from  the  description 
given  as  to  the  method  of  gathering  the  fruit  by  the  peasants.  Thus, 
when  the  tree  is  shaken  and  the  fruit  in  various  stages  falls,  the  4  fit  ’  and 
open  pods  should  alone  be  used  for  the  succeeding  meal  ;  the  mature  and 
4  full  ’  ones  should  next  be  taken  up  and  placed  in  a  shady  place  to  open,  pro¬ 
tected  from  the  direct  rays  of  the  sun,  and  any  of  these  which  do  not  so  open 
in  two  or  three  days  should  be  discarded  ;  the  immature  unopen  pods  should 
all  be  picked  up  and  taken  away,  since  they  will  never  be  fit  for  eating  ;  they 
are  best  burned  lest  they  be  found  by  children  and  inadvertently  eaten.  The 
4  soup  ’  made  by  boiling  the  fruit  with  water  should  be  thrown  away  and  not 
given  to  the  children  as  is  the  habit  of  many  of  the  peasantry,  and  finally  the 
ackees  should  be  boiled  separately  from  any  other  ingredients  of  a  meal. 

CANNABIS  SATIVA  (Indian  hemp)  grows  wild  in  the  North-Western 
Himalaya,  and  is  cultivated  throughout  India.  There  are  three  chief  prepara¬ 
tions  of  it,  viz.  Ganja,  Bhang,  and  Charas,  and  a  fourth,  Majun,  made  from 
one  or  other  of  the  former.  Ganja  consists  of  the  dried  flowering  tops  which 
are  coated  with  resin  ;  bhang  (siddhi,  putti)  consists  of  the  dried  leaves  and 
sometimes  the  stalks  ;  charas  (corresponding  to  the  hashish)  is  the  resinous 
matter  containing  the  active  principle  ;  majun  applies  to  sweetmeats  with 
a  basis  of  sugar,  milk,  and  spices,  and  containing  one  or  other  of  the  foregoing. 
The  effects  of  the  drug  may  be  induced  by  smoking,  drinking,  or  eating  it. 
For  smoking  it  is  usually  mixed  with  tobacco  and  sometimes  with  spices  such 
as  cardamom,  cloves,  musk ;  for  drinking,  a  mixture  of  leaves  and  flower- 
heads  is  made  with  black  pepper  in  water  and  filtered  through  a  cloth  ;  to 
this  also  spices  may  be  added  and,  for  those  who  have  become  too  habituated 
to  the  hemp  alone,  datura  or  opium.  Thirdly,  there  is  the  less  common  method 
of  eating  the  leaves  (ganja  or  bhang)  with  spices,  as  in  the  other  cases. 

Symptoms  produced  are  at  first  an  exhilaration,  a  sense  of  well-being, 
followed  by  usually  pleasurable  hallucinations  and  delusions  ;  narcotic  effects 
soon  supervene  with  dimness  of  vision,  giddiness,  then  drowsiness  deepening  to 
stupor,  coma,  and  death. 

Treatment  of  a  case  of  acute  poisoning  consists  in  making  efforts  to  keep 
the  patient  awake  or  to  rouse  him,  if  stuporous,  by  stimulation — strong  coffee, 
walking  between  attendants  (if  he  is  not  comatose),  faradic  current  and  so  forth. 
If  he  is  comatose  attempts  at  too  active  movement  may  kill  by  exhaustion  ; 
under  such  circumstances  the  electric  current,  ammonia  inhalation  (not  too 
strong),  injection  of  strychnin,  supplemented,  if  need  be,  by  artificial  respira¬ 
tion  must  be  considered. 
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To  the  abuse  of  this  drug  has  been  attributed,  probably  on  insufficient 
grounds,  a  considerable  percentage  of  cases  of  insanity  in  the  East,  but  in  many 
instances  the  hemp  drugs  were  probably  only  the  exciting  causes  in  an  individual 
on  the  borderland  of  insanity,  the  abuse  of  the  drug  having  roused  the  latent 
condition  into  activity.  Naturally,  the  weak-minded  and  neurotic  are  more 
susceptible,  not  only  to  smaller  doses  of  the  drugs,  but  also  to  the  acquirement 
of  the  drug  habit,  whether  opium,  ganja,  datura,  or  any  other. 

CHAILLETIA  TOXICARIA  (Chailletiacese)  grows  throughout  West  Africa, 
where  it  is  named  ‘  broke  back  ’  from  its  action  ;  the  Mendis  of  the  Hinterland 
call  it  4  magberi  ’,  the  Temnes  4  manuch  ’.  The  powdered  fruit  is  used  for 
killing  rats,  hence  the  common  name  4  ratsbane  ’. 

Symptoms  set  in  within  an  hour  of  swallowing  and  are  at  first  gastro-intestinal 
— vomiting  and  diarrhoea.  Nervous  manifestations  then  appear — tremor, 
weakness,  and  later  paralysis  of  the  legs  with  marked  tenderness  of  the  calf 
muscles  and  abolition  of  the  knee-jerks.  The  arms  are  less  affected,  though 
there  is  often  loss  of  co-ordination  in  them.  Death,  when  it  occurs,  is  due  to 
paralysis  of  the  muscles  of  respiration. 

CROTON  TIGLIUM  (Euphorbiaceaj).  The  seeds  known  as  4  purging  nuts  5 
resemble  those  of  castor  oil  ( Ricinus  communis)  but  are  larger  and  of  a  dull 
grey-brown  colour  marked  by  longitudinal  lines,  whereas  those  of  Ricinus 
communis  are  shining  and  mottled,  about  \  inch  long  by  J  inch  broad.  The 
plant  grows  throughout  tropical  Asia. 

The  toxic  principle  is  crotin,  a  member  of  the  phytotoxin  group,  the  patho¬ 
logical  action  of  which  has  already  been  described. 

Symptoms  produced  are  pain  and  a  burning  sensation  in  the  stomach, 
extending  soon  over  the  whole  abdomen,  and  accompanied  by  violent  vomiting 
and  purging,  with  vertigo,  cold  clammy  perspiration  and  collapse.  Four  seeds 
have  proved  fatal. 

The  post-mortem  signs  are  those  of  gastro-intestinal  irritation. 

Treatment.  On  general  principles  and  mainly  symptomatic. 

DATURA  FASTUOSA  (Solanace^e).  This  is  a  herbaceous  plant,  4  4  to  6  feet 
high  with  conspicuous  trumpet-shaped  flowers  and  widely-spreading  branches 
which  grows  wild  all  over  India.  4  The  fruit  is  an  oblong,  globular,  capsule, 
1-J-  inches  (4  cm.)  in  diameter,  spinous,  dehiscing  into  two  halves  containing 
a  large  number  of  seeds/ 

The  seeds  are  about  \  inch  (5  mm.)  in  length,  kidney-shaped,  with  flattened, 
rough,  and  pitted  surfaces. 

The  seed  of  capsicum  resembles  somewhat  that  of  datura,  but  is  shorter 
and  wider,  yellowish  in  colour  and  uniformly  rough  on  the  surface.  The  two 
seeds  may  be  mixed  in  curry  or  other  food  and  the  datura  thus  escape 
detection. 

Poisoning  by  datura  is  practically  confined  to  India  and  is  rarely,  if  ever, 
used  for  homicidal  purposes,  but  for  stupefying  with  a  view  to  robbery,  and 
fatal  results  may  ensue. 

Datura  alba  and  Datura  stramonium  ( =  D.  tatula)  are  used  as  well  as  the 
Datura  fastuosa. 

'Symptoms.  These  may  come  on  within  a  few  minutes  of  swallowing  the 
seeds.  The  patient  complains  of  dryness  of  the  throat,  unrelieved  by  drinking, 
and  of  giddiness,  perhaps  headache,  and  the  face  is  flushed.  He  then  becomes 
restless  and  reels  as  if  intoxicated  on  attempting  to  walk  ;  the  restlessness 
increases  and  the  patient  may  become  wildly  delirious  and  incoherent,  picking 
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at  objects  or  appearing  to  search  for  them.  The  pupils  are  widely  dilated. 
The  more  violent  delirium  later  gives  way  to  a  low  muttering  type  with  exhaus¬ 
tion  ;  coma  supervenes  and  terminates  in  death.  In  the  majority  of  cases, 
however,  the  symptoms  are  less  severe  and  recovery  takes  place  after  a  period 
of  lethargy,  the  patient  not  retaining  any  consciousness  of  the  attack. 

Treatment  consists  in  emptying  the  stomach  by  emetics  or  by  lavage  ;  in 
administering  stimulants  by  mouth,  or,  if  the  patient  is  too  deeply  comatose 
to  swallow,  by  the  injection  of  strychnin  and  digitalis.  Pilocarpin  gr.  ^ 
(0-02  grm.)  hypodermically  has  been  found  efficacious. 

GLORIOSA  SUPERBA  (Liliacese).  This  is  a  plant  widely  distributed  in 
Tropical  Asia  and  Africa,  and  is  commonly  met  with  in  Upper  Burma  (Burmese 
si-medauk),  where  the  root  is  well  known  to  possess  poisonous  properties.  It 
resembles  somewhat  that  of  the  Goa  bean  (pe-myit)  and  the  two  are  liable  to 
be  confounded  by  those  less  familiar  with  the  former,  such  as  the  inhabitants 
of  Lower  Burma,  where  the  Gloriosa  superba  is  considerably  rarer.  The  tuber 
of  the  Goa  bean,  boiled  with  oil  and  salt,  is  used  as  food  by  the  Burmans. 

The  root  of  the  Gloriosa  superba  has  an  action  similar  to  that  of  Scilla ,  and 
an  active  principle,  superbin,  has  been  isolated  from  the  former,  regarded  as 
identical  with  or  at  least  closely  allied  to  scillin.  Further  investigations,  how¬ 
ever,  have  shown  that  the  toxic  action  of  Gloriosa  superba  resembles  that  of 
aconite  rather  than  squill. 

Very  possibly  the  ‘  bruised  aconite  root  ’  with  which  the  Burmese  in  their 
retreat  before  the  British  in  1842  attempted  to  poison  the  water  supplies  may 
have  been  the  root  of  the  Gloriosa  superba  which  has  properties  so  similar  to 
aconite  that  it  goes  by  the  name  of  4  wild  aconite  \ 

Symptoms.  Tingling,  then  numbness  in  the  lips,  tongue,  and  throat  ; 
burning  pain  in  the  stomach,  numbness  of  the  skin  in  various  parts  of  the  body  ; 
intense  nausea  followed  by  vomiting,  diarrhoea  with  blood-stained  motions, 
giddiness  with  loss  of  power  in  the  limbs,  heaviness  of  eyelids,  photophobia, 
difficulty  of  breathing,  convulsions,  loss  of  consciousness,  a  feeble,  quick  pulse, 
with  cold  perspiration. 

Post-mortem  examination  reveals  marked  congestion  of  the  gastric  mucous 
membrane  and  also  of  the  viscera. 

Treatment.  Emetics,  as  sulphate  of  zinc,  and  subsequently  stimulation, 
as  by  brandy  or  strychnin. 

HIPPOMANE  MANCINELLA  (Euphorbiaceae),  the  ‘  Manchineel  tree  \ 
The  fruit  of  this,  a  native  of  the  West  Indies  and  tropical  America,  resembles 
an  apple  but  contains  a  potent  irritant  poison  the  active  principle  of  which  is 
not  known  at  present. 

Symptoms.  Severe  burning  pain  and  tenderness  in  the  mouth  and  stomach 
with  nausea,  vomiting,  and  difficulty  in  swallowing.  Within  a  few  hours  the 
lips  and  tongue  become  swollen  and  blistered  and  show  aphthous  eroded  patches. 
Blisters  may  also  be  seen  on  the  skin,  e.g.  of  the  palms.  If  the  poisoning  is 
severe  there  may  be  symptoms  of  collapse,  a  low  temperature,  rapid,  barely 
perceptible  pulse,  shallow  breathing,  and  cold  clammy  perspiration. 

Treatment.  The  general  condition  calls  for  stimulants  which,  owing  to  the 
soreness  of  the  mouth  and  difficulty  of  swallowing,  will  probably  have  to  be 
given  hypodermically.  Locally,  treatment  must  be  carried  out  on  the  usual 
lines  such  as  a  mouthwash  of  potassium  chlorate  or  glycerin  and  borax  ;  for 
the  gastric  pain  and  vomiting  bismuth  with  sodium  bicarbonate  and  dilute 
hydrocyanic  acid,  and  opium  if  necessary. 
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There  is  a  tree  belonging  to  the  same  family  growing  in  New  Caledonia, 
known  as  Fontainea  Pancheri,  whose  fruit  causes  symptoms  similar  to  those 
just  described. 

ILLICIUM  RELIGIOSUM  (Magnoliacese).  This  plant  resembles  the  star 
anise  ( lllicium  anisatum)  and  goes  by  the  name  of  4  Badiane  ’  in  China 
and  Japan  where  it  grows  in  the  neighbourhood  of  temples  and  burying 
grounds. 

In  the  Philippines  a  decoction,  denominated  4  sanki  is  made  from  the 
fruit  and  is  used  for  its  stimulating  effects. 

Cases  of  poisoning  both  by  the  I.  anisatum  (less  commonly)  and  by  the 
I.  religiosum  have  been  reported  from  the  Philippines,  Cochin  China,  and  Japan. 


Fig.  317.  Ilippomane  mancinella  L.  4  Manchineel.’ 


The  I.  anisatum  variety  is  used  medicinally,  but  the  I.  religiosum,  being  cheaper, 
is  often  substituted  for  the  former  and  is  much  more  poisonous. 

Symptoms.  Repeated  vomiting,  the  vomitus  in  some  cases  showing  streaks 
of  blood,  diarrhoea,  convulsions  with  loss  of  consciousness  ;  during  the  fits 
there  is  cyanosis  of  the  features  with  cessation  of  respiration,  retraction  of  the 
head  and  dilated  pupils.  Pains  in  the  head  and  cramps  in  the  limbs  are  also 
complained  of  ;  there  may  be  profuse  sweating,  diminution  to  actual  suppression 
of  the  urine,  marked  thirst,  and  insomnia. 

These  symptoms,  it  will  be  noticed,  resemble  in  some  particulars  those  of 
cholera,  cerebro-spinal  meningitis,  and  strychnin  poisoning  ;  the  diagnosis  in 
isolated  cases  may  be  far  from  easy. 

Treatment.  This  consists  in  the  administration  of  apomorphin  hypo¬ 
dermically,  but  is  otherwise  symptomatic,  such  as  the  use  of  sedatives  for  the 
convulsive  seizures  ;  if  the  convulsions  are  severe  inhalation  of  chloroform  may 
be*  required. 
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JATROPHA  CURCAS  (Euphorbiacese).  This  is  a  plant  common  in  the  West 
Indies  and  in  the  tropics  generally,  the  seeds  going  by  the  name  of  Physic- 
nut  In  Jamaica,  on  account  of  its  rapid  rate  of  growth,  it  is  used  by  the 


Fig.  318.  Jatropha  curcas  L.  ‘  Physic-nut.’ 


natives  to  make  fences  round  their  small  compounds.  The  4  nuts  ’  are  palatable 
and  taste  very  like  a  sweet  variety  of  almond. 

The  JATROPHA  MULTIFID  A,  or  4  French  physic-nut 5  (Plate  XXXII), 
is  also  cultivated  in  the  West  Indies  for  ornament,  while  the  JATROPHA 


PLATE  XXXII 


Jatropha  multifida  L.  “  French  Physic-nut,”  “  Coral  Plant.” 


; 

- 
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Fig.  319.  Jatropha  gossypifolia  L.  ‘  Wild  Cassava  4  Belly-ache  Bush  \ 
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GOSSYPIFOLIA,  another  species  of  physic-nut,  goes  by  the  name  of  4  belly¬ 
ache  bush  ’  in  Jamaica. 

Symptoms  caused  by  eating  the  seeds  of  these  are  similar,  the  J.  multifida 
acting  more  powerfully  than  the  others.  The  action  is  that  of  a  gastrointes¬ 
tinal  irritant,  somewhat  like  that  of  Croton,  namely  nausea,  retching,  and 
severe  purging,  with  general  depression  amounting  at  times,  especially  in 
children,  to  actual  collapse,  though  no  fatal  cases  have  been  recorded. 

JATROPHA  URENS  is  another  species  of  Jatropha  which  also  grows  in  the 
West  Indies.  The  leaves  of  this  plant  are  furnished  with  irritating  and  stinging 
hairs,  causing  local  symptoms  of  smarting  and  itching  and  general  symptoms 
such  as  flushing  of  the  face,  swelling  of  the  lips,  and  a  feeling  of  faintness  and 
collapse,  with  recovery  after  an  attack  of  vomiting. 

Treatment.  Recovery  usually  takes  place  naturally  from  removal  of  the 
offending  material  by  the  vomiting  and  purging.  The  former  may  be  aided 
by  the  use  of  an  emetic  ;  if  there  is  much  collapse  stimulants,  hot  bottles,  and 
so  on  will  be  needed. 

LATHYRUS  SATIVUS,  and  perhaps  other  vetches  such  as  L.  cicera  (the  red 
vetch)  L.  clymenum  (Spanish  vetch)  whose  seeds  may  be  used  as  a  constituent 
of  flour  for  bread-making,  produce  a  condition  of  spastic  paraplegia,  known  as 
Lathyrismus.  The  causative  principle  is  not  known. 

Symptoms.  The  onset  is  insidious,  the  earlier  complaints  being  of  pain 
in  the  back,  weakness  and  stiffness  of  legs  and  consequent  difficulty  in  walking. 
The  leg  muscles  waste,  but  the  reflexes  are  increased.  There  may  be  a  girdle 
sensation  and  incontinence  of  urine. 

Treatment  in  severe  cases  is  of  no  avail  ;  in  mild  ones  amelioration  may 
follow  counter-irritation  of  the  spine  and  proper  dieting. 

Two  other  conditions  are  ascribed  to  eating  bread  made  with  faulty  flour. 
They  may  be  briefly  dealt  with  here ;  they  are  known  as  Loliismus  and  Paspalismus. 

Lolium  temulentum  :  ‘  bearded  darnel,’  known  as  mostaki  (Punjaub),  and 
moschni  (North-West  Provinces).  Bread  made  with  flour  partly  constituted 
by  the  seeds  of  this  plant  sets  up  the  following  symptoms  :  vertigo,  staggering 
gait,  nausea,  vomiting,  dim  vision  (perhaps  green),  tremors  of  arms,  legs,  and 
tongue,  with  dysarthria  ;  a  burning  pain  in  the  mouth  and  throat,  and  general 
prostration  with  a  weak,  irregular  pulse.  No  fatal  cases  have  been  reported. 
It  is  not  known  whether  the  poisoning  may  not  be  due  to  an  associated  sym¬ 
biotic  fungus. 

Paspalum  scrobiculatum.  The  sweet  variety  of  this  (pechadi,  goraharik) 
is  harmless,  but  the  bitter  (dhome,  majara  harik,  mana  kodra)  is  considered 
poisonous.  The  eating  of  bread  in  which  the  seeds  of  this  have  been  used 
produce  symptoms  similar  to  those  of  loliismus,  but  the  depression  is  greater 
and  there  may  be  delirium,  collapse,  and  coma  ending  in  death. 

On  account  of  this  marked  similarity  of  symptoms  some  authors  doubt 
whether  paspalismus  is  a  condition  distinct  from  loliismus. 

Treatment  in  either  case  consists  of  promoting  vomiting  and  administering 
stimulants,  and  of  course,  prohibiting  the  use  of  bread  made  with  flour  con¬ 
taining  these  seeds. 

MANIHOT  AIPI  (sweet  cassava  )  and  MANIHOT  UTILISSIMA  (bitter 

cassava)  are  ground  provisions  extensively  cultivated  in  the  West  Indies.  The 
local  name  ‘  manioc  ’  is  a  corruption  of  manihot.  The  former  is  used  only  as 
a  vegetable  and  is  harmless,  while  from  the  latter  are  prepared  starch,  tapioca, 

‘  cassava  cakes  ’  and  other  products  ;  hence  the  latter  is  more  cultivated 
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than  the  former.  The  tubers  of  the  plant  are  used  ;  each  is  8  to  10  inches 
(20  to  25  cm.)  long,  and  1  to  3  inches  (2-5  to  7-5  cm.)  broad  ;  that  of  the  bitter 
variety  is  white,  that  of  the  sweet  a  yellowish  white. 

Poisoning  by  the  M.  utilissima  arises  from  the  failure  to  remove  the 
contained  glucoside  and  enzyme.  These  in  the  presence  of  water  react  to  set 


Fig.  320.  Manihot  utilissima  Pohl.  4  Bitter  Cassava.’ 

free  hydrocyanic  acid.  They  are  contained  in  the  milky  juice  which,  before 
the  tuber  can  be  used  with  safety,  must  be  thoroughly  pressed  out  after  washing, 
scraping,  and  grating.  This  4  cyanogenetic  ’  property  is  also  possessed  by  some 
varieties  of  Phaseolus  lunatus  (q.v.). 

Symptoms.  Nausea,  vomiting,  distension  of  the  abdomen,  difficult  respiration 
and  collapse. 

Treatment.  Promote  evacuation  and  administer  stimulants. 
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MOR^EA  COLLIN  A  (Iridaceje).  This,  which  grows  in  South  Africa  and  is 
known  there  as  the  4  wild  tulip  ’,  has  been  used  for  homicidal  purposes.  It  is 
now  known  under  the  name  Homeria  collina. 

Symptoms  produced  are  cardiac  distress  and  a  sense  of  constriction  in  the 
chest  ;  pain  in  the  stomach  and  abdomen  with  nausea,  retching,  and  severe 
vomiting  followed  by  coma  which  continues  for  some  hours  before  death. 
The  pulse  in  the  earlier  stages  is  intermittent,  later  it  becomes  rapid  and  weak. 

MYRISTICA  FRAGRANS  (nutmeg).  This,  a  frequently  used  flavouring 
agent,  only  causes  toxic  symptoms  when  large  doses  are  taken.  There  is 
a  widespread  belief  that  it  acts  as  an  abortifacient  and  this  is  the  usual  reason 
for  its  being  taken  in  large  amounts,  the  poisoning  effects  being  accidental. 
It  generally  fails  to  bring  about  the  desired  result  but,  acting  mainly  upon  the 
nervous  system,  sets  up  the  following  train  of  symptoms  :  vomiting,  occasion¬ 
ally  abdominal  pain  or  a  sense  of  constriction,  vertigo,  delirium  of  a  low 
muttering  type  with  hallucinations,  followed  by  stupor  which  may  be  deep. 
After  a  sleep  lasting,  it  may  be,  for  some  hours  the  patient  awakes  with  marked 
weakness,  a  feeling  of  giddiness  and  perhaps  headache,  but  recovery  is  usually 
complete  in  48  hours  or  less. 

NERIUM  ODORUM  (Apocynacese),  the  4  sweet  scented  oleander  5  known 
locally  in  India,  where  it  is  a  common  plant,  as  4  kaner  ’  or  4  karabi  ’.  All 
parts  of  the  plant  are  poisonous  but  the  root  is  most  frequently  used  for 
its  reputed  ecbolic  action  and  for  suicidal  purposes.  It  is  also  account¬ 
able  for  some  cases  of  accidental  poisoning,  but  is  rarely,  if  ever,  used  with 
homicidal  intent.  The  roots  of  the  sweet  scented  oleander  are  well  known  to 
be  very  poisonous  and  it  is  curious  that  this  property  of  the  plant  is  indicated 
in  its  vernacular  names.  The  meaning  of  the  Sanskrit  name  of  the  plant 
signifies  4  horse  destroyer  ’  while  the  Arab  and  Persian  names  have  a  similar 
meaning,  4  asses’  bane.’  The  latter  is  curious  in  view  of  the  fact  that  the  Italian 
name  for  the  European  variety  of  the  same  plant,  4  amiazza  l’asino  ’,  has  a 
similar  meaning.  The  two  chief  active  principles  are  neriodorin,  acting  upon 
the  heart,  and  karabin,  which  acts  also  on  the  spinal  cord. 

Symptoms.  Salivation,  gastric  pain,  nausea,  and  vomiting,  with  rapid 
respiration  and,  in  the  earlier  stages,  a  slow  pulse,  later  weak  and  running 
(neriodorin  action)  ;  there  are  spasmodic  twitchings  of  muscles,  cramps,  and 
tetanus-like  convulsions  with  trismus  (karabin  action)  succeeded  by  drowsiness 
deepening  to  stupor  and  coma. 

Post  mortem,  the  left  side  of  the  heart  is  found  empty  and  contracted,  the 
right  side  engorged  ;  subendocardial  petechiae  and  extravasations  may  be 
seen,  and,  except  the  brain,  all  the  viscera — lungs,  liver,  spleen,  kidneys,  etc. — 
are  congested. 

Treatment.  Evacuation  of  the  stomach  by  an  emetic  or  the  pump,  unless 
there  is  reason  to  suspect  that  the  violent  vomiting  has  removed  the  poison  ; 
even  then  a  washing  out  will  be  advisable.  If  the  trismus  is  marked  an 
anaesthetic  may  be  required. 

External  warmth — hot  bottles,  mustard  leaves  to  epigastrium — are  also 
indicated.  If  the  spasmodic  and  tetanic  symptoms  are  marked  and  severe, 
treatment  should  be  directed  along  the  usual  lines  as  for  strychnin  poisoning  ; 
chloral,  bromides,  possibly  opium  or  morphia  may  be  called  for,  while  pilo- 
carpin  has  been  recommended  as  an  antidote. 

Other  members  of  the  oleander  group  must  be  mentioned  ;  the  chief  of 
these  are  : 
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Thevetia  neriifolia  (Cerbera  Thevetia ),  a  plant  with  yellow  flowers  and  a 
greengage-like  fruit,  known  as  the  yellow  oleander,  and  as  4  wild  strychnin  ’ 
in  the  West  Indies.  The  fruit  is  picked  and  eaten  by  children,  and  sets  up  the 


Fig.  321.  Thevetia  neriifolia  Juss.  ‘Lucky  Seed’,  ‘Milk  Bush’,  ‘Sycamore’. 

train  of  symptoms  described  below.  The  Cerbera  odollam  is  similar  and  contains 
the  same  active  principle — a  glucoside,  thevetin.  The  Thevetia  ahouai  is  closely 
allied,  the  poisonous  principle  being  an  alkaloid,  thevetosin. 

The  seeds  are  mostly  used,  but  the  poison  is  present  in  the  milk-like  juice 
of  all  parts  of  the  plant. 

TROPICS  I  3  E 
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Symptoms.  These  are  firstly  gastro-intestinal ;  pain  in  the  throat  and 
stomach,  nausea  and  vomiting  ;  then  ensue  vertigo,  headache,  and  slow  heart 
action,  perhaps  40  beats  or  even  less  per  minute.  In  cases  ending  fatally  this 
bradycardia  gives  way  to  a  rapid,  weak,  irregular  pulse  and  death  occurs  from 
cardiac  failure.  Three  seeds  have  proved  fatal  in  a  little  over  12  hours. 
PHASEOLUS  LUNATUS,  the  Lima  bean. 

The  white  beans  of  this  plant  produced  under  cultivation  in  the  United 
States  and  West  Indies  are  non-toxic,  but  the  coloured  varieties,  many  of  which 
grow  partially  wild,  are  poisonous.  An  extensive  trade  with  these  beans  is 
carried  on  and  they  are  largely  used  for  food. 

Phaseolus  is  a  genus  of  the  sub-family  Leguminosse-Papilionatse,  all  of 
whose  species  are  met  with  in  warm  climates.  It  is  almost  universally  cultivated 
in  the  tropics  and  grows  wild  in  tropical  Africa,  Asia,  and  America.  It  closely 
resembles  the  ordinary  French  bean,  but  the  flowers  are  smaller,  the  pod  is 
flat,  broad,  and  somewhat  crescentic  in  shape,  containing  two  or  three  seeds. 
In  the  West  Indies  4  the  stems  are  usually  twining,  the  leaflets  ovate  pointed, 
calyx  four-toothed,  much  longer  than  the  bracteoles  and  spirally  twisted,  the 
flowers  greenish- white  and  the  seeds  purple  or  white  \ 

The  following  is  a  classification  of  the  chief  varieties  : 

1.  Java  beans.  Somewhat  shrivelled,  of  a  colour  purple-red  to  nearly  black, 
with  occasional  white  ones.  This  group  contains  hydrocyanic  acid  in  con¬ 
siderable  quantities. 

2.  Red  Rangoon  beans.  Small,  reddish  with  occasional  purple  spots.  These 
contain  traces  of  hydrocyanic  acid. 

3.  Small  white  beans,  like  small  haricots.  Usually  only  slight  traces  of 
hydrocyanic  acid  are  found  in  these  but  there  may  be  larger  quantities. 

4.  4  Lima  beans  ’,  like  large  haricots  ;  these  are  white  and,  as  stated  already 
contain  no  poison. 

Towe  beans  of  Sierra  Leone  and  the  Australian  4  bush  bean  ’  are  also 
members  of  the  Phaseolus  group. 

Cases  of  human  poisoning  by  phaseolus  beans  have  been  reported  from 
India,  Ceylon,  Mauritius,  and  elsewhere.  The  poisoning  of  cattle  by  them  has 
been  recorded  for  many  years  in  Mauritius.  The  toxic  principle  is  hydrocyanic 
acid  but  this  is  not  present  in  the  free  state  in  the  beans  ;  the  poisonous  proper¬ 
ties  are  due  to  what  is  called  4  cyanogenesis  ’  or  the  power  of  producing  hydro¬ 
cyanic  acid.  This  acid  is  produced  when  the  beans  are  crushed  and  moistened 
with  water,  as  in  the  cases  of  the  Lotus  arabicus  and  of  the  Sorghum  vulgare 
used  for  fodder  in  Egypt,  and  of  the  bitter  almond  and  cassava,  the  last  named 
being  responsible  for  several  deaths  in  the  West  Indies  every  year. 

The  beans  contain  a  glucoside — phaseolunatin — which  by  action  of  a  ferment 
with  water  splits  up  into  dextrose,  acetone,  and  hydrocyanic  acid.  The  glucoside 
and  the  enzyme  are  both  necessary  to  produce  the  poisonous  acid. 

Possibly  some  strains  of  Phaseolus  lunatus  may  contain  the  glucoside  without 
the  enzyme  and  vice  versa.  Each  would  then  be  innocuous  separately,  out 
poisonous  if  mixed.  Heating  as  in  boiling  them  for  a  meal  would  destroy  the 
ferment,  but  other  vegetables  eaten  at  the  same  meal  might  be  able  to  supply 
the  missing  complementary  ferment  and  so  cause  poisoning.  This  is  less  likely 
to  occur  in  man  than  in  animals  consuming  green  food  of  different  varieties. 

4  As  a  general  rule  P.  lunatus  produces  seeds  which  vary  in  colour  in  propor¬ 
tion  to  the  extent  to  which  the  plant  has  been  subjected  to  cultivation  ;  while 
under  partial  cultivation  the  seeds  are  usually  light  brown  or  pink  with  a  few 
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purple  spots,  when  thoroughly  cultivated  (as  in  the  United  States)  they  become 
much  larger  and  the  colour  changes  to  a  pale  cream  tint.  Coincident  with  these 
changes  of  colour  in  the  seed-coat  the  toxicity  of  the  seeds  tends  to  decrease 
with  cultivation.  The  selected  white  beans  are,  therefore,  quite  harmless.’  ■ 

There  is  reason  for  believing  that  even  the  white  ones  may  contain  a  minute 
quantity  of  hydrocyanic  acid,  though  insufficient  to  produce  symptoms,  and 
the  above  statement  is  too  definite.  Experiments  carried  out  at  Mandalay 
showed  that  some  of  the  lighter-coloured  beans  (though  not  white)  produced 
more  hydrocyanic  acid  than  many  of  darker  colour. 

To  sum  up  :  we  may  say  that  of  the  many  varieties  of  beans  of  the  Pliaseolus 
lunatus  type  the  white  may  be  regarded  as  quite  harmless,  whereas  the  coloured 
are  dangerous  on  account  of  their  cyanogenetic  properties  by  which  the  action 
of  an  enzyme  in  the  presence  of  water  is  enabled  to  split  up  a  glucoside, 
phaseolunatin,  liberating  hydrocyanic  acid.  There  appears  to  be  some  relation 
between  the  colour  of  the  testa  and  the  amount  of  acid  produced,  but  this  does 
not  hold  good  as  a  hard  and  fast  rule.  The  broad  statement,  however,  is 
warranted  that  the  dark  Java  bean  is  poisonous  owing  to  the  large  amount  of 
hydrocyanic  acid  set  free,  while  the  creamy-white  Lima  bean  may  be  eaten 
with  impunity. 

It  is  possible  but  not  yet  certain  that  the  one  component — glucoside  or 
ferment — can  exist  without  the  other. 

PHYSOSTIGMA  VENENOSUM  (Leguminosse-Papilionatse).  This  plant,  the 
seed  of  which  is  known  as  the  Calabar  bean,  is  a  native  of  West  Africa,  where  it 
is  used  in  4  trial  by  ordeal  ’.  In  the  innocent  vomiting  gets  rid  of  the  poison, 
while  in  the  guilty  death  results  from  its  retention. 

The  bean  is  reniform,  with  a  groove  along  the  convex  border  ;  is  an  inch 
(2-5  cm.)  or  a  little  more  in  length,  of  a  dark  brown  to  black  colour,  and  the 
surface  resembles  ‘  fine  morocco  leather  used  for  bookbinding  ’. 

The  active  principles  are  physostigmin  (or  eserin)  and  calabarin.  The 
former  increases  muscular  irritability,  thus  causing  twitching  of  skeletal  muscles 
and  increasing  peristaltic  action ;  it  also  enhances  vagus  irritability,  thus  slowing 
the  heart ;  it  stimulates  the  third  cranial  nerve,  setting  up  spasm  of  accommoda¬ 
tion  and  contraction  of  the  pupils. 

The  latter  (calabarin)  causes  clonic  muscular  spasms,  thus  resembling 
strychnin  in  its  action. 

Symptoms.  Within  a  few  minutes  giddiness  sets  in  with  a  feeling  of  faintness 
and  a  desire  to  vomit  which  may  be  ineffectual.  The  patient  staggers  on  attempt¬ 
ing  to  walk.  In  other  cases  there  is  pain  in  the  stomach,  vomiting,  and  perhaps 
diarrhoea.  There  is  marked  thirst  and  some  difficulty  in  swallowing  ;  the  pulse 
is  weak,  small,  and  slow  ;  there  is  a  cold  clammy  condition  of  the  skin  ;  the 
pupils  are  usually,  but  not  always  contracted  ;  there  may  be  cramps  and  clonic 
muscular  movements  from  the  action  of  the  calabarin  constituent.  Some 
patients  exhibit  drowsiness  and  stupor,  but  in  the  majority  the  higher  centres 
are  not  involved  and  the  mind  remains  clear.  The  fatal  dose  is  six  beans,  less 
in  the  case  of  a  child. 

Treatment.  The  indications  are  to  evacuate  the  stomach  and  administer 
stimulants.  As  antidotes,  atropin  and  strychnin  are  recommended,  the 
former  being  given  in  doses  of  gr.  (0-00125  grm.)  and  repeated  until  the 
physiological  effects  are  obtained — dilatation  of  the  pupils  and  a  quickening 
of  the  heart’s  action. 

•  RICINUS  COMMUNIS  (castor  oil  plant),  belonging  to  the  same  order  as 
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croton,  viz.,  Euphorbiacese  ;  the  points  of  difference  between  the  two  seeds 
have  already  been  given  under  Croton  tiglium.  The  oil  is  not  poisonous,  but 
the  residue  left  after  removal  of  the  oil  by  compression  is. 

The  active  principle  is  a  phytotoxin — ricin — other  members  of  the  same 
group  being  crotin,  robin,  and  abrin.  This  principle  does  not  cause  purging, 
hence  in  poisoning  by  castor  oil  seeds  this  symptom  may  be  conspicuously 
absent.  Two  seeds  have  proved  a  fatal  dose,  but  on  the  other  hand  two  dozen 
have  been  swallowed  with  subsequent  recovery. 

Symptoms.  Pain  of  a  burning  character  may  be  felt  in  the  throat  and 
stomach,  with  nausea  and  obstinate  vomiting,  and  in  some  cases  diarrhoea  and 
colic.  The  vomitus  may  be  blood-stained.  A  choleraic  condition  may  be  pro¬ 
duced — restlessness,  pinched  features,  cold  clammy  skin,  marked  thirst,  small 
rapid  pulse,  cramps  of  the  calves  and  abdominal  muscles — but  the  stools  do 
not  resemble  those  of  cholera.  There  may  be  a  drowsy,  stuporous  condition, 
preceded  by  vertigo,  but  in  many  cases  consciousness  is  retained  and  the 
mental  condition  clear. 

The  signs  found  post  mortem  are  those  of  gastro-intestinal  irritation,  con¬ 
gestion  and  injection  of  the  mucous  lining,  with,  in  some  instances,  distinct 
erosions  in  the  stomach. 

Treatment.  This  consists  in  evacuation  of  the  stomach  and  the  administra¬ 
tion  of  stimulants.  Otherwise  treatment  is  purely  symptomatic  :  hot  bottles  for 
the  collapse,  morphia  if  needed  for  the  pain  ;  mustard  leaves  may  suffice  to 
ease  the  abdominal  distress  without  morphia  ;  if  the  purging  is  severe  starch 
and  opium  enemata  are  called  for. 

STRYCHNOS  (Loganiaceae).  Many  species  of  Strychnos  occur  in  the  tropics; 
notably  the  S.  Nux  vomica,  S.  Ignatii  (St.  Ignatius’  bean)  and  S.  colubrina,  in 
addition  to  those  already  spoken  of  under  4  Arrow  Poisons  ’. 

Symptoms  of  poisoning  by  strychnin  and  brucin,  the  active  principles,  and 
the  treatment  (except  the  note  given  below)  are  fully  described  in  the  standard 
works  on  toxicology  and  will  not  be  dealt  with  here. 

It  may  be  mentioned  that  various  4  vermin  killers  ’  contain  strychnin, 
and  may  be  taken  accidentally  or  used  for  homicidal  purposes  ;  the  best  known 
of  these  are  Butler’s  (containing  about  2 \  gr.  (0T6  grm.)  in  the  packet,  with 
flour  and  soot  or  Prussian  blue)  Battle’s  (containing  lJ-2  gr.  (0T-0T3  grm.) 
also  with  flour  and  Prussian  blue),  Gibson  and  Hunter’s,  and  Wiggin’s.  It  is 
also  present  in  the  commonly  prescribed  tonics,  Easton’s  syrup  (^ gr.  (0-002grm.) 
in  the  fluid  drachm  (4  c.c.)  )  and  Fellowes’  compound  syrup  of  hypophosphites 
(liro  gr-  (0*00QA7  grm.)  in  the  drachm  (4  c.c.)). 

Strychnin  convulsions  may  be  controlled  by  intraspinous  injection  of 
magnesium  sulphate.  The  object  is  to  control  the  convulsions  till  the  poison 
is  eliminated.  The  proper  dosage  is  1  c.c.  of  25  per  cent  solution  for  each  20  lb. 
(10  kilo.)  body  weight  of  patient,  administered  intraspinally,  while  the  elimina¬ 
tion  of  the  strychnin  is  assisted  by  the  intravenous  administration  of  saline 
solution.  It  is  less  effectual  if  injected  subcutaneously  and  less  concentration 
(10  per  cent)  must  be  used  owing  to  the  pain  caused  by  the  stronger  solution. 
If  a  second  dose  is  required,  great  caution  must  be  exercised  owing  to  the 
respiratory  depression  which  may  ensue. 

URECHITES  SUBERECTA  (Apocynacese).  (Plate  XXXIII.)  This  is  a 
very  common  West  Indian  plant,  and  is  found  clinging  to  fences  and  low-lying 
shrubs,  and  is  occasionally  met  with  growing  in  clumps  alone.  It  contains 
exceedingly  powerful  poisons ;  this  fact  is  well  known  to  the  natives  and  the 
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Urechites  suberecta  Muell.  Arg. 


“  Yellow  Nightshade.” 
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plant  goes  by  the  name  of  4  nightshade  *,  or,  on  account  of  the  bright  yellow 
flowers  and  of  its  growing  in  hot,  dry  districts,  4  savanna  flowers  The  white 
nightshade  ( Echites  umbellata )  is  similar  except  that  the  flowers  are  white. 

The  plant  has  been  used  mostly  for  homicidal  purposes  by  obeah  men,  and 
in  bygone  days  of  slavery  for  disposing  effectually  of  obnoxious  masters.  It  is 
stated  that  those  who  know  how  to  use  it  properly  can  bring  about  the  death 
of  the  victim  suddenly  and  in  a  few  minutes  or  after  a  lapse  of  several  weeks. 

When  it  is  growing  in  a  pasture  the  cattle  leave  it  severely  alone,  but  cases 
of  poisoning  have  occurred  from  the  dried  leaves  being  carelessly  left  after 
cutting  down  the  plant  when  the  pasture  has  been  cleaned. 

Instances  have  been  recorded  of  accidental  poisoning  in  man  through 
drinking  ‘  rum  impregnated  with  the  poisonous  principle,  a  plug  of  the  leaves 
having  been  used  as  a  stopper  ’. 


The  leaves  are  intensely  bitter  and  very  acid,  so  that  accidental  poisoning 
from  chewing  the  leaves  is  not  at  all  likely  to  occur.  They  cause  a  sensation 
in  the  lips  and  tongue  as  if  they  were  swollen  and  blistered,  although  nothing 
abnormal  is  observable  in  these  parts  objectively ;  a  tingling  sensation  is  also 
produced  which  persists  for  many  hours.  If  the  leaves  are  dried  the  powder 
causes  violent  irritation  of  the  mucous  membrane  of  the  nose  and  throat,  with 
uncontrollable  sneezing  and  a  choking  sensation. 

Three  active  principles  have  been  isolated,  two  crystalline  bodies  and  one 
amorphous  :  crystalline  urechitoxin,  amorphous  urechitoxin  resembling  the 
last  in  its  physiological  properties  but  not  erystallizable,  and  thirdly  urechitin, 
a  crystalline  substance.  All  are  glucosides  and  all  are  poisonous,  but  urechitin 
is  the  most  toxic. 

Symptoms.  When  a  fairly  large  dose  is  given,  symptoms  appear  in  a  few 
minutes.  There  is  drowsiness  with  a  disinclination  to  move,  soon  succeeded 
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by  inability  to  do  so  ;  spasmodic  movements  now  appear  ;  sometimes  the 
abdominal  muscles  are  noticed  to  contract  violently  as  if  with  attempts  to 
vomit.  This  is  followed  or  accompanied  by  massive  convulsions  of  the  body 
and  limbs.  These  pass  off  to  be  replaced  by  twitching  movements  till  death 
occurs  with  respiratory  embarrassment.  In  some  instances  the  abdominal 
muscular  contraction  is  accompanied  by  violent  vomiting  and  the  passage 
of  fteces.  The  pupils  are  dilated  during  the  convulsive  movements  but  contract 
again  as  these  pass  off. 

If  smaller  doses  are  administered  at  intervals,  as  in  a  case  where  a  negress 
attempted  to  poison  her  master,  the  symptoms  are  loss  of  appetite,  nausea 
with  efforts  at  vomiting,  griping  pains  in  the  abdomen,  twitching  of  muscles 
in  various  parts  of  the  body,  fever  of  a  hectic  type  with  progressive  loss  of 
weight.  The  patient  recovered  slowly  under  treatment,  but  the  spasmodic 
muscular  contractions  persisted  for  a  long  time. 

Many  experiments  carried  out  on  animals  showed  that  all  the  isolated 
principles  caused  similar  symptoms. 

II.  FISH  POISONING. 

Poisoning  by  the  agency  of  fish  may  occur  in  two  ways  : 

1.  As  a  form  of  food  poisoning,  either  by  toxins  arising  from  decomposition 
(some  fish,  e.  g.  the  caravalles  tend  to  very  rapid  decomposition  as  soon  as 
death  has  taken  place),  or  by  toxins  present  in  the  living  fish.  The  first  of 
these  does  not  come  within  the  scope  of  this  article. 

2.  By  inoculation  of  toxins  through  wounds  inflicted  by  the  fish. 

POISONING  ARISING  FROM  INGESTION  OF  FISH  CONTAINING 
SOME  TOXIN  NOT  DUE  TO  DECOMPOSITION. 

SPHYRASNA  BARRACUDA  (barracouta).  According  to  some,  this  is  toxic 
owing  to  its  having  fed  upon  poisonous  material  ;  others  maintain  that  it  is 
poisonous  at  certain  seasons,  especially  at  spawning  time.  The  fact  that  the 
poisonous  ones  are  usually  over  20  lb.  (10  kilos)  in  weight,  while  small  specimens 
appear  to  be  harmless,  and  the  idea  that  the  fish  are  poisonous  at  certain 
seasons  only,  lend  support  to  this.  There  is  yet  a  third  view  that  the  large 
barracouta  may  contract  an  infectious  disease,  the  symptoms  of  which  are 
evident  in  the  flesh,  and  that  this  disease  is  the  cause  of  the  poisoning.  The 
fish  is  much  relished  by  the  poorer  natives  and  it  is  somewhat  astonishing 
that  more  cases  of  poisoning  are  not  met  with. 

The  natives  regard  barracouta  caught  in  certain  localities  as  dangerous. 
In  some  cases  a  plausible  and  possibly  correct  explanation  is  given  for  this  ; 
thus,  fish  caught  to  the  north  of  Necker  Island  near  Virgin  Gorda  are  said  to 
contract  the  poison  from  feeding  on  the  banks  in  close  proximity  to  the  copper 
mines  or  on  other  fish  which  have  done  so.  In  other  cases  no  satisfactory 
reason  is  forthcoming,  as  for  example  in  Turk’s  Island  the  fish  caught  in  one 
part  are  eaten  with  impunity,  while  others  caught  barely  a  mile  away  are 
regarded  as  poisonous. 

Cases  of  poisoning  occur  every  year  in  Cuba,  Jamaica,  Barbadoes,  Turk’s 
Island  and  among  the  Virgin  Isles.  The  natives  regard  as  poisonous  such  fish 
as  show  either  :  (i)  an  exudation  of  a  whitish  watery  fluid  when  the  flesh  is 
cut  up,  or  (ii)  a  black  or  purple  coloration  at  the  base  of  the  teeth.  In  Cuba 
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a  fine  specimen  was  exhibited  in  the  market,  but  owing  to  this  coloration  being 
present  would-be  purchasers  were  warned  of  the  possible  danger  in  eating  it. 
Disregarding  the  warning,  many  ate  of  it  and  the  following  day  there  were 
numerous  cases  of  poisoning. 

Symptoms.  Ihese  are  mainly  gastro-intestinal  :  nausea,  vomiting,  intense 
abdominal  pain  of  a  colicky  character,  diarrhoea,  collapse,  and  in  some  cases 
acute  pains  in  the  joints. 

9^^®®  (herrings  and  sprats).  The  Clupea  humeralis  is  common  in  West 
Indian  waters,  the  yellow-tailed  variety  accounting  for  several  cases  of  poisoning 
in  the  Leeward  and  Virgin  Isles.  C.  longiceps,  a  sardine  found  in  the  Ceylon 

waters,  may  give  rise  to  gastro-intestinal  symptoms  terminating  in  collapse 
and  death. 

The  C.  thryssa  ( Alopa  bishopi ),  a  yellow-tailed  sprat,  appears  to  be  poisonous 

at  all  seasons ;  many  others  of  the  same  genus  are  only  incidental^  or  acci¬ 
dentally  so. 

The  effect  of  locality  is  remarkable  in  this  respect  also.  Thus,  it  was  lately 
common  knowledge  that  fish,  particularly  sprats,  caught  at  one  end  of 
St.  Christopher  s  were  perfectly  wholesome,  while  those  taken  at  another  part 


Fig.  323.  Sphyrcena  barracuda  Walbaum.  (Copied  by  H.  A.  Wood.) 


were  always  dangerous  ;  again,  in  Jamaica,  those  caught  on  the  south  side  were 
occasionally  suspected,  those  on  the  north  always.  This  belief  is  less  wide¬ 
spread  now. 

TETRODON.  Many  varieties  of  tetrodon  are  poisonous  ;  of  these  may 
be  mentioned  T.  hispidus  (the  4  death  fish  ’  of  Hawaii),  T.  vermicularis, 
T.  chrysops ,  T.  lunar  is,  T.  poicelonotus,  T.  sticonotus.  Poisoning  by  these  goes 
by  the  name  of  Fuguismus  (Japanese  4  Fugu  ’).  Several  fatalities  occur  every 
year  in  Korea  and  Japan  where  the  fish  is  greatly  relished  as  food.  The  poison 
contains  two  toxic  principles — a  crystalline  base,  tetrodonin,  and  an  acid, 
tetrodonic  acid.  The  former  affects  the  sympathetic  nervous  system.  Injection 
causes  a  fall  of  blood  pressure  and  slowing  of  the  circulation  with  cardiac 
tremor,  fibrillation,  and  finally  block.  The  oculo-motor  and  sympathetic  post¬ 
ganglion  fibres  of  the  eye  are  both  involved,  but  the  endings  remain  intact. 
Death  is  due  to  direct  action  on  the  respiratory  centre  and  not  from  interference 
with  the  phrenic  nerve. 

The  poison  is  contained  in  the  ovaries  and  eggs,  and  after  ingestion  of  the 
roe  both  gastro-intestinal  and  nervous  symptoms  may  arise  within  15  minutes — 
pain  in  the  stomach  and  abdomen,  nausea,  vomiting,  diarrhoea,  burning  sensation 
in  the  throat,  cramps  in  the  limbs,  and  collapse.  Death  may  occur  in  syncope 
or  in  coma  with  signs  of  cardiac  failure  or  those  of  respiratory  paralysis.  The 
mortality  is  high — between  60  and  70  per  cent.  The  poison  being  localized  in 
the  ovaries  and  eggs,  not  only  does  the  degree  of  toxicity  vary  with  the  season, 
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but  also  not  all  those  who  eat  the  fish  will  be  poisoned,  nor  will  all  who  are 
poisoned  receive  the  same  dose,  hence  the  symptoms  may  vary  from  mild  to 
severe  in  those  who  have  partaken  of  the  same  fish. 

CARANGIDiE  (jacks).  These  exist  in  considerable  numbers  in  the  West 
Indies  and  at  some  seasons  of  the  year  are  very  poisonous.  The  Caranx  latus 
(horse-eyed  jack)  shows  at  these  seasons  two  small  red  masses  in  the  gills. 
In  Barbados,  if  there  is  suspicion  of  poison,  one  of  them  is  given  to  a  duck  and 
the  suspicion  is  confirmed  if  the  duck  dies  in  two  hours  or  so. 

It  is  stated  that  this  fish  is  responsible  for  many  deaths,  but  strange  to  say 
in  Porto  Rico  it  is  sold  in  the  markets  quite  freely  and  little  or  no  suspicion 
appears  to  be  attached  to  it  there,  although,  on  the  other  hand,  most  of  the 
Virgin  Islands  fishermen  regard  it  as  poisonous. 

BALISTIDTE  (trigger  fishes).  The  Balistes  vetula  (Plate  XXXIV,  fig.  1) 
lives  in  the  tropical  parts  of  the  Atlantic  and  in  the  Caribbean  Sea.  It  goes 
by  the  name  4  Cochino  ’  in  Cuba  and,  though  not  frequent,  nevertheless  cases 
of  poisoning  do  occur  from  eating  the  flesh. 


Fig.  324.  Caranx  latus  Agassiz.  (Copied  by  H.  A.  Wood.) 


Symptoms.  Vomiting  and  ‘  cramps  in  the  stomach  ’  shortly  followed  by 
tetanic-like  spasms  of  the  muscles  of  the  whole  body,  with  laboured  breathing, 
cold  clammy  perspiration,  and  death  in  collapse  or  in  some  cases  with  suffocative 
symptoms. 

OSTRACIONTID.ZE.  A  member  of  this  group,  Ostracion  triqueter ,  is  known 
in  the  West  Indies  as  the  4  drunken  or  plate  fish  ’.  The  eating  of  this  fish  has 
caused  poisoning. 

Symptoms.  Nausea,  vomiting,  giddiness,  and  general  pains,  usually  more 
marked  in  the  legs.  The  giddiness  is  said  to  resemble  the  vertigo  of  intoxication 
by  alcohol — hence  the  popular  name.  In  cases  about  to  terminate  fatally  the 
intoxication  passes  into  stupor  and  coma.  The  poison  is  believed  to  reside  in 
jelly-like  masses  situated  one  near  the  tail  and  one  near  the  head.  These 
should  always  be  removed  before  the  fish  is  eaten. 

SCARID.ZE  (parrot  fishes).  Scarus  vetula  (Plate  XXXIV,  fig.  2),  which  lives 
in  West  Indian  waters,  goes  locally  by  the  name  of  4  mud  fish  ’  and  4  old  wife  5 
(a  name  also  given  to  the  Balistes).  The  eating  of  it  sets  up  gastro-intestinal 
symptoms  with  colic. 

The  following  two  varieties  of  fish  found  in  profusion  in  the  West  Indian 
waters,  and  perhaps  elsewhere,  merit  a  brief  mention  owing  to  the  fact  that 
they  are  largely  used  for  food  and  until  recently  were  looked  upon  as  both 


PLATE  XXXIV. 


2 


3. 


Fig.  1. — Batistes  vetula  L.  Trigger  fish. 

Fig.  2. — Scarus  vetula  Bloch  &  Schneider.  Parrot  fish. 

Fig.  3. — Epincphelus  adscensionis  Osbeck.  Rock  fish. 

All  about  three-eighths  natural  size.  (Copied  by  H.  A.  Wood.) 
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wholesome  and  quite  innocuous.  Cases  of  poisoning,  however,  have  occurred 
from  eating  the  flesh. 

ROCK  FISH  (?  Epinephelus  adscensionis )  (Plate  XXXIV,  fig.  3).  4  There 
was  caught  in  December  1914,  on  board  a  Government  sloop,  a  short  distance 
from  the  island  of  Anegada,  a  rock  fish  weighing  about  10  lb.  (5  kilos).  It  was 
at  once  prepared  for  the  breakfast  meal.  This  meal  took  place  about  an  hour 
afterwards  when  the  sloop  was  at  anchor.  There  were  seven  persons  on  board  ; 
the  captain,  four  sailors,  and  two  passengers.  The  captain  did  not  eat  any  of 
the  fish,  and  one  of  the  passengers,  after  tasting  a  mouthful,  remarked  that 
its  taste  was  peculiar,  and  refrained  from  eating  more.  The  other  passenger 
and  the  crew  ate  freely  of  it,  and  were  all  severely  poisoned.’ 

The  symptoms  were  profuse  diarrhoea,  with  colic,  cramps,  and  tenesmus. 

KING  FISH  {Scomberomorus  cavalla).  This  is  an  excellent  fish  for  food, 
and  eaten  freely  ;  but  in  1912  in  the  Virgin  Islands  and  the  neighbouring 
islands  of  St.  John  and  St.  Thomas  several  cases  of  poisoning  by  it  occurred. 
There  were  ten  or  twelve  persons  affected  in  the  former,  while  in  St.  Thomas 
there  was  quite  a  small  epidemic. 


Fig.  325.  Scomberomorus  regalis  Bloch.  (Copied  by  H.  A.  Wood.) 


The  4  mulatto  ’  king  fish  ( Scomberomorus  regalis)  is  also  regarded  with 
suspicion. 

Symptoms  which  may  arise  from  poisoning  by  ingestion  can  be  divided 
into  two  main  groups.  Either  may  be  present  alone  or  the  second  may  supervene 
on  the  first. 

1.  Symptoms  of  gastro-intestinal  irritation.  These  are  nausea,  vomiting, 
diarrhoea,  colic,  and  abdominal  cramps,  preceded  in  many  instances  by  a  feeling 
of  malaise  and  lassitude.  The  stools  are  loose  and  foul  smelling.  Signs  of 
collapse  appear — cold  clammy  sweat,  cold  extremities,  rapid  weak  pulse, 
subnormal  temperature.  The  symptoms  usually  appear  in  4  to  10  hours  after 
the  meal  and  as  a  rule  the  earlier  the  vomiting  the  better  the  prognosis,  because 
much  of  the  poison  is  rejected  before  absorption.  Patients  on  the  road  to 
recovery  may  complain  in  24  to  48  hours  or  so  of  headache  and  drowsiness, 
with  formication,  tingling  and  burning  sensation  of  the  skin.  Photophobia 
and  painful  micturition  also  are  met  with.  Recovery  is  usually  complete  in 
10  days  or  so. 

2.  Symptoms  arising  from  action  of  the  absorbed  poison  on  the  nervous 
system.  These  come  on  later,  towards  the  end  of  the  week,  during  which  there 
may  be  merely  slight  malaise  or  the  gastro-intestinal  symptoms  already 
detailed. 

4  Such  cases  are  characterized  by  a  feeling  of  lassitude,  usually  without 
nausea  and  vomiting  ;  constipation  is  often  the  rule  ;  there  is  no  fever  ;  the 
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pulse  rate  may  be  slightly  accelerated ;  the  respiration  rate  is  normal ;  there 
is  very  persistent  headache  ;  also  formication  and  a  tingling  of  the  skin,  with 
burning  of  the  eyes  when  a  bright  light  is  looked  at.  A  characteristic  feature 
of  this  type  is  pain  in  the  joints  and  bones,  often  excruciating  and  occurring 
more  frequently  in  the  hips,  knees,  and  the  vertebral  column.’ 

Treatment  is  more  effective  in  the  gastro-intestinal  type,  and  consists  of 
attempts  to  evacuate  the  poison  by  washing  out  the  stomach  and  administering 
purgatives.  The  juice  of  fresh  limes  is  regarded  by  some  as  an  antidote. 

The  other  symptoms  must  be  treated  on  the  usual  lines,  such  as  stimulants, 
hot-bottles,  etc.,  for  the  collapse,  morphia  if  necessary  to  relieve  the  pain. 
Alcohol  appears  in  sofne  cases  to  do  good,  apart  from  its  mere  stimulant  action  ; 
perhaps  it  precipitates  the  poison  and  prevents  further  absorption. 

The  above  is  a  brief  account  of  poisoning  arising  from  ingestion  of  fish, 
but  equally  important  is  that  arising  from  wounds  inflicted  by  the  fish,  such 
as,  for  example,  the  poison  injected  into  a  wound  made  by  the  dorsal  spines 
of  the  Scorpcena  grandicornis  (lion  fish)  and  the  Holocentrus  ascensionis  (canaul)  ; 
that  by  the  caudal  spines  of  Teuthis  cceruleus  (doctor  fish)  (Plate  XXXV, 
fig.  1)  and  Hepatus  dussumiori  (barbeaux)  ;  that  by  the  spine  in  the  tail  of 
the  ray  ;  the  painful  sting  of  the  Physalia  pelagica  (Portuguese  man-o’-war), 
and  many  others. 

We  will  proceed  to  deal  with  a  few  examples  of  these. 

Members  of  the  Muraenidae  and  also  of  the  Scorpaenidae  occupy  an  intermediate 
position  between  the  group  just  described  and  that  which  follows.  The  flesh 
of  some  of  these  may  set  up  poisoning  when  ingested,  but  this  is  not  common, 
and  their  toxin-inoculation  properties  are  more  important,  hence  they  are 
described  in  the  following  group. 

POISONING  RESULTING  FROM  INOCULATION  OF  TOXIN. 

MUR.ZENID.ZE  (morays  or  tropical  eels)  are  dangerous  from  two  aspects. 
Firstly  the  bite  is  to  be  feared  for  the  teeth  are  powerful  and  may  inflict  severe 
and  poisoned  wounds.  Secondly,  the  flesh  itself  may  set  up  symptoms  of 
poisoning.  This  last  is  but  rarely  seen,  although  those  which  inhabit  the  waters 
of  the  Caribbean  are  frequently  eaten.  They  live  in  the  neighbourhood  of 
coral  reefs,  and  it  may  be  that  toxic  symptoms  arise  (as  in  the  case  of  other 
fish  inhabiting  similar  places)  from  the  fact  of  the  fish  having  eaten  decomposing 
food,  such  as  dead  Medusae. 

The  venom  is  contained  in  a  pouch  situated  above  the  membrane  of  the 
palate.  There  are  three  or  four  conical  curved  teeth  with  the  convex  surface 
anteriorly  ;  though  not  grooved  or  channelled  they  are  very  mobile  and  easily 
erected  and  are,  when  at  rest,  covered  by  the  mucosa  of  the  palate.  The  poison 
collects  between  the  teeth  and  flows  into  the  wounds  made  by  the  bite.  The 
symptoms,  apart  from  local  effects,  are  mainly  cardiac — faintness  and  syncope. 

Experimental  work  with  the  serum  of  the  Murcena  helena  has  shown  that 
there  is  a  definite  relation  between  the  venin  and  the  toxicity  of  the  serum, 
but  this  toxicity  is  not  due  to  the  presence  of  the  venin  as  such  in  the  blood. 
It  is  markedly  haemolytic  ;  large  doses  produce  practically  instantaneous  death  ; 
smaller  doses  cause  rapid  and  embarrassed  respiration,  violent  cramps  and 
convulsions.  Post  mortem  the  heart  is  found  arrested  in  diastole  and  engorged 
with  blood,  the  coagulation  time  is  much  prolonged,  and  the  surfaces  of  the 
lungs  show  haemorrhagic  spots  and  blotches. 


PLATE  XXXV. 


Fig.  1. 

Fig.  1. — Teuthis  coeruleus  Bloch  &  Schneider.  Doctor  fish.  About  natural  size 

(Copied  by  H.  A.  Wood.) 


Fig.  2. 

Fig.  2. — Trachinus  vipera  Cuvier  &  Valenciennes. 
(After  Sambon.  Drawn  by  A.  J.  E.  Terzi.) 
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SCORP^SNID^  (scorpion  fish).  Of  this  family  there  are  several  poisonous 
members.  Thus  the  S.  grandicornis  and  the  S.  plumieri  are  those  most  frequently 
met  with  in  West  Indian  waters  ;  the  S.  diabolus  in  the  Indian  Ocean  and 
tropical  Pacific  ;  the  S.  porcus  in  the  Mediterranean  ;  the  Synanceia  verrucosa 
and  the  Synanceia  brachio  in  the  Indian  Ocean  and  tropical  Pacific  respectively. 

The  Scorpcena  brasiliensis  has  occasionally  set  up  poisoning  when  eaten, 
but  the  chief  danger  lies  in  the  wounds  inflicted  by  the  dorsal  spines. 


Fig.  326.  Scorpcena  grandicornis  Cuvier  &  Valenciennes. 
(Copied  by  H.  A.  Wood.) 


Fig.  327.  Scorpcena  brasiliensis  Cuvier  &  Valenciennes. 
(Copied  by  H.  A.  Wood.) 


The  poison  apparatus,  though  connected  with  the  dorsal  fin,  is  not  the  same 
in  all  the  varieties.  Thus,  in  the  Synanceia  mentioned  above,  before  the  poison 
can  escape  an  enclosing  membrane  must  be  broken,  whereas  in  the  Scorpaena 
the  poison  apparatus  is  practically  in  direct  communication  with  the  exterior. 

The  poison  glands  of  both  are  situated  at  the  base  of  the  dorsal  spines, 
but  in  the  former  the  spines  are  grooved  and  a  membrane  makes  this  groove 
into  a  sac,  and  the  poison  cannot  escape  until  the  sac  is  ruptured,  whereas  in 
the  latter  the  spines  are  channelled  with  an  opening  near  the  tip. 

Members  of  the  Synanceia  group  are  widely  distributed. 

Synonyms.  Laffe  (Mauritius),  nohu  (Tahiti),  ikan  satan  (Java),  rapau 
de  mer  (Reunion),  crapaud  de  mer  (Martinique),  rascacio  (Havana),  rascane 
vingt-quatre  heures  (St.  Domingo).  The  Spanish  term  rascacio  means  4  pricking 
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fish  ’  and  the  San  Domingo  name  is  due  to  the  fact  that  poisoning  by  this  fish 
is  followed  by  death  in  24  hours,  or,  as  some  interpret  it,  the  pain  from  the 
pricking  lasts  for  that  time. 

The  fish  is  ‘  passively  defensive  that  is  to  say,  it  cannot  voluntarily  eject 
the  poison,  but  when  the  spines  of  the  dorsal  fin  are  trodden  upon,  the  barbs 
enter  the  skin  and  break  and  the  poison  is  mechanically  forced  into  the  wound. 
There  are  thirteen  of  these  spines  with  two  poison  reservoirs  to  each. 

Symptoms.  Great  pain  at  the  site  of  the  wound,  rapidly  extending  up  the 
leg  ;  marked  restlessness,  the  patient  tossing  himself  violently  about  ;  death 
may  occur  with  symptoms  of  heart  failure.  Other  cases  develop  local  abscesses, 
sloughing,  and  possibly  secondary  septicaemia. 

The  poison  apparatus  of  the  BATRACHUS  GRUNIENS  of  the  West  Indies 
and  that  of  the  THALASSOPHRYNE  RETICULATA  differ  from  that  described  . 
in  the  case  of  Scorpaenidae.  Here  we  have  a  conical-shaped  and  canalized  spine 
on  the  operculum  with  a  poison  sac  at  its  base  ;  the  dorsal  spines  have  a  similar 
arrangement  so  that  when  erected  the  poison  can  flow  along  the  canal  and  enter 
a  wound  without  the  necessity  for  muscular  action.  The  symptoms  caused  are 
the  same  as  those  already  detailed. 

PLOTOSID.®.  The  Australian  waters  contain  several  members  of  this 
group  while  the  Plotosus  arab  is  found  in  the  waters  of  India,  Mauritius 
(machoira),  Malay  (sanbilang),  Abyssinia  (koormat),  and  Seychelles  ;  the  injuries 
inflicted  by  them  are  severe.  The  Plotosidse  possess  a  dorsal  and  two  lateral 
spines  which  are  covered  by  skin  under  ordinary  conditions,  but  when  the  fin 
is  erected  the  skin  is  stretched  and  the  spine  bursts  through.  The  poison  is 
probably  furnished  by  a  gland  at  the  base  of  the  spine. 

The  Cnidoglanis  bostockii  (a  cat  fish),  ‘  cobbler  ’  (Perth,  Australia)  has  such 
a  poison  apparatus  and  causes  severe  symptoms.  Within  a  few  minutes  the 
part  feels  numb  and  appears  white  ;  at  the  same  time  there  is  intense  pain 
of  a  burning  shooting  character  at  the  site  of  injection  and  spreading  up  the 
limb.  Even  dead  fish  when  trodden  upon  or  handled  may  cause  serious 
symptoms,  but  the  wounds  inflicted  by  the  living  are  more  severe  and  painful. 
The  pain  is  of  a  darting  character,  and  may  pass  off  for  some  hours  and  then 
return.  Vomiting  is  sometimes  seen.  In  the  majority  of  cases  no  suppuration 
occurs,  but  occasionally  secondary  infection  may  arise  with  sloughing  and 
spreading  inflammation  of  so  serious  a  nature  as  to  necessitate  amputation. 

Other  cat  fish,  such  as  the  Cnidoglanis  megastomas  (estuary  cat  fish),  the 
Centropogon  australis ,  the  Notesthes  orbusta  (bull-rout)  cause  similar  symptoms 
to  those  detailed  above. 

TRACHINUS  DRACO.  This  fish  has  a  grooved  spine  on  the  operculum, 
the  groove  being  converted  into  a  canal  by  a  membrane  ;  this  canal  opens 
near  the  tip  of  the  spine.  At  the  base  is  the  poison  gland,  and  when  the  spine 
is  brought  into  a  state  of  erection  by  muscular  action  the  gland  is  pressed 
upon  and  the  poison  forced  into  the  groove.  There  is  in  addition  to  this 
a  poison  system  in  the  dorsal  fin.  4  The  dorsal  apparatus  consists  of  from  five 
to  seven  spines  joined  together  by  a  membrane  which  is  adherent  almost  to 
their  tips.  Each  barb  has  a  deep  double  channel,  the  two  grooves  of  which 
join  towards  the  base  of  the  spine  and  form  a  conical  space,  of  which  the  walls 
are  covered  with  cells  which  secrete  the  poison.’ 

Symptoms  produced  may  be  divided  into  local  and  general  or  constitutional. 
The  local  symptoms  consist  of  severe  burning,  stabbing  pain,  with  tingling 
and  numbness,  spreading  up  the  limb  and  seeming  to  be  more  concentrated  in 
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the  joints.  There  is  often,  in  fact  usually,  swelling  and  inflammation,  and,  if 
untreated,  suppuration,  sloughing,  and  even  a  gangrenous  condition  may 
supervene. 

The  constitutional  symptoms  which  may  be  met  with  are  vomiting,  rise 
of  temperature,  cardiac  distress,  restlessness,  perhaps  actual  delirium  and 
syncope. 

The  venom  itself  in  some  respects  resembles  snake  venom  in  its  action. 
Thus,  intravenous  injection  leads  to  a  primary  rise  in  blood  pressure  followed 
by  a  distinct  lowering,  with  heart  failure  and  respiratory  paralysis.  It  also 
has  some  haemolytic  action.  Subcutaneous  injection  sets  up  local  necrosis  and 
haemorrhage. 

RAII.  These  fish  are  met  with  in  many  waters  :  Australia,  India,  Ceylon, 
Japan,  British  Guiana.  The  names  of  a  few  may  be  mentioned  :  Trygon 
pastinaca  (in  Japanese  waters)  ;  Aetobatis  narinari,  the  ‘  bishop  ray  ’ ;  Trygon 
sephen  and  others  (Indian  Ocean). 

The  stingaree  or  stingray  4  possesses  a  long,  flexible,  whip-like  tail,  terminat¬ 
ing  in  a  bony  spine,  very  sharp  at  the  point  and  furnished  with  sharp  cutting 
teeth.  When  the  ray  attacks,  it  strikes  its  tail  around  some  part  of  the  victim 
and  forces  the  spine  into  the  flesh,  causing  a  deep  and  lacerated  wound.  The 
fishermen  say  that  the  barbed  spine  is  covered  with  some  thick  gelatinous 
substance  containing  probably  the  poison.’ 

The  following  case  describes  the  symptoms.  A  Chinaman,  aged  20  years, 
was  attacked,  the  wound  being  in  the  thigh.  When  rescued  he  fainted  and 
on  regaining  consciousness  had  complete  numbness  and  paralysis  of  the  limb 
affected.  The  wound  remaining  unhealed  he  was  brought  to  hospital  a  fortnight 
later  and  4  on  admission  he  had  a  peculiar  stiff  look  and  unusual  glassiness 
of  the  eyeball,  extreme  weakness  bordering  on  collapse,  pallor,  feeble  heart, 
but  ravenous  appetite.  The  injured  leg  was  not  swollen,  but  sensibility  was 
lost.  There  was  a  jagged,  irregular,  sloughing  wound,  2-J-  inches  (6  cm.)  deep 
with  a  copious  very  sickening,  foetid,  thin,  and  dark-grey  discharge.  With  treat¬ 
ment  the  sloughs  gradually  came  away,  though  small  subcutaneous  abscesses 
developed  and  large  parts  of  the  muscles  came  away  exposing  the  bone.  Finally, 
granulation  occurred,  though  meanwhile  the  same  foetid  pus  collected  in  the 
knee-joint  ’. 

The  symptoms  produced  vary  from  mere  local  pain  and  swelling  with 
practically  no  constitutional  upset  at  all  to  the  severer  type  just  described. 

Finally  of  the  MEDUSA,  or  jelly  fish,  the  Physalia  pelagica  (Portuguese 
man-o’-war)  is  one  of  the  best-known  examples.  They  possess  severe  stinging 
properties.  The  skin,  where  stung,  shows  urticarial  weals,  and  there  is  a  feeling 
of  numbness  and  pain  which  often  extends  up  the  limbs  and  has  been  compared 
to  a  severe  rheumatic  attack.  There  may  be  constitutional  effects  such  as  an 
increased  pulse  rate  and  a  rise  of  temperature.  Recently  cases  have  been 
reported  from  India  in  which  the  symptoms  were  more  severe  and  one  of  the 
patients  died  soon  after  being  stung. 

The  symptoms  in  addition  to  the  urticarial  erythema  and  pain,  both  local 
and  general,  were  a  choking  sensation  and  dysphagia  together  with  difficult 
bat  not  hurried  respiration,  a  feeling  of  constriction  in  the  chest,  and  spasm 
of  the  abdominal  muscles. 

In  the  fatal  case  the  autopsy  revealed  intense  congestion  of  the  vessels  of 
the  meninges  and  brain,  and  engorgement  of  the  right  ventricle.  The  symptoms 
are  somewhat  suggestive  of  those  found  in  anaphylactic  conditions,  and  though 


798 


TOXICOLOGY 


it  was  not  stated  whether  any  of  the  patients  had  been  previously  stung,  it  may 
be  noted  that  the  fatal  case  occurred  in  a  fisherman  who  was  stung  when  throwing 
overboard  jelly  fish  which  had  been  caught  in  his  net. 

Treatment  consists  in  the  local  application  of  alkalis,  such  as  dilute 
ammonia,  and  internally  by  administration  of  bromides  and  stimulants  if 
required. 
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CHAPTER  39 

THE  CHEMICAL  INVESTIGATION  OF  MEDICO-LEGAL  CASES 

BY 

W.  M.  COLLES 

B.Sc.  London,  A.I.C.  Chemical  Examiner  to  the  Medico-Legal  Expert,  Court  of 

Appeal,  Cairo. 

INTRODUCTION. 

The  object  of  this  chapter  is  to  set  forth  a  short  systematic  scheme  for  the 
detection  of  the  common  poisons  used  in  the  tropics.  The  variety  and  distri¬ 
bution  of  poisonous  flora  would  lead  to  the  supposition  that  the  majority  of 
poisoning  cases  investigated  would  prove  to  be  due  to  some  vegetal  poison. 
Such  is  not  the  case  ;  with  the  exception  of  opium  and  the  yellow  oleander, 
Tlievetia  neriifolia,  arsenic  is  the  poison  most  generally  used  on  account  of  its 
tastelessness  and  the  consequent  ease  with  which  it  can  be  administered.  Even 
in  those  cases  in  which  vegetal  poisons  are  detected,  the  number  of  different 
poisons  used  is  curiously  limited,  opium,  aconite,  oleander,  datura,  henbane, 
Indian  hemp,  and  the  Strychnos  group  of  plants  accounting  for  the  greater 
proportion  of  cases  so  far  as  the  eastern  tropical  belt  is  concerned.  Poisons  such 
as  Gelsemine  ( Gelsemium  sempervirens),  ‘  Neriin  ’  ( Nerium  odorum),  4  Plum- 
bagin  ’  (Plumbago  zeylanica)  are  perhaps  detected  a  few  times  annually,  while 
others  such  as  Delphinine  (Delphinium  staphisagria )  and  ‘  Mezcaline  ’  ‘  mezcal 
buttons  ’  (Anhalonium  Lewinii),  are  confined  to  special  localities. 

In  order  that  this  chapter  may  be  of  immediate  practical  use  it  has  seemed 
better  to  include  all  the  commoner  poisons  met  with  in  ordinary  tropical  practice 
than  merely  to  describe  the  tests  for  the  peculiar  tropical  poisons  of  vegetable 
origin  which  are  rarely  met  with.  At  the  same  time  so  far  as  reliable  tests 
are  known  all  the  poisons  described  in  chapter  38  have  been  included  in  the 
scheme. 
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It  must  be  admitted  that  the  analytical  detection  of  many  of  the  poisonous 
glucosides  and  vegetable  irritants  is  impossible  owing  to  the  absence  of  specific 
tests,  but  in  most  cases  of  poisoning  due  to  such  agents  a  specific  morphological 
character  of  a  seed,  root  fragment,  or  leaf,  or  a  definite  physiological  effect 
produced  by  the  substance  used  makes  up  for  this  deficiency.  The  system 
adopted  has  been  to  describe  a  sensitive  4  spotting  ’  test  which  is  capable  of 
detecting  traces  of  the  substance  sought  for,  and  to  follow  this  by  4  confirming  5 
tests.  If  the  spotting  test  is  negative  it  can  then  be  asserted  with  confidence 
that  the  substance  in  question  is  not  present  and  further  tests  are  unnecessary ; 
if  positive  the  confirming  tests  can  be  applied.  Where  possible  the  spotting 
and  confirming  tests  are  combined,  but  few  of  these  combined  tests  exist  ;  an 
example  being  the  prussian  blue  test  for  cyanides. 

No  field  of  chemical  analysis  necessitates  such  pure  chemicals  as  toxicological 
examinations,  and  it  is  not  to  be  expected  that  many  of  the  reagents  required 
will  be  procurable  in  outlying  districts.  So  far  as  has  been  possible  the  number 
of  reagents  recommended  for  use  has  been  limited  and  their  preparation 
described.  Makeshifts  as  regards  apparatus  have  not  been  suggested  as  their 
practicability  depends  so  much  on  local  conditions.  Considerations  of  space 
have  prevented  any  reference  to  the  quantitative  estimation  of  the  poison  present, 

and  it  has  had  to  be  assumed  that  the  reader  has  access  to  a  book  on  elementarv 

•/ 

qualitative  analysis. 

It  is  regretted  that  undue  prominence  has  perhaps  been  given  to  those  poisons 
immediately  within  the  writer’s  experience,  to  the  neglect  of  those  used  in  South 
America,  China,  and  other  places.  In  every  locality  there  is  always  a  favourite 
poison,  but  it  has  not  been  possible  to  obtain  the  literature  on  the  subject  as 
regards  the  entire  tropical  belt. 

Analytical  groups.  According  as  their  chemical  and  physical  properties 
serve  as  a  means  of  separating  them  from  viscera,  dejecta,  etc.,  poisons  are 
divided  into  four  groups  of  which  only  the  first  three  are  of  importance  in  tropical 
practice. 

These  are  : 

(1)  Volatile  substances  separated  by  distillation,  e.  g.  phosphorus,  hydro¬ 
cyanic  acid,  alcohol,  carbolic  acid,  etc. 

(2)  Non-volatile  poisons  of  vegetal  origin  separated  by  extraction  with 
alcohol  and  subsequent  purification  from  fat,  etc.,  e.  g.  the  alkaloids, 
glucosides,  vegetable  irritants  and  vesicants,  such  as  croton  oil. 

This  group  comprises  most  of  the  vegetable  poisons  found  in  the  tropics. 

(3)  Metallic  poisons  which  remain  when  admixed  organic  matter  has  been 

4  destroyed  ’  by  oxidation,  e.  g.  arsenic,  mercury,  etc. 

(4)  Substances  requiring  special  methods  of  extraction,  e.  g.  dialysis  for 

corrosives  such  as  sulphuric  acid,  caustic  alkalis,  etc.  ;  special  methods 
of  extraction  due  to  peculiar  solubility,  e.  g.  oxalic  acid,  ergot,  etc. 

Collection  of  material  for  examination.  Owing  to  the  necessarily  limited 
amount  of  material  available  for  analysis  and  to  the  fact  that  the  poison  may  be 
present  only  in  small  traces,  it  is  extremely  important  that  a  careful  clinical 
diagnosis  of  the  probable  nature  of  the  poison  be  made  so  as  to  confine  the 
analysis  to  as  few  analytical  groups  as  possible. 

A  generous  supply  of  viscera  and  dejecta  should  be  secured  and  in  fatal 
cases  should  comprise  (1)  the  entire  stomach  and  its  contents,  which  are  placed 
in  one  jar,  (2)  one  pound  of  small  intestines  with  their  contents  in  another  jar, 
(3)  one  pound  of  liver  and  a  kidney  in  a  third  jar,  (4)  the  bladder  and  some 
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urine  in  a  fourth  jar.  In  non-fatal  cases,  the  vomit,  stomach  washing,  the  urine 
passed  during  24  hours,  and  some  faeces  must  be  collected. 

Owing  to  the  pressure  arising  from  the  evolution  of  gases  during  putrefaction 
the  jars  of  viscera  should  not  be  filled  more  than  two-thirds  full  or  they  may 
burst.  If  there  is  unavoidable  delay  of  more  than  a  few  days  between  the  post¬ 
mortem  examination  and  the  analysis,  alcohol — locally  prepared  rectified  spirit 
— or  a  strong  solution  of  common  salt  should  be  added  except  when  phosphorus 
or  alcohol  itself  is  suspected  (Reference  1,  p.  780).  Formalin  hardens  the 

VISCERA  AND  MAKES  THEIR  SUBSEQUENT  EXTRACTION  TROUBLESOME  ;  IT  MUST 
NEVER  BE  USED  IN  CASES  OF  ALKALOID  POISONING,  AS  IT  IS  LIABLE  TO  CAUSE 

decomposition,  even  of  strychnin.  The  choice  of  receptacles  in  which  to 
store  the  viscera  depends  on  local  resources  ;  wide-mouthed  stoppered  white 
glass  jars  of  1  litre  capacity  are  the  most  satisfactory.  If  metallic  poisons 

ARE  SUSPECTED,  ‘  TINS  ’  AND  COMMON  GLAZED  LOCAL  POTTERY  SHOULD  BE 
AVOIDED. 

All  additional  material  available,  dejecta,  stomach  washing,  remains  of  the 
last  meal,  cooking  utensils  and  such  articles  as  the  contents  of  the  pockets  of 
the  accused,  his  finger-nail  clippings,  clothing  stained  with  dejecta,  etc.,  should 
be  secured  even  if  not  authentic,  as  they  afford  useful  material  for  the  preliminary 
test,  and  if  authentic  sustain  the  circumstantial  evidence.  The  stocks  of  aphro¬ 
disiac  sweetmeat  vendors  should  be  confiscated  if  evidence  attributes  death  to 
some  such  cause.  Poisoned  ‘  durra  ’  cobs,  millet  heads,  etc.,  are  often  to  be 
found  in  the  field  or  stall  in  which  cattle  have  died. 

In  acute  cases  when  death  results  within  a  few  hours,  the  poison  is,  as  a  rule, 
to  be  found  in  the  stomach  and  these  precautions  are  unnecessary  ;  but  when  the 
poison  has  been  taken  in  a  soluble  form,  or  when  death  is  delayed  for  some  days, 
they  are  invaluable,  and  their  observance  should  be  made  the  rule  in  all  cases. 

The  greatest  economy  in  the  use  of  the  material  seized  must  be  practised 
until  one  of  the  qualitative  tests  has  given  a  positive  result,  for  the  following 
reason  : — The  organic  poisons  separable  in  group  (2)  are  almost  always  decom¬ 
posed  beyond  possibility  of  identification  by  boiling  in  water  with  acids,  etc., 
consequently  a  separate  portion  of  all  useful  material  must  be  reserved  for  their 
extraction,  as  they  are  found  usually  only  in  traces  after  a  very  tedious  process. 
It  is  advisable,  therefore,  to  divide,  after  weighing,  the  contents  of  each  jar 
into  three  equal  portions  for  the  following  purposes.  (1)  Preliminary,  distilla¬ 
tion,  and  metallic  poison  tests.  (2)  Vegetal  poison  tests  (the  residue  from 
this  can  be  analysed  for  metallic  poisons).  (3)  Reserve  for  control  analysis. 
The  accidental  breakage  of  apparatus  during  the  analysis  shows  the  value  of 
a  reserve  portion. 

Cleansing  of  glass  apparatus  is  effected  by  washing  with  warm  10  per 
cent  caustic  soda  or  native  lye  and  then  rinsing  with  water.  It  is  then  soaked 
for  a  short  time  in  a  warm  mixture  made  by  dissolving  500  grm.  of  commercial 
potassium  bichromate  in  6  litres  of  water  and  slowly  pouring  into  this  a  kilogram 
or  850  c.c.  of  commercial  oil  of  vitriol.  After  which  it  is  rinsed  thoroughly 
with  water  and  drained.  This  method  may  be  entrusted  to  native  laboratory 
attendants. 

.  The  following  method  is  quick  and  useful  for  single  articles,  but  is  not  safe 
in  unskilled  hands  :  Pour  into  the  article  to  be  cleansed  a  few  c.c.  of  strong 
alcohol  and  cautiously  add  strong  nitric  acid  (S.G.  1*4)  drop  by  drop  with 
a  pipette.  When  the  evolution  of  nitrous  fumes  has  ceased,  rinse  thoroughly 
with  water  and  drain. 
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Removal  of  glass  stoppers  is  effected  by  heating  the  neck  of  the  bottle  in 
a  luminous  flame  until  the  glass  is  just  too  hot  to  touch.  A  gentle  tap  with 
a  piece  of  wood  will  usually  loosen  the  stopper.  Care  should  be  taken  in  opening 
jars  of  decomposing  material,  that  the  pressure  of  gas  does  not  make  the  stopper 
fly  out  suddenly. 

I.  PRELIMINARY  TESTS. 

In  the  absence  of  any  definite  indication  from  the  post-mortem  examination, 
the  various  articles  secured,  with  the  exception  of  the  viscera,  are  cursorily 
inspected  for  gross  admixture  with  poison,  as  such  may  be  detectable  with  the 
naked  eye. 

The  inspection  of  such  articles  as  cooking  utensils,  food,  bread,  gut  contents, 
etc.,  especially  in  cattle-poisoning  cases,  often  leads  to  an  immediate  conclusion 
owing  to  the  crude  methods  of  the  majority  of  native  poisoners.  The  various 
forms  of  arsenic,  metallic  salts  of  distinctive  colour  (copper  compounds),  opium, 
fragments  of  poisonous  roots  (aconite,  etc.)  and  the  preparations  of  Indian  hemp 
(hashish),  datura,  henbane,  and  yellow  oleander  seeds  may  be  identified  at 
once.  There  may  be  great  difficulty  in  recognizing  little-known  poisonous  seeds 
or  parts  of  poisonous  plants,  especially  if  the  examiner  is  not  familiar  with  those 
commonly  found  in  the  district  or  sold  in  the  local  bazaars.  Datura  seeds, 
those  of  henbane  and  the  yellow  oleander  are  characteristic  and  easily 
identified.  To  attempt  to  describe  the  morphological  characters  of  the  many 
poisonous  seeds  and  leaves  which  may  be  met  with  in  the  tropics  is  impossible 
in  the  space  available,  but  in  the  absence  of  any  local  botanical  assistance,  an 
unidentifiable  piece  of  root  or  seed  (if  in  sufficient  quantity)  may  easily  be  tested 
for  toxicity  by  crushing  it  and  extracting  with  alcohol  as  described  in  the  Prelimi¬ 
nary  Physiological  Tests  (p.  805). 

Reference  1  contains  a  full  account  of  Indian  poisonous  plants. 

Any  seed  or  seed  fragment  found  should  be  removed,  dipped  in  alcohol  and 
dried.  No  description  of  ripe  and  unripe  seeds,  unless  accompanied  by  coloured 
plates,  is  sufficient  to  enable  their  identification  to  be  established  with  the  cer¬ 
tainty  necessary  for  medico-legal  evidence.  In  such  cases  the  observer  should 
provide  himself  with  a  selection  of  seeds  from  the  nearest  bazaar  as  well  as 
specimens  of  those  in  the  common  vegetable  foods  of  the  district.  It  is  only  by 
comparing  the  seeds  from  a  case  with  an  authentic  specimen  of  the  supposed 
seed  that  points  of  similarity  and  difference  can  be  decided.  Datura  is  a  case 
in  point. 

Enamelled  iron  or  copper  cooking  utensils.  These  must  never  be  treated  by 
boiling  with  hydrochloric  acid,  as  traces  of  arsenic  may  occur  in  common 
enamelled  goods  and  in  native  copper  vessels.  They  should  be  rinsed  out  with 
warm  (50  C.)  5  per  cent  hydrochloric  acid  or  sodium  carbonate  solution,  and 
at  the  same  time  scrubbed  with  a  piece  of  cotton  wool  held  by  two  glass  rods. 
The  liquid  is  filtered  and  used  for  the  test.  In  this  way  any  white  arsenic  will  be 
dissolved  and  separated  from  pieces  of  chipped  enamel.  If  only  traces  of  arsenic 
are  found,  copper  vessels  when  much  corroded  necessitate  a  control  test  as  to 
the  presence  of  arsenic  in  the  copper. 

Contents  of  accused’s  pockets,  finger-nail  clippings.  If  it  is  necessary  to 
confirm  the  presence  of  arsenic  on  such  articles,  I  find  it  best  to  use  the  Marsh 
test  directly,  as  the  test  is  of  great  legal  value.  Owing  to  the  very  thin  film 
produced  in  the  Reinsch  test  traces  of  arsenic  may  be  difficult  to  identify  or  show 
in  Court  if  the  sublimation  test  is  relied  upon. 
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The  substances  to  be  tested  are  warmed  on  the  water  bath  for  J  hour  with 
10-25  c.c.  of  2  per  cent  sodium  bicarbonate  solution  ;  this  is  then  cooled,  filtered, 
acidified  with  10  c.c.  strong  hydrochloric  acid  and  tested  directly  by  Marsh’s 
test. 

Earth  dug  up  from  the  place  where  the  victim  vomited,  micturated,  or  other¬ 
wise  soiled  the  ground.  This  is  very  commonly  sent  for  examination  and,  owing 
to  the  presence  of  nitrates,  etc.,  in  the  soil,  often  fails  to  give  a  positive  Reinsch 
test  as  the  copper  dissolves  before  the  traces  of  arsenic  or  other  metal  are  de¬ 
posited. 

The  following  method  sometimes  gives  a  positive  test.  Boil  the  earth 
(200  grm.)  with  sufficient  2  per  cent  sodium  bicarbonate  solution  to  make  a  thin 
paste.  Filter,  add  a  few  c.c.  of  sulphurous  acid,  evaporate  down  to  small  bulk 
on  the  water  bath,  and  use  the  fluid  resulting  to  make  a  Reinsch  test. 

Vomit,  stomach  contents,  or  stomach  washing  should  now  be  examined  as  to 
reaction  with  litmus  paper  (corrosives,  alkaline  cyanides),  colour,  odour,  and 
nature  of  sediment.  The  presence  of  caustics,  coloured  metallic  salts,  e.  g. 
copper,  iron,  chromium,  may  be  indicated  ;  while  a  fluorescent  tinge  may  be 
evidence  of  mercury  bichloride  (confirmable  by  the  Reinsch  test)  as  this  salt  is 
frequently  sold  in  the  tropics  mixed  with  a  soluble  red  or  blue  organic  dye.  I  have 
examined  pieces  of  bread  stained  quite  bright  red  with  this  compound  and 
fluorescent  stomach  washing  is  quite  common.  Odours  may  be  enhanced  by 
warming  a  little  of  the  fluid  in  a  test  tube  with  a  few  drops  of  dilute  sulphuric 
acid  and  filling  the  tube  up  to  the  top  with  warm  water.  Phosphorus,  cyanides, 
carbolic  acid,  nitrobenzene,  to  mention  a  few  volatile  substances  only,  may  be 
noticed  by  their  odour. 

The  sediment,  if  the  fluid  is  in  a  clear  glass  bottle,  can  be  examined  for  the 
presence  of  white,  red,  or  yellow  particles  and  seeds  by  swirling  the  liquid  round 
in  the  bottle  and  observing  the  sediment  as  it  settles.  It  can  be  easily  collected 
by  pouring  the  well-shaken  liquid  into  a  conical  sediment  jar,  allowing  it  to 
settle,  pouring  off  the  supernatant  liquid  and  washing  the  deposit  with  water, 
the  first  water  used  for  washing  being  preserved.  White  or  yellow  or  red 
arsenic,  match-heads,  seeds,  leaf  fragments,  small  pieces  of  opium,  resinous 
particles,  chopped  hair,  powdered  glass,  etc.,  are  thus  cleanly  and  easily  separ¬ 
ated.  A  section  lifter  on  a  long  handle  is  very  useful  in  securing  a  particular 
particle  from  jars  full  of  vomit,  etc. 

The  identification  of  any  suspicious  seeds  or  leaves  having  been  disposed  of, 
the  next  test  to  apply  is  that  of  Reinsch. 

Examination  of  the  stomach  and  stomach  contents.  The  preliminary  exami¬ 
nation  may  have  given  some  indication  of  the  poison  present  and  it  may  now 
be  necessary  to  confirm  the  findings  in  these  the  most  valuable  of  all  material. 
If  no  such  indication  has  been  obtained,  and  poison  is  still  sought  for,  the 
deposit  on  the  bottom  of  the  jar  containing  the  stomach  should  be  examined  for 
seeds,  white  or  yellow  particles,  etc.  The  stomach  is  then  conveniently  spread 
out  in  a  12  by  10  inch  white  china  photographic  dish.  Its  appearance  may 
form  a  guide  to  the  examiner  as  to  the  presence  of  a  corrosive  or  irritant  poison  ; 
nitric  acid  usually  corrodes  and  stains  yellow,  sulphuric  acid  may  eat  away  the 
•whole  of  the  stomach  wall  and  stain  the  tissues  black.  Alkalis  on  the  other 
hand  cause  a  swelling  of  the  tissues,  the  colour  produced  being  a  bright  red  or 
sometimes  brown.  Corrosive  sublimate  erodes  the  mucous  membrane  and 
causes  inflammation,  with  dark  patches  occurring  occasionally.  The  appear¬ 
ances  vary  with  the  conditions  under  which  the  poison  was  taken,  the  amount 
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swallowed,  and  the  condition  of  the  stomach  (empty  or  full).  Odour  and  reaction 
are  observed  ;  seeds,  white  or  yellow  particles,  and  yellow  streaks  should  be 
looked  for,  and  a  piece  of  stained  mucous  membrane  cut  out  and  tested  by  the 
Reinsch  test.  The  stomach  in  cases  of  arsenical  poisoning  is  usually  salmon  pink 
when  fairly  fresh  ;  a  yellow  pigmentation  indicates  commencing  formation  of 
arsenic  sulphide.  The  Reinsch  test  should  never  be  omitted  in  tropical 
cases.  Mercury  usually  causes  a  slate-grey  coloration,  while  copper  and  iron 
give  a  black  pigmentation.  If  there  is  no  smell  of  volatile  poison  and  the  Reinsch 
test  is  negative  search  must  be  made  for  seeds,  resinous  fragments,  black 
particles  of  opium,  etc.  Datura  seeds  are  often  found  in  the  small  intestine. 

If  the  examination  is  negative  and  an  aqueous  extract  from  a  piece  of  stomach 
gives  no  test  for  any  combined  corrosive,  e.  g.  sulphate,  nitrite,  or  nitrate,  the 
systematic  tests  for  volatile,  vegetable,  or  mineral  irritants,  and  other  poisons 
outlined  later  must  be  applied. 

The  intestines  must  be  slit  up  and  examined  for  traces  of  the  last  meal. 
No  pains  should  be  spared  to  separate  mechanically  any  particle  of  opium,  resin, 
gum,  seed,  leaf  fragment,  or  other  extraneous  body  from  the  viscera,  as  such  a 
process  is  so  much  easier  than  any  chemical  separation  and  the  suspected  poison 
is  obtained  in  a  concentrated  form. 

The  nature  of  the  poison  and  its  vehicle  varies  according  as  the  case  is  one  of 
criminal,  accidental,  or  suicidal  homicide,  cattle  poisoning,  drugging  with  intent 
to  rob,  or  abortion. 

Vehicles.  Apart  from  obviously  suspicious  articles,  such  as  remains  of  the 
last  meal  and  the  utensils  used  in  its  preparation,  powders,  4  eye  drops  ’,  etc., 
the  following  are  examples  of  common  vehicles  in  criminal  cases. 

Porous  clay  water-bottles  or  jars  may  contain  arsenic,  copper,  or  mercury 
salts,  menstrual  blood  or  urine.  If  such  vessels  are  empty,  a  deposit  may  some¬ 
times  be  seen  outside  on  the  bottom.  Native  loaves  and  cakes  may  be  poisoned 
with  white  or  yellow  arsenic,  corrosive  sublimate,  match-heads,  powdered  glass, 
broken  needles,  hair,  and  even  strychnin.  Jars  of  cooking  butter,  coffee  and 
sugar,  dates,  figs,  and  pieces  of  sugar  cane  are  commonly  used  as  vehicles  for 
the  poison — usually  arsenic.  A  supposed  poison  often  proves  to  be  a  harmless 
substance  such  as  borax,  common  salt,  gypsum,  or  even  human  excrement. 
Native  sweets  other  than  aphrodisiac  varieties,  suggesting  4  butter  scotch  ’  or 
consisting  of  pasty  masses  of  sugar,  flour,  oil,  and  spices  resembling  4  nougat  ’, 
frequently  contain  arsenic,  mercury  globules,  hard  yellow  or  brown  fragments 
of  aconite  root,  ground-up  datura  seeds,  and  opium.  Hard  white  sweets  like 
4  sugared  almonds  ’  often  contain  the  poison  in  the  hollow  interior.  4  Love 
Philtres  ’  may  contain  a  variety  of  harmless  objects,  ranging  from  a  finger  cut 
off  the  glove  of  a  Christian,  pieces  of  paper  on  which  are  written  verses  from  the 
Koran,  to  urine  or  menstrual  blood.  Arsenic  is  sometimes  used  and  should  be 
always  tested  for. 

In  cases  of  accidental  poisoning,  excluding  those  due  to  the  injudicious  use 
of  aphrodisiacs,  the  commonest  agent  is  a  much  corroded  copper  cooking  pot, 
Suspected  copper  poisoning  is  in  many  cases  really  botulism.  If  the  case  occurs 
near  a  large  town,  the  causes  of  poisoning  may  vary  enormously,  but  in  the 
provinces  the  accidental  eating  of  poisonous  leaves,  seeds,  or  similar  substances 
(cyanogenetic  glucosides),  probably  accounts  for  the  symptoms. 

Cattle-poisoning  cases  are  practically  always  due  to  arsenic  or  yellow  oleander 
seeds.  A  common  device  is  to  hollow  out  the  central  core  of  a  corn  cob  and 
fill  up  the  resulting  space  with  arsenic.  Copper  sulphate  and  potassium  bichro- 
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mate  are  sometimes  used,  and  by  mistake  the  would-be  poisoner  frequently  puts 
in  borax,  sal-ammoniac,  iceland-spar,  or  gypsum.  The  hole  at  the  end  of  the 
cob  is  closed  with  pith  or  dough. 

Durra  leaves,  millet  heads,  or  clover  are  smeared  with  dough  containing 
arsenic,  or  this  substance  may  be  wrapped  up  in  neat  packets  with  leaves, 
while  cakes  (‘  Korsas  ’),  containing  enormous  quantities  of  arsenic,  are  common. 

The  spraying  of  crops  for  insect  pests  often  leads  to  a  high  rate  of  mortality 
among  worn-out  animals  such  as  elderly  donkeys  in  the  neighbourhood,  and  the 
hope  of  a  handsome  indemnity  for  the  loss  of  the  animal  is  nearly  always  dashed 
to  the  ground  by  the  finding  of  lumps  of  solid  yellow  arsenic  in  the  animal’s 
stomach. 

The  use  of  poisoned  ‘  Sui  ’  needles  (Chapter  38)  should  not  be  overlooked. 

Drugging  cases.  These  are  very  common  in  the  East  in  conjunction  with 
confidence  tricks.  The  poisonous  agent  is  nearly  always  henbane  seeds,  though 
occasionally  datura  is  used.  The  poison  is  put  into  sweets,  coffee,  and  especially 
into  dates  and  figs.  In  one  case  the  pips  of  a  fig  were  removed  and  replaced  by 
henbane  seeds,  only  recognizable  on  close  scrutiny.  In  most  cases  the  seeds 
are  easily  found  in  the  faeces,  if  not  in  the  stomach  washing.  In  the  neighbour¬ 
hood  of  large  towns  cocaine  and  chloral  hydrate  may  be  met  with  as  the  cause 
of  these  cases,  especially  when  occurring  in  brothels. 

Abortion  cases.  Abortion  caused  by  introduction  of  roots,  twigs,  or  pessaries 
smeared  with  vesicating  irritants  is  not  common  in  the  Middle  East.  Reference 
(1 )  page  293,  contains  an  account  of  the  plants  used  in  the  Indian  area.  Roots  and 
twigs  of  Plumbago,  Nerium  odorum,  Thevetia  neriifolia,  and  odd  twigs  smeared 
with  juice  of  ‘  madar  ’,  Calotropis  gigantea  (India),  or  with  marking  nut  juice 
and  jequirity  seeds  are  examples. 

In  most  cases  it  will  be  possible  to  prove  physiologically  the  presence  of 
a  toxic  or  even  irritant  substance  in  an  abortion  pessary,  but  the  chemical 
identification  of  the  poison,  if  of  glucosidie  or  acidic  nature,  is  impossible  for 
lack  of  specific  tests.  In  abortion  cases  due  to  the  administration  of  native  drugs, 
root  infusions,  etc.,  the  line  of  analysis  most  likely  to  give  results  is  that  of  the 
acid  ether  extract  in  the  Stas- Otto  method  for  the  extraction  of  organic  poisons. 

Aphrodisiacs.  In  many  cases  of  accidental  poisoning,  the  cause  is  attributed 
to  the  use  of  some  aphrodisiac  sweetmeat,  such  being  very  plentiful  in  the  East. 
They  range  from  the  cheaper  kinds,  consisting  of  almost  pure  sugar  or  coloured 
toffee — like  tablets  mixed  with  a  small  quantity  of  powdered  seeds,  particles 
of  hashish,  opium,  etc.,  to  dark  pasty  masses  containing  oil,  sugar,  spices, 
flavoured  with  essential  oils  and  mixed  with  a  quantity  of  the  necessary  stimu¬ 
lant.  They  are  often  made  up  as  pills  or  put  into  screw-topped  horn  boxes 
resembling  an  ointment  pot.  They  are  known  by  a  variety  of  names  :  ‘  man- 
zool  ’  (Egypt),  ‘  rif  ’  (Algeria),  ‘  majun  ’  (India).  The  favourite  aphrodisiac  is 
some  preparation  of  Cannabis  indica — ‘  hashish  ’,  4  charas  ’,  ‘  bhang  ’ — the 
name  varying  according  to  the.  part  of  the  plant  used. 

Owing  to  the  increasing  difficulty  of  obtaining  4  hashish  ’  in  some  parts  of 
the  tropics,  other  native  drugs  are  often  used,  such  as  opium,  aconite  root — 
usually  the  Nepaul  variety — powdered  datura,  or  hyoscyamus  seeds.  Ignorance 
of  the  great  toxicity  of  datura,  hyoscyamus,  and  aconite  frequently  leads  to 
death  from  an  overdose. 

Preliminary  physiological  tests.  The  analysis  of  organic  substances  being 
intricate,  time  is  saved  by  making  a  direct  test  as  to  whether  the  substance  is 
poisonous  or  not. 


806 


TOXICOLOGY 


The  material  is  extracted  with  95  per  cent  alcohol  as  follows :  It  is  air-dried 
as  far  as  possible,  reduced  to  a  state  of  fine  division — with  greasy  pastes  the  addi¬ 
tion  of  clean  sand  is  advantageous — and  ground  up  in  a  mortar  with  enough 
95  per  cent  alcohol  to  make  a  paste.  The  mixture  is  transferred  to  a  flask,  the 
mortar  rinsed  with  alcohol,  and  this,  with  additional  alcohol,  is  poured  into  the 
flask  until  the  contents  appear  as  a  thin  liquid.  Drops  of  dilute  acetic  acid  are 
added  to  produce  a  faint  acid  reaction  (use  wet  litmus  paper)  and  the  whole 
warmed  on  the  water  bath  to  50°  C.  The  flask  is  corked  and  the  mixture  well 
shaken.  When  cool  the  liquid  is  filtered  off  and  allowed  to  evaporate  at  a 
moderate  temperature  by  blowing  on  its  surface  and  occasionally  warming  on  the 
water  bath.  When  pasty  the  residue  should  be  heated  on  the  water  bath  for 
two  minutes  to  drive  off  all  traces  of  alcohol.  A  portion  is  then  rubbed  on  the 
skin  with  a  glass  rod,  using  a  very  small  quantity  at  first  and  mixing  it  with 
a  little  olive  oil  if  necessary.  Any  irritating  or  vesicating  action  is  observed. 
The  remainder  of  the  residue,  which  must  be  absolutely  free  from  alcohol,  is 
stirred  up  with  1  c.c.  of  water,  made  acid  if  necessary  with  dilute  acetic  acid, 
and  when  sufficiently  dissolved  is  just  neutralized  with  dilute  sodium  bicarbonate 
solution.  A  drop  is  now  tasted  cautiously  for  aconitin  or  strychnin  (unless 
marked  vesicating  action  has  been  observed).  0-25  c.c.  is  injected  into  the  dorsal 
lymph  sac  of  a  frog,  and  any  physiological  effects  watched  for.  If  the  result  is 
negative  the  remainder  of  the  solution  is  injected,  and  if  this  produces  no  effect 
the  substance  is  probably  free  from  vegetable  poisons.  Toxalbumins  would 
be  decomposed  by  this  method  and  should  be  extracted  as  described  under 
examination  of  ‘  Sui  ’  needles  (p.  815). 

It  is  possible  that  certain  glucosides  or  acidic  vegetable  substances  might 
not  be  extracted  sufficiently  by  the  process  described,  and  in  important  eases 
it  is  advisable  to  make  extractions  with  faintly  alkaline  hot  water,  and  to  dissolve 
the  residue  from  the  alcohol  extraction  in  alkaline  water,  making  the  final 
solution  neutral  in  both  cases  before  applying  any  physiological  test. 

By  this  test  it  is  not  only  possible  to  determine  whether  a  poison  is  pre¬ 
sent  but  also  to  deduce  its  probable  nature.  Vesicating,  mydriatic,  cardiac, 
irritant,  or  narcotic  poisons  may  be  indicated.  The  chapter  on  ‘  Poisons  ’  should 
be  consulted  as  to  the  possible  source  of  the  substance  present,  and  the  mode 
of  its  extraction  decided  accordingly. 

The  presence  of  mechanical  irritants,  e.  g.  powdered  glass,  hair,  broken 
needles,  having  been  searched  for,  any  white  or  yellow  powder  adhering  to  vessels 
or  discovered  as  a  portion  of  the  sediment  in  coffee  cups,  cooking  pots,  etc., 
should  be  dried  on  filter  paper  and  subjected  to  the  sublimation  test.  The 
substance  is  heated,  cautiously  at  first,  in  a  dry  sublimation  tube  of  5  mm. 
diameter,  using  a  small  flame,  and  any  sublimate  obtained  is  examined 
microscopically.  The  finding  of  the  characteristic  colourless  octohedral 
crystals  of  arsenious  oxide  is  evidence  of  the  presence  of  white  arsenic  or  the 
artificial  yellow  or  red  sulphides.  If  not  due  to  arsenic  a  white  sublimate 
may  be  evidence  of  mercury  or  ammonium  salts,  oxalic  and  benzoic  acids,  or  lead 
chloride.  Yellow  sublimates  may  indicate  sulphur,  antimony  oxide,  or 
sulphide  of  arsenic.  Mercury  globules  or  black  metallic  mirrors  may  be  seen, 
the  latter  due  possibly  .to  reduction  of  arsenic  by  heating  with  organic  matter. 
If  charring  does  not  occur  a  change  of  colour  without  sublimation  may 
indicate  zinc  (yellow  when  hot,  white  on  cooling),  while  oxides  of  lead,  tin,  and 
bismuth  retain  the  yellow  colour  on  cooling.  Fusion  without  change  usually 
indicates  a  stable  alkaline  salt,  and  any  perceptible  odour,  especially  of  sulphur 
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dioxide  or  nitrogen  peroxide,  should  be  noticed,  as  these  compounds  interfere 
with  Reinsch’s  test.  Yellow  substances  such  as  turmeric,  saffron,  lead  and 
barium  chromates  are  often  mistaken  by  poisoners  for  yellow  arsenic.  The 
sublimation  test  disposes  of  these  at  once. 

Gradual  heating  on  platinum,  observing  odours,  reaction  of  residue  after  the 
carbon  is  burnt  away,  easily  decides  if  a  substance  is  of  mineral,  organic,  or  of 
mixed  origin.  Red  particles  scraped  from  match  heads  containing  yellow 
phosphorus  are  easily  identified. 

If  no  characteristic  seeds,  leaf  remains,  root  fragments,  or  similar  substances 
are  to  be  seen  attention  should  now  be  directed  to  the  dejecta.  First  examine 
those  most  likely  to  contain  the  poison,  usually  the  first  vomit,  or  any  material 
of  doubtful  authenticity.  In  the  absence  of  these,  stomach  washing  or  faeces 
may  be  used,  but  the  stomach  and  its  contents,  being  the  most  valuable  of  all 
material,  should  not  be  touched  if  possible  until  it  is  a  question  not  of  finding  the 
poison  but  of  confirming  its  presence. 

Aconite  root  or  powder.  Substances  suspected  to  be  parts  ot  aconite  root, 
or  to  contain  the  powdered  root,  may  be  quickly  tested  for  aconitin  by  tasting 
them.  A  minute  quantity  is  placed  on  the  tongue  or  chewed,  when  if  aconite 
is  present  a  peculiar  tingling  and  numbness  will  be  felt  on  the  tongue  and  a  very 
characteristic  cold  feeling  on  the  fauces.  The  sensation  may  take  time  to 
develop  but  persists  for  several  hours,  a  useful  distinction  from  the  other  sub¬ 
stances  met  with  in  the  tropics  which  produce  a  somewhat  similar  though 
transient  tingling  or  burning  with  occasional  numbness.  Examples  of  such 
substances  are  the  Nerium  Oleander  root,  Gloriosa  superba,  thevetin  from 
vellow  oleander  seeds  (Thevetia  neriifolia).  Capsicum  is  such  a  common  native 
condiment  that  its  burning  effect  is  frequently  encountered. 

If  this  test  fails  or  is  not  applicable,  a  portion  of  the  substance  or  paste  is 
ground  up  in  a  mortar  with  some  95  per  cent  alcohol  acidified  with  a  few  drops  of 
acetic  acid.  If  sticky,  the  addition  of  some  fine  clean  sand  before  grinding 
ensures  a  better  extraction.  The  mixture  is  transferred  to  a  small  flask,  warmed 
on  the  water  bath  to  about  50°  C.,  well  shaken  and  put  aside  for  a  quarter  of  an 
hour.  It  is  filtered  and  the  filtrate  evaporated  to  as  dry  a  state  as  possible, 
taking  care  never  to  heat  it  above  50°  C.  This  is  done  by  occasional  warming 
on  the  water  bath  with  exposure  to  a  draught  such  as  can  be  produced  by  fanning 
or  blowing  on  the  surface.  The  residue  is  cautiously  tasted  for  aconite.  Care 
should  be  exercised,  a  very  small  quantity  only  being  tasted  at  first  and  the 
action  of  the  residue  on  the  skin  should  be  observed,  as  strong  vesicants  such  as 
cantharidin,  marking  nut  oil  ( Semecarpus  Anacardium ),  etc.  may  be  met  with 
and  cause  very  painful  effects. 

This  test  can  be  applied  to  the  aphrodisiac  pastes  (‘  manzool  ’),  sticky 
sweetmeats,  etc.,  suspected  to  contain  aconite.  If  the  test  is  positive,  toxicity 
should  be  proved  by  injecting  into  the  dorsal  lymph  sac  of  a  frog  a  small 
quantity  of  the  residue  dissolved  in  very  weak  hydrochloric  acid — the  excess 
of  acid  being  neutralized  with  sodium  bicarbonate.  The  residue  must  be  free 
from  alcohol  before  applying  the  toxicity  test. 

In  criminal  cases  I  prefer  to  work  up  the  aconitin  and  separate  it  in  the 
alkaline  chloroform  extract,  applying  the  general  alkaloid  tests  as  described 
under  the  Stas-Otto  method  for  separating  organic  poisons  (p.  837).  If  ii  is 
proved  that  there  is  present  a  toxic  basic  substance,  giving  the  general  alkaloid 
reactions  and  possessing  the  characteristic  taste,  the  evidence  is  as  conclusive  as 
the  present  state  of  knowledge  allows. 
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In  addition  to  the  vitreous  and  porcelain-like  modifications  of  the  white 
oxide,  arsenic  is  commonly  found  in  the  East  in  yellow  and  red  forms — hard, 
brittle  masses  breaking  with  a  conchoidal  fracture.  These  are  the  artificial 
sulphides  made  by  heating  white  arsenic  with  sulphur ;  they  contain  any¬ 
thing  up  to  50  per  cent  of  the  unaltered  oxide  and  are  extremely  poisonous. 
They  are  used  as  depilatories,  for  painting,  etc.  They  must  be  distinguished 
from  the  naturally  occurring  forms  of  arsenic — realgar  and  orpiment — which 
show  a  crystalline  structure,  a  more  glistening  appearance,  and  are  heavier. 
On  warming  the  artificial  sulphides  with  a  little  5  per  cent  hydrochloric  acid, 
arsenious  oxide  passes  readily  into  solution  and  the  Reinsch  test  (described  later) 
is  successful.  The  naturally  occurring  sulphides  being  practically  insoluble 
in  10  per  cent  hydrochloric  acid,  even  when  boiling,  do  not  give  the  Reinsch  test 
directly  and  are  not  toxic.  The  entire  liver  of  a  dog  which  received  20  grm.  of 
finely  powdered  natural  orpiment  daily  for  a  week  yielded  less  than  the  tenth 
of  a  milligram  of  arsenic  when  submitted  to  the  Marsh  test.  This  distinction  is 
important  if  there  is  any  question  as  to  the  form  in  which  arsenic  was  taken  by 
the  victim. 

Reinsch  test.  This  is  one  of  the  simplest  and  most  valuable  tests  known 
for  the  common  metallic  poisons — arsenic,  antimony,  and  mercury — and  when 
negative  is,  under  certain  conditions,  useful  as  excluding  these  poisons.  It 
depends  on  the  fact  that  metallic  copper  in  boiling  dilute  (10  per  cent)  hydro¬ 
chloric  acid,  reduces  and  finally  displaces  from  their  solution  soluble  compounds 
of  arsenic,  mercury,  and  antimony  (and  other  substances  mentioned  later). 
The  reduced  metal  separates  out  on  the  copper  in  the  form  of  a  coloured  film 
from  which  the  deposited  metal  can  be  recovered  by  heating  in  a  sublimation 
tube.  This  is  a  very  sensitive  test  and  in  an  amateur’s  hands  will  easily  detect 
half  a  milligram  of  these  substances  in  50  c.c.  of  fluid.  Pure  arsenic-free  hydro¬ 
chloric  acid  and  thin  copper  foil  are  necessary  for  the  test.  These  may  be  difficult 
to  obtain  in  an  out-station  but  the  test  is  so  useful  and  far-reaching  that  every 
effort  should  be  made  to  acquire  them.  The  ordinary  4  B.P.’  Acidum  Hydro- 
chloricum  Fort  :  is  usually  sufficiently  pure,  but  should  be  controlled  by  a  blank 
test,  as  described,  before  it  is  used.  To  prepare  arsenic-free  hydrochloric  acid 
the  strongest  and  purest  acid  obtainable  is  placed  in  a  large  flask  and  five  c.c.  of 
bromine  added  to  each  litre  of  acid  taken.  This  mixture  should  show  a  distinctly 
yellow  colour.  If  it  does  not  do  so  more  bromine  must  be  added.  Now  pass  in 
a  stream  of  sulphur  dioxide  gas  until  the  acid  is  completely  decolorized.  Allow 
to  stand  overnight  If  the  original  acid  taken  was  fairly  pure  and  free  from 
iron,  dirt,  etc.,  i.  e.  not  the  commercial  acid,  it  will  not  be  necessary  to  distil  it. 
The  acid  should  be  placed  in  a  large  shallow  porcelain  basin  and  two-fifths  of  it 
boiled  away  in  a  fume  cupboard,  a  strong  burner  being  used.  The  remaining 
acid  is  then  free  from  dissolved  sulphur  dioxide  and  should  be  sufficiently 
arsenic-free  for  the  purpose  of  the  test. 

If  only  commercial  acid  is  obtainable  it  must  be  distilled  after  treatment 
with  bromine  and  sulphur  dioxide.  A  stoppered  retort  should  be  used  and  the 
first  two-fifths  of  the  distillate  rejected.  If  for  any  reason  corks  have  to  be  used 
in  an  apparatus,  on  no  account  should  the  red  rubber  variety  be  employed. 

Sulphur  dioxide  is  conveniently  made  by  the  action  of  dilute  sulphuric  acid 
on  a  strong  solution  of  sodium  bisulphite.  A  tap  funnel  is  fitted  through  a  cork 
in  a  flask  or  two-necked  Woulfe’s  bottle  and  a  delivery  tube  is  arranged  in  the 
second  neck  or  through  a  hole  in  the  same  cork.  A  cooled  mixture  of  equal 
volumes  of  water  and  sulphuric  acid  (pour  the  acid  slowly  into  the  water)  is 
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placed  in  the  tap  funnel  and  allowed  to  drop  slowly  into  the  solution  of  sodium 
bisulphite  contained  in  the  flask.  The  gas  comes  off  regularly  and  the  rate  of 
its  evolution  is  controlled  by  the  number  of  drops  released  from  the  funnel  each 
minute.  A  rubber  tube  is  fitted  to  the  delivery  tube  and  is  connected  to  a  short 
length  of  straight  glass  tubing  which  dips  into  the  flask  or  bottle  containing  the 
hydrochloric  acid  to  be  decolorized. 

If  copper  foil  is  unobtainable,  copper  gauze  or  wire  can  be  used  but  is  not  so 
good.  Pieces  of  copper  tubing  should  be  avoided  as  these  contain  a  compara¬ 
tively  large  amount  of  arsenic.  Ordinary  commercial  copper  may  contain  up 
to  one  part  of  arsenic  in  a  thousand.  In  making  a  Reinsch  test  comparatively 
little  copper  dissolves  but  the  test  is  so  sensitive  that  a  control  test  with  the 
copper  used  must  be  applied  before  use.  Thin  sheet  brass  can  be  used  in  an 
emergency  provided  a  blank  test  is  performed  first. 

To  clean  copper  foil  or  brass,  dip  it  momentarily  in  fuming  nitric  acid  or  in 
a  mixture  of  water  100  parts,  strong  sulphuric  acid  100  parts,  strong  nitric  acid 
50  parts,  strong  hydrochloric  acid  2  parts  (Hankin).  It  must  be  washed  immedi¬ 
ately  afterwards  in  running  water  and  used  at  once.  Another  method  is  to 
heat  the  foil  to  redness  and  plunge  it  immediately  into  methyl  alcohol,  wash 
in  distilled  water  and  dry  with  filter  paper. 

Technique  of  the  Reinsch  test.  Fifty  cubic  centimetres  of  roughly  10-12  per 
cent  hydrochloric  acid  free  from  arsenic  (the  Acidum  Hydrochlor :  Dilutum, 
B.  P.,  or  the  purified  acid  mixed  with  an  equal  volume  of  water  can  be  used) 
containing  a  strip  of  thin  copper  foil  about  8  by  4  millimetres  area,  is  kept 
boiling  in  a  conical  flask  for  a  quarter  of  an  hour.  If  at  the  end  of  this  time 
the  copper  is  still  clean  and  bright  the  test  can  be  proceeded  with.  If  the  copper 
shows  any  signs  of  a  grey  deposit  the  materials  are  not  sufficiently  pure  for  the 
test. 

If  the  material  to  be  tested  is  bulky  it  is  better  to  concentrate  it  by  evaporat¬ 
ing  a  large  volume  of  the  fluid — urine,  vomit,  etc. — in  a  shallow  basin  heated 
over  a  water-bath.  If  the  fluid  is  acid  it  should  be  made  slightly  alkaline  by 
the  addition  of  sodium  bicarbonate.  Any  precipitate  formed  during  this  con¬ 
centration  must  be  added  to  the  test  solution. 

The  concentrated  liquid  material  or  the  pieces  of  solids,  cut  or  broken  up 
into  small  fragments,  are  introduced  slowly  into  the  conical  flask  containing  the 
tested  acid  and  copper  strip,  care  being  taken  to  guard  against  frothing.  The 
whole  is  kept  boiling  gently  over  a  small  flame,  water  being  added  from  time  to 
time  if  much  evaporation  takes  place.  The  copper  strip  is  watched  for  any 
change  in  appearance  by  observation  through  the  bottom  of  the  flask  when  held 
above  the  head.  If  any  of  the  metals  sought  is  present  a  film  varying  in  colour 
from  a  bright  silvery  appearance  through  steel-grey  to  purple  or  black  will  be 
deposited.  The  length  of  time  the  boiling  should  be  continued  depends  upon 
the  rapidity  with  which  the  film  is  formed.  In  most  cases  in  which  poison  is 
abundant  a  few  minutes  is  sufficient,  but  often  an  apparently  negative  case  will 
yield  a  deposit  if  the  contents  of  the  flask  be  kept  boiling  for  halt  an  hour. 

Silvery  mercury  films  form  almost  immediately  without  warming  if  much 
of  the  metal  is  present.  Black  bismuth  films  form  fairly  easily  and  must  not 
be  mistaken  for  arsenical  deposit.  Arsenic  and  antimony  do  not  deposit  until 
the  liquid  is  heated  nearly  to  boiling  and  usually  only  after  a  few  minutes’  actual 
boiling. 

If  much  metallic  poison  is  present  the  film  rapidly  becomes  flaky  and  the 
copper  may  even  break  up  into  small  pieces  should  boiling  be  continued  for  too 
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long  a  period.  On  the  other  hand,  if  the  film  appears  slowly  it  may  be  so  thin 
and  the  deposited  metal  so  small  in  amount,  that  the  subsequent  sublimation 
test  will  fail  for  lack  of  sublimable  substance  if  the  copper  strip  has  been  removed 
too  soon.  The  aim  should  be  to  obtain  as  thick  a  film  as  possible  without 
causing  it  to  become  flaky,  more  pieces  of  copper  being  added  if  necessary. 

If  the  copper  strip  repeatedly  dissolves  away  without  film  formation  it  shows 
that  something  is  present  which  attacks  the  copper ;  this  is  usually  due  to 
nitrates,  which  are  commonly  met  with  when  testing  soils. 

Having  obtained  a  suitable  film,  the  copper  is  now  removed,  rinsed  with 
water,  and  if  greasy  with  light  petroleum,  and  thoroughly  dried  by  pressing 
between  folds  of  filter  paper.  The  appearance  of  the  film  is  suggestive  but  such 
evidence  cannot  be  considered  conclusive.  Mercury  usually  causes  a  silvery 
film  which  may  be  zinc-grey  if  copious.  Arsenic  films  vary  from  a  bright  steel-  j 
grey  to  black.  Antimony  generally  gives  a  purple  film.  There  are  other  sub¬ 
stances  which  cause  films  ;  sulphites  and  bismuth  cause  black  films  ;  tin,  lead, 
and  selenium  compounds  give  grey  films.  The  appearance  of  a  film  on  the 
copper  strip  is  not,  therefore,  conclusive  of  any  particular  metal,  excepting 


perhaps  mercury. 
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Fig.  328.  Sublimation  tube,  containing  strips  of  copper  foil  for  Reinsch  test, 
constricted  so  as  to  show  traces  of  mercury  if  present.  A.  Copper  strips  and 
point  of  application  of  microburner.  B.  Point  at  which  any  As203  sublimate 
will  form  on  gentle  heating.  C  Point  at  which  mercury  globules  will  condense 
on  strong  heating. 

The  copper  strip  is  rolled  up  or  cut  into  strips  and  introduced  into  a  perfectly 
dry  sublimation  tube  (fig.  328)  of  small  diameter — 5  mm. — the  open  end  of  which 
is,  if  mercury  be  suspected,  drawn  out  into  a  capillary  by  means  of  the  blowpipe, 
care  being  taken  to  avoid  heating  the  copper  while  doing  this.  The  copper  strips  in 
the  tube  are  now  cautiously  heated  in  a  small  flame  and  the  formation  of  a  sub¬ 
limate  in  the  upper  cooler  part  of  the  tube  watched  for.  If  arsenic  is  present  in 
the  film  the  characteristic  octahedral  crystals  of  the  trioxide  will  be  recognizable 
under  the  microscope.  If  the  film  is  very  thin  and  only  a  minute  amount  of 
arsenic  present  it  is  difficult  to  get  satisfactory  crystals  as  the  sublimate  diffuses. 
Unless  good  crystals  are  obtained  the  test  must  not  be  considered  positive. 

If  globules  of  mercury  are  given  off  on  heating  they  are  rendered  more  easily 
visible  by  driving  them  up  into  the  capillary  with  a  small  flame.  They  should 
be  examined  both  as  shadows  by  transmitted  light  and  with  the  substage  illu¬ 
mination  cut  off  when  they  appear  as  brilliant  reflecting  spheres.  Care  must  be 
taken  not  to  mistake  very  small  drops  of  water  for  globules  of  mercury,  as  these 
by  transmitted  light  often  appear  black.  If  a  minute  speck  of  solid  iodine 
is  dropped  into  the  capillary  and  the  iodine  very  gently  heated  so  that  the  vapour 
from  it  passes  over  the  mercury  globules  the  brilliant  red  iodide  of  mercury  is 
formed. 

As  no  characteristic  sublimate  can  be  obtained  from  any  films  due  to  other 
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compounds  giving  this  test,  the  presence  of  antimony,  bismuth,  etc.,  cannot  be 
confirmed  directly.  The  deposit  from  antimony  gives  a  sublimate  which  is 
amorphous.  A  negative  result  by  no  means  excludes  the  presence  of  metallic 
poisons  in  putrefied  or  putrefiable  organic  matter — viscera,  urine,  cooked  meat, 
etc. — as  owing  to  the  hydrogen  sulphide  evolved  during  putrefaction  these 
metals  may  have  been  converted  into  their  insoluble  sulphides  which  fail  to 
respond  to  the  Reinsch  test.  While  it  is  rare  for  all  the  metal  present  to  be 
converted  into  sulphide  I  have  had  cases  in  which  pieces  of  intestine  copiously 
stained  with  yellow  sulphide  of  arsenic  failed  to  give  a  Reinsch  test  even  after 
prolonged  boiling  and  with  the  use  of  strong  acid.  Urines  and  excrement  often 
fail  to  give  a  Reinsch  test  but  show  traces  of  arsenic  easily  with  the  Marsh  test. 
Long  continued  boiling,  using  a  strong  acid,  should  be  practised  in  all  negative 
tests. 

Under  certain  conditions,  fully  oxidized  arsenic  compounds — arsenates — 
are  not  reduced  by  Reinsch’ s  process  and  no  film  is  formed,  especially  if  oxidiz¬ 
ing  substances  are  present,  but  such  a  case  is  hardly  likely  to  arise  in  tropical 
practice.  If,  therefore,  a  negative  result  is  obtained  with  dry  or  non-putrefiable 
foods,  bread,  rice,  flour,  etc.,  it  may  be  taken  as  fairly  conclusive  evidence  that 
there  is  no  criminal  admixture  with  soluble  arsenic  compounds.  (Note  the  case 
of  the  natural  sulphides.) 

Datura  poisoning  is,  so  far  as  my  experience  goes,  by  no  means  confined  to 
India  as  stated  in  many  works  on  the  subject.  Datura  is  widely  distributed, 
the  seeds  have  only  a  slight  taste  and  are  consequently  easily  introduced  into 
food  and  their  intoxicating  properties  are  widely  known.  Datura  sanguinea  is 
used  in  Peru  and  Colombia  for  making  ‘Tonga’,  a  stupefying  draught,  the 
‘  Wanga  ’  plant  of  Hayti  is  believed  to  be  a  Datura,  while  vernacular  names 
for  it  are  found  in  Persia,  Turkestan,  China,  Mexico,  etc.  The  use  of  Datura 
ferox  and  Stramonium  is  reported  in  China,  Datura  metel  in  South  America, 
and  Datura  arbor ea  in  Brazil  (Dragendorff),  and  every  observer  should  be  on 
the  watch  for  these  seeds.  They  are  usually  found  in  the  excrement  and  in 
fatal  cases  in  the  small  intestine,  if  not  in  the  vomit. 

Datura  seeds  (fig.  329)  may  be  roughly  classified  into  two  kinds,  both  of  which 
are  reniform.  Datura  alba  and  Datura  metel  are  large  brown  seeds  of  mean  length 
4-5  millimetres,  and  minimum  width  3  millimetres.  One  end  of  the  seed  is 
smaller  than  the  other  but  not  markedly  pointed.  The  sides  are  compressed, 
only  slightly  rough  and  separated  from  the  outer  margin  by  a  longitudinal 
depression.  The  outer  margin  is  angular,  bulging,  and  rough,  almost  reticulate. 
The  characteristic  point  is  the  bulging  outer  margin  with  the  longitudinal 
depression.  They  are  to  be  distinguished  from  the  large  red  pepper,  Capsicum 
annum  (C.  longum),  a  common  native  condiment  (fig.  329).  These  are  light  yellow, 
broader,  thinner,  rough  all  over  with  a  uniformly  rounded  outer  margin.  The 
margin  is  slightly  bulged  but  there  is  no  longitudinal  depression.  The  hilum  is 
produced  into  a  short  point.  Prickly  pear  seeds  are  also  somewhat  similar. 
They  are  of  about  the  same  size  as  datura  seeds  and  grey,  but  the  sides  are  rough 
and  bulge  out  from  the  outer  margin,  which  bears  a  median  prominent  rib. 
There  is  a  slight  longitudinal  depression  but  the  outer  margin  is  smooth  and 
rounded.  The  seeds  are  much  thicker  than  those  of  datura  and  are  distorted 
on  drying. 

The  seeds  of  the  second  datura  class  are  nearly  black.  They  are  reniform 
and  vary  from  2^  to  4  millimetres  in  length  according  to  age,  etc.  They  are 
relatively  thicker  than  the  seeds  of  the  brown  datura.  The  sides  are  not  so 
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Fig.  329.  Poisonous  seeds,  and  seeds  with  which  they  may  be  confused,  (a,  b,  c,  d,  e, 
f,  g,  h,  i  x  5  diameters  ;  the  small  drawings  show  the  actual  size.) 
a.  Datura  rnetel.  b.  Capsicum  annum,  c.  Capsicum  frutescens.  d.  Opuntia 
(prickly  pear),  e.  Datura  fastuosa.  f.  Datura  Stramonium,  g.  Hyoscyamus  muticus. 
h.  Withania  somnifera.  i.  Ly coper sicum  esculentum  (tomato),  j.  Abrus  precatorius 
(x  4).  k,  1.  Thevetia  neriifolia  (x2).  m.  Semecarpus  Anacardium  (natural  size), 
n,  o,  p.  Anacardium  occidentale  (natural  size). 


compressed  and  are  deeply  pitted  near  the  outer  margin,  which  is  also  pitted. 
The  margin  is  round  and  bulged,  but  there  is  no  longitudinal  depression.  These 
seeds  of  Datura  fastuosa  and  D.  Stramonium  vary  very  much  in  colour, 
sometimes  being  almost  brown.  The  seeds  of  the  small  red  pepper,  Capsicum 
minimum  (  C .  fastigiatum)  and  those  of  aubergine,  Solanum  melongena  are  similar 
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in  shape  but  thinner  and  easily  distinguished  by  the  absence  of  pits.  Tomato 
seeds  are  also  easily  distinguished  (fig.  329).  Microscopically  it  is  impossible  to 
decide  more  than  that  a  seed  fragment  belongs  to  the  Solanaceae,  but  in  narcotic 
poisoning  cases  this  is  an  indication  worth  following  up  by  a  Stas-Otto  examina¬ 
tion  for  mydriatic  alkaloids.  When  discoloured  and  imperfect  from  mastication 
or  partial  digestion  it  is  difficult  to  feel  certain  of  their  identity,  especially  as  so 
many  solanaceous  seeds  occur  in  normal  native  diets. 

Hashish.  The  following  test  was  introduced  by  the  late  Dr.  W.  Beam  of 
Khartoum,  and  its  specificity  has  not  been  disproved  during  the  several  years 
it  has  been  in  use.  A  portion  of  the  suspected  substance  is  ground  up  in  a  small 
glass  mortar  with  20  c.c.  of  light  petroleum  of  low  boiling  point.  (Petrol  can  be 
used).  After  allowing  it  to  stand  and  settle  (two  minutes)  the  light  petroleum 
is  poured  off  and  evaporated  at  a  gentle  heat  in  a  small  porcelain  dish.  When 
4  hashish  ’  is  present  an  intense  purple  coloration  is  produced  on  the  addition 
*  to  the  oily  residue  of  a  few  drops  of  freshly  prepared  10  per  cent  alcoholic 
caustic  potash.  If  only  traces  are  present  the  purple  coloration  may  take 
a  few  minutes  to  develop.  The  test  is  very  sensitive.  If  the  4  hashish  ’  prepara¬ 
tion  has  been  made  by  extraction  with  alcohol  and  prolonged  heating,  the  test 
does  not  always  succeed.  In  such  cases  Beam  recommended  the  substitution  of 
the  alcoholic  potash  by  absolute  alcohol  saturated  with  dry  hydrochloric  acid 
gas,  which  produces  a  red  coloration.  I  have  not  found  this  modification  of 
much  value.  The  flowering  tips  of  the  fresh  plant  give  the  test,  the  leaves 
and  stem  but  rarely.  If  dealing  with  a  small  particle  of  suspected  4  hashish  ’ 
from  dejecta,  the  test  can  be  carried  out  microchemically.  A  microscopical 
search  for  debris  of  Cannabis  indica  leaves  should  supplement  this  test  if 
practicable. 

Henbane,  Hyoscyamus  niger  and  H.  muticus,  etc.,  is  also  widely  distributed 
in  Asia  and  being  so  small  the  seeds  are  commonly  used  as  poison  on  the  Medi¬ 
terranean  littoral.  They  are  reniform  and  pitted  all  over,  and  vary  from  1 J  to  2 
millimetres  in  length.  They  are  usually  dark  brown.  The  pits  are  large  and 
characteristic.  The  outer  margin  is  round  and  pitted.  There  is  no  groove. 
They  are  easily  distinguished  from  poppy  seed,  fig  pips,  etc.,  by  the  prominent 
pits.  They  are  so  small  that  they  may  be  missed  unless  specially  looked  for. 
In  drugging  cases  they  are  commonly  used. 

Leaves  are  so  disintegrated  as  to  be  beyond  identification,  but  usually 
fragments  of  the  edge  bearing  a  prominent  tooth  are  suspicious  of  the  Solanaceae, 
either  datura  or  henbane.  Microscopical  fragments  of  Cannabis  indica  leaves 
are  characterized  by  the  hairs  and  glands.  In  examining  leaf  fragments  it  is 
always  well  to  consider  the  possibility  of  the  presence  of  some  of  the  poisons 
mentioned  in  chapter  38.  As  regards  poisonous  roots  identification  may  be 
established  if  sections  show  some  peculiar  character.  To  enumerate  these  for 
the  common  poisonous  roots  is  impossible  in  the  space  available.  Aconite  root 
is  easily  identified  by  chewing  a  fragment.  In  addition  to  the  poisonous  roots 
mentioned  in  the  article  on  poisons,  those  of  Delphinium ,  Plumbago  rosea , 
Gelsemium,  Calotropis  gigantea,  should  be  borne  in  mind. 

Other  examples  of  toxicological  microscopy  are  seen  in  the  identification  of 
h^tirs  from  Nux  vomica  seeds  and  St.  Ignatius  beans,  and  in  the  recognition  of 
the  structure  of  Abrus  precatorius  seeds  (see  p.  815). 

Nerium  odorum.  A  full  account  of  this  plant  and  its  botanical  and  chemical 
identification  are  given  in  Reference  5.  Recognition  is  possible,  botanically, 
but  the  chemical  reactions  obtained  are  only  indicative  of  the  presence  of 
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a  substance  of  glucosidic  origin.  There  is  no  quick  test  for  this  plant  as  there 
is  for  thevetin. 

Opium.  The  test  depends  on  the  separation  of  meconic  acid,  which  occurs 
in  combination  with  morphin  in  opium. 

The  material  is  ground  up  in  a  mortar  with  a  few  c.c.  of  90  per  cent  alcohol 
acidified  with  one  drop  of  dilute  hydrochloric  acid  (4  per  cent).  It  is  then  trans¬ 
ferred  to  a  small  flask  or  test  tube  and  warmed  to  60°  C.,  well  shaken,  and  set 
aside  to  cool.  When  cool  it  is  filtered  and  the  filtrate  evaporated  to  dryness  on 
the  water  bath,  avoiding  prolonged  heating  and  assisting  evaporation  by  blowing 
on  the  surface.  The  residue  is  stirred  up  with  1-2  c.c.  of  water,  transferred  to 
a  test  tube,  0-1  grm.  of  magnesium  oxide  added,  and  the  mixture  heated  to  the 
boiling  point.  It  is  now  filtered  while  hot,  and  the  clear  filtrate  acidified  with 
two  drops  of  dilute  hydrochloric  acid  (4  per  cent).  A  drop  of  ferric  chloride 
solution  (10  per  cent),  which  has  been  made  nearly  neutral  by  the  addition  of 
ammonia,  is  added,  when,  if  meconic  acid  is  present,  a  fine  claret-red  coloration 
will  be  produced.  As  other  substances,  e.g.  thiocyanates  and  acetates,  produce 
a  similar  red  coloration  with  ferric  chloride,  the  test  does  not  give  conclusive 
evidence  of  the  presence  of  meconic  acid,  unless  it  is  found  that  the  colour  is  not 
readily  destroyed  by  the  addition  of  cold  hydrochloric  acid  or  by  boiling 
(distinction  from  formates  or  acetates).  The  colour  should  be  unaffected  by 
adding  a  solution  of  mercuric  chloride  (distinction  from  thiocyanates).  If 
there  is  any  doubt  in  criminal  cases  as  to  the  possible  presence  or  admixture  of 
acetates,  the  meconic  acid  must  be  precipitated  as  lead  meconate  by  the  addition 
of  basic  lead  acetate  as  described  on  p.  840. 

The  solution  to  be  tested  is  often  so  dark  that  the  colour  of  ferric  meconate  is 
masked.  In  these  cases  shaking  with  animal  charcoal  and  filtering  may  be  tried, 
but  usually  recourse  must  be  had  to  the  lead  meconate  method  of  purification. 
A  positive  test  is  considered  proof  of  the  presence  of  opium.  (See  Reference  1, 
page  601.) 

Indian  Opium.  Porphyroxin  test.  The  opium  is  ground  up  with  water 
made  faintly  acid  with  acetic  acid.  The  filtered  extract  is  placed  in  a  stoppered 
cylinder  with  10  c.c.  of  ether,  enough  ammonia  added  to  make  it  distinctly 
alkaline,  and  immediately  shaken.  The  ether  layer  is  drawn  off  in  a  pipette  and 
allowed  to  evaporate  in  a  dish.  A  piece  of  filter  paper  is  repeatedly  dipped  into  it 
and  allowed  to  dry  spontaneously  after  each  immersion.  The  paper  is  moistened 
with  hydrochloric  acid  and  exposed  to  steam,  when  a  fine  rose  colour  develops, 
especially  after  drying  ;  or  the  residue  of  the  ether  extract  may  be  warmed 
with  dilute  hydrochloric  acid.  This  test  should  be  regarded  'more  as  an  indi¬ 
cating,  than  as  a  confirming,  test,  as  its  specificity  is  doubtful. 

Plumbagin,  the  supposed  anthraquinone  derivative  in  Plumbago,  is  detected  as 
follows  :  The  crushed  material  is  extracted  with  warm  90  per  cent  alcohol  for  two 
hours.  This  is  filtered  and  the  solution  evaporated  on  the  water  bath  until  all  the 
alcohol  has  been  driven  off.  The  residue  is  dissolved  in  water,  made  slightly 
alkaline  with  caustic  potash  (the  liquid  turning  crimson),  filtered,  made  acid 
with  hydrochloric  acid  (colour  fades  to  yellow),  and  shaken  in  a  stoppered 
cylinder  or  tap  funnel  with  ether  or  chloroform,  into  which  the  plumbagin  passes. 
The  ether  or  chloroform  is  separated  off,  passed  through  a  filter  moistened  with 
the  particular  solvent  used  to  remove  water  drops  and  evaporated  to  dryness 
in  a  small  porcelain  dish.  A  portion  of  the  residue  is  moistened  with  a  solution 
of  caustic  potash,  when  a  fine  crimson  colour  develops  if  plumbagin  is  present. 
Another  portion  dissolved  in  a  few  drops  of  alcohol  should  give  a  crimson  colour 
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with  a  solution  of  basic  acetate  (sub-acetate)  of  lead.  Rhubarb  root  gives  an 
extract  which  gives  a  crimson  colour  when  treated  with  caustic  potash,  but  an 
orange,  not  crimson  coloration,  when  treated  with  sub-acetate  of  lead.  This 
test,  in  conjunction  with  tests  for  vesicating  action  and  toxicity,  is  regarded  in 
India  as  sufficient  to  decide  that  the  poison  is  Plumbagin. 

Examination  of  4  Sui  ’  or  4  Sutari  ’  poison  spikes.  In  India  these  usually 
contain  the  toxalbumin  abrin  from  the  jequirity  seeds  (  Abrus  precatorius). 
Soaking  a  portion  of  the  spike  in  water  and  examining  the  vegetable  detritus  may 
result  in  the  recognition  of  parts  of  the  seeds — the  testa  consists  of  charac¬ 
teristic  columnal  cells  (Reference  1,  page  568).  4  Sui  ’  may  also  contain  aconite, 

strychnin,  curare,  strophanthin,  and  saponin  glucosides,  Croton  tiglium  frag¬ 
ments,  and  even  arsenic. 

A  Reinsch  test  detects  arsenic  if  present.  To  detect  toxalbumins  part  of 
the  dried  paste  is  soaked  in  cold  1  per  cent  saline  for  several  hours  with  occasional 
grinding  and  stirring.  The  extract  is  filtered  and  allowed  to  concentrate  in 
a  shallow  dish  without  heat  which  would  destroy  the  albumin  if  present.  When 
concentrated  a  few  drops  are  applied  to  the  eye  of  a  frog  when  marked  conjunc¬ 
tivitis  should  be  produced  if  abrin  is  present.  If  positive  a  toxicity  test  on  a  frog 
should  be  carried  out.  The  result  in  conjunction  with  microscopical  identifi¬ 
cation  of  jequirity  seed  fragments  suffices  to  determine  the  poison.  A  more 
exact  method  by  anti-abrin  precipitin  serum  is  hardly  practicable  in  the  tropics. 
There  is  no  specific  chemical  test. 

If  arsenic  and  abrin  are  apparently  absent  the  dried  paste  should  be  extracted 
with  95  per  cent  alcohol  and  analysed  for  organic  poisons  as  described  under 
the  Stas-Otto  method  (p.  837).  Before  proceeding  to  separate  the  4  acid  chloro¬ 
form  ’  and  4  alkaline  chloroform  ’  extracts  from  the  final  aqueous  extract  of  the 
paste,  toxicity  and  vesicating  action,  croton  oil  and  aconitin  taste  tests  should 
be  tried.  The  physiological  effects  may  show  whether  a  convulsant,  cardiac, 
or  paralysant  poison  is  present.  The  proof  of  the  presence  of  a  toxic  substance 
is  sufficient  so  far  as  medico-legal  evidence  is  concerned.  If  it  is  desired  actually 
to  name  the  poison  the  analysis  can  be  proceeded  with  and  croton  oil,  aconite, 
strychnin  or  brucin  identified.  It  may  be  possible  to  assign  the  poison  to  the 
glucosidic  or  curare  group,  but  with  the  small  quantities  of  material  available 
it  is  almost  impossible  to  name  it  with  sufficient  certainty  for  medico-legal 
evidence. 

Thevetin,  Yellow  Oleander  ( Tlievetia  neriifolia )  occurs  in  India  and  South 
America  and  is  largely  used  in  the  former  locality  both  for  homicidal  and  cattle 
poisoning.  Apart  from  the  identification  of  the  characteristic  triangular  seeds 
(figs.  328,  329)  the  plant  may  be  recognized  by  the  detection  of  a  glucoside  thevetin 
which  gives  characteristic  colour  reactions  which  are  easily  carried  out.  The  seeds 
and  the  inner  layer  of  the  bark  give  a  deep  blue  or  blue-green  colour  when  boiled 
with  concentrated  hydrochloric  acid.  Fragments  may  be  recognized  as  follows  : 
Extract  with  warm  90  per  cent  alcohol,  filter,  and  evaporate  to  dryness.  Soak 
the  residue  in  ether  and  pour  this  off.  Warm  a  portion  of  the  ether- washed 
residue  with  concentrated  hydrochloric  acid  when  a  blue-green  colour  is  produced 
which  is  destroyed  by  the  addition  of  potassium  permanganate.  Another 
portion  of  the  residue  is  treated  with  a  drop  of  strong  sulphuric  acid  when  a 
brown  colour  is  produced  which  turns  slowly  to  crimson  and  deep  green  at  the 
edges  on  exposure.  This  latter  reaction  is  improved  by  the  action  of  alcohol  as 
follows  :  crush  a  dry  seed  in  a  drop  of  strong  sulphuric  acid  and  add  a  lew  drops 
of  alcohol  when  a  fine  crimson  develops.  Vomit  containing  this  poison,  when 
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boiled  with  concentrated  hydrochloric  acid,  gives  a  blue  coloration.  Evaporate 
some  to  dryness,  moisten  with  concentrated  sulphuric  acid,  pour  this  off  and 
pour  on  alcohol,  a  fine  crimson  colour  appears  (Hankin).  The  glucoside  pro¬ 
duces  a  burning  sensation  on  the  tongue  together  with  tingling  of  short  duration. 

The  number  of  glucosidic  poisons  to  be  met  with  in  the  tropics  is  very  great, 
and  such  colour  reactions  as  these  should  be  confirmed  botanically  if  possible. 
The  latex  and  seeds  of  Cerbera  odallam  give  a  similar  coloration  with  hydro¬ 
chloric  acid. 

With  the  exception  of  the  tests  for  phosphorus — which  may  have  indicated 
its  presence  by  its  odour  and  by  fumes — the  preliminary  examination  is  now 
complete.  If  it  has  yielded  a  result,  the  analyst  can  proceed  to  confirm  his 
suspicions  of  the  nature  of  the  poison  by  confirmatory  tests,  according  to  the 
group  of  poisons  in  which  it  lies,  without  the  necessity  of  toiling  through  the 
other  groups.  But  if  no  result  is  obtained,  it  will  be  necessary  for  a  very  careful 
search  to  be  made  according  to  the  following  scheme. 

Owing  to  the  limited  amount  of  material  usually  provided  for  the  exam¬ 
ination,  economy  of  material  is  a  most  important  consideration,  and  inferences 
drawn  as  to  the  nature  of  the  poison  from  the  history  of  the  case  or  from  the 
findings  of  the  post-mortem  examination,  should  form  a  guide  as  to  the  order 
in  which  the  groups  are  to  be  tested.  For  example,  evidence  may  point  to  the 
presence  of  an  irritant  poison,  such  as  arsenic,  so  changed  by  putrefaction  of 
the  viscera,  that  it  fails  to  give  the  Reinsch  test  in  the  preliminary  examination. 
In  order  to  save  time  and  labour  an  acidulated  alcohol  extract,  as  in  the  Stas- 
Otto  method,  should  be  made  in  order  to  dissolve  out  organic  or  vegetable 
poisons  and  the  residue  tested  at  once  for  metals.  It  should  be  noted  that 
the  ‘  soft  ’  organs  such  as  the  kidney,  liver,  and  spleen,  are  of  less  value  in 
searching  for  vegetal  poisons  used  in  the  tropics,  than  other  material,  and 
as  the  tests  for  metallic  poisons  are  so  sensitive,  small  portions  of  these  organs 
may  be  tested  at  once  for  this  group  of  poisons,  thus  effecting  a  saving  of  time. 

Before  commencing  the  systematic  group  tests  the  following  procedure  is 
suggested  :  at  least  one-third  of  the  material  should  be  set  aside  for  control 
tests,  or  as  a  reserve  in  case  of  accidents  or  for  the  quantitative  estimation  of 
the  poison  if  this  is  required.  One-third  of  the  remainder  should  be  distilled 
for  traces  of  alcohol  or  the  volatile  poisons  and  the  residue  from  this  distillation 
should  be  used  for  the  testing  for  metallic  poisons.  The  remaining  portion 
should  be  minced  and  extracted  with  acidulated  alcohol  according  to  the  Stas- 
Otto  process  (p.  837).  The  residue  from  this  may  be  used,  if  necessary,  for 
the  determination  of  metallic  poisons. 

II.  SYSTEMATIC  SEPARATION  OF  POISONS. 

VOLATILE  POISONS. 

Phosphorus.  Except  in  the  neighbourhood  of  towns  in  which  rat  poison  can 
be  purchased,  match-heads  are  the  only  form  in  which  yellow  phosphorus  is 
met  with  in  the  tropics.  The  bright  red  fragments  are  usually  easily  seen. 
They  are  easily  identified  by  drying  and  gently  warming,  when  fumes  and  the 
characteristic  odour  of  burning  phosphorus  will  be  observed. 

Spotting  test.  Scherer’s  test  is  the  most  sensitive.  The  material,  which 
should  comprise  parts  of  the  walls  of  the  digestive  organs  as  well  as  their 
contents,  is  finely  divided  and  put  into  a  small  (400  c.c.)  flask,  cold  water 
is  run  in  to  cover  it  and  a  few  c.c.  of  cadmium  sulphate  solution  added. 
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A  few  drops  of  sulphuric  acid  is  added  to  make  the  mixture  distinctly  acid. 
The  flask  is  closed  by  a  cork  with  a  groove  cut  in  its  side  and  is  so  arranged  as 
to  support  two  strips  of  test  paper  on  opposite  sides.  The  strips  of  paper 
(5  x  0*5  cm.)  must  hang  down  inside  the  flask  without  touching  its  walls  or  each 
other,  and  must  not  be  soiled  with  the  material  to  be  tested.  The  papers  are 
made  by  soaking  good  filter  paper  in  (a)  5  per  cent  silver  nitrate  solution  and 
(b)  a  solution  made  by  adding  caustic  soda  solution  to  5  per  cent  lead  acetate 
solution  until  the  precipitate  first  formed  is  redissolved.  One  paper  of  each 
kind  is  prepared  and  used  while  moist.  The  flask  is  now  warmed  in  a  subdued 
light.  If  the  silver  paper  darkens  while  the  lead  paper  remains  unchanged, 


Fig.  330.  Apparatus  for  Mitscherlich’s  test  for  phosphorus. 

phosphorus  may  be  present.  If  the  lead  paper  also  darkens  the  test  is  incon¬ 
clusive.  If  the  silver  paper  does  not  darken  phosphorus  is  absent. 

To  confirm  the  presence  of  phosphorus,  Mitseherlich’s  distillation  test 
should  be  applied.  A  flask  of  §  litre  size  is  fitted  with  a  cork  carrying  a  long 
glass  tube  of  about  one  centimetre  diameter.  The  tube  projects  vertically 
upwards  for  a  height  of  60  cm.,  is  then  bent  through  a  right  angle  for  a  distance 
of  40  cm.  and  again  bent  at  a  right  angle  downwards,  passing  through  a  cork 
fitted  in  an  upright  condenser  supported  on  a  stand.  The  ordinary  straight 
form  of  condenser  should  be  used  (fig.  330).  The  whole  apparatus  is  arranged 
in. a  room  capable  of  being  darkened  and  a  stream  of  water  passed  through  the 
condenser.  The  flask  is  supported  on  a  tripod  or  stand  with  a  burner  below  it 
and  asbestos  cloth  or  cardboard  arranged  so  as  to  shield  the  light  of  the  burner 
from  the  observer.  An  electric  heater  is  very  convenient.  A  small  flask  is 
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placed  below  the  condenser  to  collect  any  distillate.  The  material,  suitably 
divided,  is  placed  in  the  flask,  water  added  to  fill  it  about  one  quarter  full  and 
the  mixture  acidified  with  tartaric  acid  solution.  The  apparatus  is  connected 
up  and  the  observer  waits  in  complete  darkness.  No  light  should  be  reflected 
from  the  glass  tube.  Heating  is  commenced  and  when  the  mixture  reaches  the 
boiling  point  phosphorescent  flashes  of  light  will  be  seen  proceeding  up  the  tube 
and  passing  over  into  the  condenser.  If  much  phosphorus  is  present  a  luminous 
column  will  travel  slowly  up  the  tube  and  over  into  the  condenser  ;  if  traces 
only  are  present  sudden  single  flashes  may  be  seen  in  the  horizontal  portion  and 
at  the  point  where  the  tube  enters  the  condenser.  The  light  is  very  brilliant 
and  unmistakable.  The  test  is  sensitive  ;  a  single  match  head  gives  a  glow 
lasting  fully  one  minute.  If  the  light  from  the  burner  is  not  well  shielded, 
reflected  rays  from  the  walls  of  the  glass  tube  may  give  the  observer  the  impres¬ 
sion  of  a  faint  transient  glow.  This  fallacy  is  easily  excluded  by  moving  the  point 
of  view.  Boiling  should  be  prolonged  before  a  negative  result  is  accepted.  If 
negative,  search  for  phosphorous  acid,  but  the  methods  for  doing  this  necessitate 
more  space  than  is  here  available.  Reference  4  gives  a  good  description  of  the 
process.  Owing  to  rapidity  of  oxidation,  which  when  once  complete  precludes 
any  proof  of  the  presence  of  free  phosphorus,  such  cases  should  be  examined  as 
soon  as  possible,  but  phosphorus  has  been  detected  eight  days  after  death  in  putrid 
viscera.  A  negative  finding  is  not  conclusive  of  the  absence  of  traces  of  phos¬ 
phorus  as  substances  such  as  alcohol,  carbolic  acid,  oxidizing  substances  vitiate 
the  test.  On  the  other  hand,  a  positive  test  is  not  absolutely  conclusive  if  matches 
containing  phosphorus  sesquisulphide  are  purchasable  in  the  neighbourhood, 
as  this  substance  gives  the  luminous  glow  in  Mitscherlich’s  test.  Such  matches 
were  of  German  origin  and  their  export  to  the  tropics  at  present  is  restricted. 
At  the  same  time  unless  oily  translucent  drops  of  yellow  phosphorus  are  to  be 
seen  in  the  receiver  the  result  of  the  test  is  open  to  criticism. 

Distillation  technique.  (Fig.  331.)  About  100  grm.  of  finely  cut  up  material 
— stomach,  intestines,  stomach  contents,  or  that  organ  in  which  the  volatile 
poison  is  most  likely  to  be — are  put  into  a  round-bottomed  flask  of  one  litre 
capacity,  if  necessary  a  little  distilled  water  is  added  to  make  a  thin  brew  and 
the  mixture  made  distinctly  acid  with  tartaric  acid  solution — usually  only  a  few 
c.c.  of  a  10  per  cent  solution  are  required.  The  flask  is  now  connected  by  means 
of  a  double  bored  cork  fitted  with  inlet  and  outlet  tubes  to  a  condenser  and 
steam  supply  as  shown  in  the  accompanying  figure.  The  apparatus  consists 
of  a  steam  generator,  a  water  trap,  a  Babo’s  funnel  or  sand-bath  for  supporting 
the  flask  and  heating  it  evenly,  and  a  condenser  fitted  with  an  adapter  dipping 
into  the  receiving  vessel  (a  test  tube).  The  whole  apparatus  must  be  connected 
up  and  steam  passed  through  it  for  a  quarter  of  an  hour  before  use,  in  order 
to  be  certain  that  no  accidental  contamination  with  alcohol  or  phenol,  etc.,  is 
possible.  If  very  volatile  substances  are  sought — hydrocyanic  acid,  alcohol,  or 
chloroform — a  long  condenser  is  advisable  and  the  receiver  must  be  surrounded 
with  crushed  ice.  If  cyanides  are  suspected  the  adapter  should  dip  below  the 
surface  of  a  few  c.c.  of  2  per  cent  caustic  potash  solution,  but  in  other  cases  an 
empty  receiver  is  used. 

The  mixture  flask  is  now  warmed  by  a  burner  placed  below  the  sand-bath 
and  when  hot  the  rubber  tube  from  the  steam  supply  is  connected  to  the  inlet 
tube.  Steam  is  now  passed  in  slowly,  guarding  against  the  mixture  frothing 
over  into  the  condenser.  The  distillate  is  collected  in  fractions  of  8-10  c.c.  in 
numbered  test  tubes.  Hydrocyanic  acid  distils  over  at  once  and  the  first 
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fraction  of  5-8  c.c.  usually  contains  most  of  what  is  present.  Alcohol  and 
chloroform  distil  less  readily,  and  in  the  case  of  carbolic  acid  the  distillation  may 
have  to  be  carried  on  for  some  time,  the  burner  below  the  mixture  flask  being 
removed  and  the  steam  supply  used  alone  as  sufficient  steam  condenses  in  the 
mixture  flask  and  prevents  the  mixture  becoming  too  thick.  Oily  drops  are 
often  to  be  seen  running  down  the  condenser  tube.  The  observer’s  nose  is  his 
best  guide  throughout  the  test.  The  odour  observed  during  distillation  or  in 
the  distillate  may  give  a  guide  as  to  the  next  test  necessary,  but  if  faint  or  only 
‘fishy  ’  the  following  substances  should  be  tested  for.  One  or  more  delicate 


Fig.  331.  Apparatus  for  steam  distillation.  A.  Steam  generator.  B.  Water  trap. 

C.  Flask  containing  material.  D.  Adapter  dipping  into  a  test  tube. 

If  hydrocyanic  acid,  chloroform,  or  alcohol  is  being  searched  for,  the  flasks  A  and  B  are 

not  necessary. 


‘spotting  tests  ’  should  be  applied  first  and  if  positive  followed  by  a  confirming 
test. 

Hydrocyanic  acid.  Cyanide  poisoning  cases  must  be  examined  as  soon  as 
possible,  and  all  material  to  be  tested  preserved  in  tightly  closed  vessels  in  as 
cold  a  place  as  circumstances  permit. 

If  there  is  no  distinct  smell  of  hydrocyanic  acid  in  the  distillate  a  few  drops 
may  be  acidified  with  dilute  sulphuric  acid  in  a  small  porcelain  dish  and  very 
gently  warmed  and  any  odour  noted.  Sometimes  a  peculiar  taste  is  noticed 
rather  than  a  smell  appreciated,  especially  if  the  observer  is  smoking.  A  third 
of  the  distillate  is  poured  into  a  test  tube,  made  alkaline  if  necessary  by  the 
addition  of  dilute  caustic  potash  solution,  2  drops  of  2  per  cent  freshly  made 
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ferrous  sulphate  solution  added  and  the  contents  set  aside  for  ten  minutes. 
Acidify  with  dilute  hydrochloric  acid  when  the  characteristic  coloration  of 
4  Prussian  blue  ’  may  be  seen.  If  only  traces  are  present  the  blue  colour  is  best 
observed  by  looking  down  into  the  tube.  On  standing  a  precipitate  will  form. 
Control  tests  must  be  carried  out  with  the  various  chemicals  used  and  also  prac¬ 
tice  tests  with  dilute  solutions  of  potassium  cyanide.  This  test  is  extremely 
sensitive  if  carried  out  under  these  conditions,  as  laid  down  by  Lander,  and  no 
further  test  is  necessary. 

Recent  work  on  the  occurrence  of  thiocyanates  in  putrefied  viscera  after 
cyanide  poisoning  is  not  sufficiently  advanced  to  warrant  the  use  of  a  test  for 
them  in  legal  cases. 

Cyanogenetic  glucosides.  The  presence  of  these  glucosides  in  suspected 
material  from  cases  of  accidental  poisoning — e.  g:  Phaseolus  lunatus— can 
generally  be  detected  by  chewing  a  small  piece  of  the  substance. 

If  much  material  is  available  it  should  be  macerated  in  water  in  the  distilla¬ 
tion  flask  for  an  hour  or  so  and  then  distilled  and  tested  as  described. 

Small  pieces  of  material,  if  fairly  fresh,  can  be  cut  into  thick  sections,  dipped 
in  5  per  cent  caustic  potash  in  alcohol,  then  placed  in  a  solution  of  3  per  cent 
ferrous  sulphate  containing  1  per  cent  of  ferric  chloride  and  left  for  10-15  minutes 
in  a  warm  place.  Now  transfer  to  5  per  cent  hydrochloric  acid  and  leave  for 
10  minutes.  If  a  cyanogenetic  glucoside  is  present  a  deposit  of  prussian  blue 
will  be  formed. 

Alcohol.  Spotting  tests.  A  few  drops  of  the  distillate  are  cautiously 
allowed  to  run  from  a  pipette  on  to  the  surface  of  a  10  per  cent  solution  of 
molybdic  acid  or  ammonium  molybdate  in  concentrated  sulphuric  acid  and 
warmed  to  60°  C.  in  a  small  porcelain  dish.  A  fine  blue  colour  develops  if 
alcohol  is  present.  (Not  specific).  Iodoform  test.  A  few  c.c.  of  the  distillate, 
to  which  6  drops  of  10  per  cent  caustic  potash  solution  have  been  added,  is 
warmed  in  a  test  tube  to  50°  C.  Concentrated  iodine  solution  in  potassium 
iodide  (5  per  cent  iodine  in  10  per  cent  potassium  iodide  solution)  is  now  added, 
drop  by  drop,  until  a  permanent  brown  tint  appears.  Decolorize  by  adding 
10  per  cent  caustic  potash  solution,  drop  by  drop,  until  the  colour  just  disap¬ 
pears.  Iodoform  should  be  perceptible  on  filling  the  tube  with  water  and  noting 
the  characteristic  odour.  These  tests  are  those  recognized  in  standard  work  on 
toxicology  as  indicating  the  presence  of  4  alcohol  ’,  but  as  both  are  given  by 
acetone  and  other  substances,  if  it  should  be  necessary  to  determine  the  presence 
of  ethyl  alcohol,  one  of  the  following  confirming  tests  must  be  obtained. 

Aldehyde  test.  To  a  few  c.c.  of  the  distillate  add  2  c.c.  of  potassium 
bichromate  solution  (5  per  cent),  and  then  cautiously  pour  in  0-5  c.c.  of  strong 
sulphuric  acid,  and  warm.  The  red  colour  of  the  bichromate  will  change  to 
a  green-black  and  the  clean  pungent  odour  of  acetaldehyde  be  observed. 

Ethyl  acetate  test.  To  2  c.c.  of  the  distillate  an  equal  volume  of  strong 
sulphuric  acid  is  slowly  added  while  cooling.  1-0  grm.  of  solid  sodium  acetate  is 
added  to  the  cold  mixture,  which  is  then  shaken  and  warmed.  The  characteristic 
pleasant  odour  of  ethyl  acetate  is  developed  if  alcohol  is  present. 

Carbolic  acid.  This  is  generally  only  met  with  in  cases  of  suicide,  and  con¬ 
sists,  in  the  tropics,  of  one  of  the  cheaper  preparations  of  the  methyl  phenols _ 

the  cresols — with  alkali  such  as  ‘  creolin  4  cyllin  ’,  4  Jeyes  Fluid  ’,  etc.  Pure 
phenol — carbolic  acid — is  only  found  in  traces.  Occasionally  creosote  from 
beech-wood  tar  is  found. 

In  most  cases  the  odour,  on  opening  the  stomach  at  the  post-mortem 
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examination,  is  so  conclusive  that  an  analysis  is  unnecessary,  but  tests  may 
be  required  to  prove  the  presence  of  traces  of  4  carbolic  acid  ’  in  a  vessel  which 
has  been  washed,  or  in  viscera. 

If  the  odour  of  carbolic  acid  in  the  distillate  is  too  faint  to  be  recognized  with 
certainty,  half  the  distillate  should  be  poured  into  a  separating  funnel  or  a  burette 
with  a  glass  stop-cock,  acidified  with  a  few  drops  of  hydrochloric  acid,  and  then 
shaken  with  a  few  c.e.  of  chloroform.  After  settling,  the  chloroform  is  run 
into  a  small  porcelain  dish  and  allowed  to  evaporate  spontaneously.  When 
concentrated,  a  few  drops  are  transferred  to  a  small  porcelain  dish,  or  watch  glass, 
a  minute  fragment  of  solid  caustic  potash  added,  and  the  chloroform  boiled  over 
a  micro  burner.  A  colour  change  from  red  or  lilac  to  orange  or  possibly  to  blue 
(guaiacol)  will  be  seen.  If  this  test  is  negative,  add  to  the  remainder  of  the 
chloroform  three  drops  of  5  per  cent  aqueous  caustic  soda,  and  evaporate  the 
mixture  by  blowing  on  it  while  it  is  occasionally  warmed.  Neutralize  the  final 
watery  residue  with  drops  of  dilute  sulphuric  acid,  and  observe  any  odour  of 

4  carbolic  acid  ’.  If  there  is  now  no  distinct  odour  of  phenol,  it  is  unnecessary 
to  proceed  further,  as  traces  of  phenol  are  stated  to  be  produced  in  viscera, 
as  the  result  of  putrefaction,  and  their  detection  is  of  no  legal  value  (Gadamer). 

Utensils,  bottles,  etc.,  are  easily  tested  by  washing  them  with  a  few  c.e.  of 

5  per  cent  caustic  soda  solution,  filtering  the  washings,  acidifying  with  hydro¬ 
chloric  acid  and  shaking  with  chloroform  as  described  above.  If  contaminated 
with  greasy  matter  distillation  separates  the  carbolic  acid  in  a  fairly  pure  state. 

Spotting  tests.  Warm  a  few  c.e.  of  the  watery  distillate  or  some  of  the 
chloroform  residue  with  half  its  volume  of  Millon’s  reagent.  A  fine  red  colora¬ 
tion  appears.  (Not  specific).  Millon’s  reagent  is  made  by  dissolving  mercury  in 
twice  its  weight  of  strong  nitric  acid  (S.G.  1-4)  in  a  fume  cupboard,  and  diluting 
with  two  volumes  of  water  when  all  action  has  ceased. 

Bromine  water  test.  To  a  few  c.e.  of  the  aqueous  distillate  add  bromine 
water  until  a  permanent  brown  tint  is  obtained.  A  white  to  yellow  precipitate 
or  turbidity  indicates  the  presence  of  phenols.  On  settling,  the  precipitate 
appears  crystalline  in  the  form  of  fine  needles,  changing  to  oily  droplets  if 

4  cresol  ’  is  present. 

To  5  c.e.  of  the  distillate  or  a  few  drops  of  the  chloroform  residue  diluted  to 

5  c.e.  with  water,  add  1*0  c.e.  of  4  per  cent  ammonia  and  then  very  slowly,  drop 
by  drop,  some  freshly-made  dilute  bromine  water,  when  a  fine  blue  colour  will 
develop  on  warming.  This  test  requires  practice. 

These  tests,  together  with  the  odour,  are  sufficient  to  identify  the  4  carbolic 
acid  ’  found  in  tropical  cases.  It  is  rarely  necessary  to  specify  the  presence  of 
any  particular  phenol  or  cresol,  except  in  cases  in  which  its  identity  with  a 
sample  seized  from  the  accused  must  be  proved.  For  full  details  of  the  analysis 
of  these  mixtures  of  phenol,  cresols,  guaiacol,  etc.,  see  Reference  No.  3,  Vol.  II, 
Part  II). 

The  other  poisons  of  this  group,  e.  g.  chloroform,  chloral  hydrate,  anilin, 
and  nitrobenzene  are  rarely  met  with  in  tropical  practice.  Their  odour  is 
familiar  and  characteristic.  A  useful  spotting  test  is  the  Isonitrile  reaction.  If 
a  few  drops  of  chloroform  and  anilin  are  diluted  with  water  and  warmed,  after 
the  addition  of  1-0  c.e.  of  10  per  cent  aqueous  caustic  potash,  the  intolerable 
and  characteristic  odour  of  phenylisonitrile  is  developed.  This  odour  is  easily 
distinguished  from  that  of  anilin  alone  when  heated  with  caustic  potash. 

Chloral  hydrate,  chloral,  and  iodoform  also  give  the  test  when  warmed  with 
anilin  and  caustic  potash.  Nitrobenzene,  if  first  reduced  to  anilin  and  warmed 
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with  potash  and  chloroform,  also  gives  the  reaction.  To  reduce  nitrobenzene, 
shake  some  of  the  distillate  in  a  test  tube  with  a  piece  of  granulated  zinc  and 
10  c.c.  of  strong  hydrochloric  acid.  When  evolution  of  hydrogen  has  ceased, 
pour  off  the  liquid  from  the  zinc  residue,  and  heat  with  chloroform  and  alkali. 

METALLIC  POISONS. 

Destruction  of  organic  matter  and  search  for  residual  metallic  poison.  The 

common  poisons  of  this  group  are  arsenic  and  mercury  ;  others  occasionally 
encountered  are  copper,  lead,  antimony,  and  iron  ;  while  barium,  chromium,  tin, 
and  zinc  are  rare. 

The  method  recommended  for  their  detection,  as  most  generally  apjdicable, 
is  that  of  Fresenius  and  Babo.  The  organic  material  is  heated  with  hydro¬ 
chloric  acid  and  potassium  chlorate,  when  the  chlorine  evolved  oxidizes  practi¬ 
cally  all  the  organic  matter,  only  a  residue  of  fat,  cellulose,  etc.,  remaining. 
The  metals  are,  with  the  exception  of  barium,  lead  (in  part),  and  silver,  con¬ 
verted  into  a  soluble  form  such  as  arsenic  and  antimonic  acids  and  the  higher 
chlorides  of  mercury  and  copper.  After  separating  the  insoluble  residue  by 
filtration,  the  soluble  metals  in  the  filtrate  are  subjected  to  the  usual  ‘  group  ’ 
tests  ;  arsenic,  antimony,  mercury,  copper,  tin,  and  part  of  the  lead,  being 
precipitated  as  the  sulphides  by  a  current  of  hydrogen  sulphide,  iron,  zinc,  and 
chromium  remaining  in  solution.  The  sulphides  are  filtered  off,  and  the  remaining 
metals  sought  in  the  filtrate.  Specific  tests  are  applied  to  the  precipitates  for 
the  various  metals. 

The  only  disadvantage  of  the  method  is  that  mercury  and  arsenic  form 
volatile  chlorides,  which  may  be  partly  lost  during  the  reaction  unless  pre¬ 
cautions  are  taken.  It  is  obvious  that  only  pure  chemicals  are  to  be  used,  and 
as  the  tests  are  so  exceedingly  sensitive,  control  blank  analyses  of  the  chemicals 
must  be  carried  out. 

Choice  of  material  to  be  analysed.  This  depends  on  the  circumstances  of  the 
case,  for  if  the  clinical  course  has  been  acute,  with  death  in  a  few  hours,  the 
digestive  tract  will  still  contain  most  of  the  poison.  If  much  time  elapsed 
before  death  occurred,  or  if  partial  elimination  of  the  poison  has  taken  place 
through  vomiting  and  purging,  it  is  advisable  to  examine  organs  such  as  the 
liver,  kidney,  or  spleen  by  which  the  poison  may  have  been  absorbed. 

It  is  often  only  necessary  to  establish  the  presence  of  poison,  as  in  cattle¬ 
poisoning  cases,  hence  a  mixture  of  viscera  can  be  examined,  but  in  some  cases 
it  is  useful  to  know  the  relative  amount  of  poison  in  the  digestive  tract  as  com¬ 
pared  with  that  elsewhere.  It  is  recommended,  therefore,  that  two  separate 
analyses  be  carried  out  at  the  same  time,  as,  in  addition  to  furnishing  this 
information,  they  act  as  controls  on  each  other. 

The  quantity  of  material  to  be  taken  depends  on  what  is  available,  but 
usually  150-250  grm.  of  viscera  are  sufficient  unless  ‘  traces  ’  of  poison  are 
being  looked  for,  as  after  a  history  of  a  week’s  illness.  In  such  cases  as  much 
material  should  be  taken  as  can  be  spared  or  dealt  with  in  the  apparatus 
available. 

Fluids  such  as  blood,  vomit,  or  urine,  should  be  made  alkaline  with  sodium 
carbonate  and  concentrated  on  the  water  bath  to  small  bulk.  The  original 
volume  taken  should  be  recorded.  Solids,  viscera,  bones,  etc.,  are  cut  up  into 
moderately  small  pieces. 

The  process  of  destruction.  The  material  is  placed  in  a  large  porcelain 
basin  or  round-bottomed  flask,  its  weight  being  taken  on  a  spring  balance. 
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About  two-and-a-half  times  this  weight  of  8  per  cent  hydrochloric  acid  (arsenic- 
free)  is  added,  together  with  20  c.c.  of  strong  acid  (S.G.  116)  for  every  100  grm. 
of  moist  viscera,  syrupy  urine,  etc.  No  addition  of  strong  acid  is  necessary  with 
dry  substances,  as  it  is  merely  needed  to  bring  the  total  concentration  of  acid 
up  to  about  8  per  cent.  3-0  grm.  of  potassium  chlorate  crystals,  for  each  100  grm. 
of  material  taken,  are  stirred  in,  and  the  whole  heated  on  a  boiling-water  bath 
in  a  fume  cupboard  or  under  a  hood.  It  is  important  that  potassium  chlorate 
should  be  added  before  the  heating  commences,  so  that  any  arsenic  present  in  the 
trivalent  condition — from  which  volatile  arsenic  trichloride  may  form — will  be 
quickly  oxidized  to  the  pentavalent  state.  The  dish  must  be  heated  on  a  boiling- 
water  bath  and  never  over  a  flame.  As  soon  as  the  evolution  of  chlorine  has 
ceased  more  potassium  chlorate,  in  0-5  grm.  quantities — preferably  in  large 
crystals  or  lumps — is  added  every  ten  minutes  or  so.  The  mixture  is  stirred 
occasionally  until  all  the  tissue  has  broken  down  and  the  liquid — often  covered 
by  a  layer  of  brown-coloured  fat — has  assumed  a  yellow  colour  which  no  longer 
darkens  on  being  heated  for  15  minutes,  no  further  potassium  chlorate  being 
added.  Potassium  chlorate  must  not  be  allowed  to  accumulate  as  a  deposit  at 
the  bottom  of  the  dish  or  the  reaction  may  become  violent. 

With  substances  containing  little  organic  matter  the  operation  is  complete 
in  about  an  hour  and  a  half,  but  liver,  kidney,  and  other  solid  structures  of 
a  fatty  nature,  especially  if  hardened  by  formalin,  may  take  up  to  three  hours 
to  oxidize  thoroughly.  From  time  to  time  a  little  additional  water  is  required 
to  make  up  for  loss  by  evaporation,  and  for  every  10-0  grm.  of  chlorate  used 
60  c.c.  of  strong  hydrochloric  acid  must  be  added.  Unless  the  concentration 
of  the  acid  is  kept  up  there  will  be  no  evolution  of  chlorine  on  the  addition  of 
potassium  chlorate,  and  excess  of  this  salt  may  accumulate  and  cause  difficulty 
in  later  operations.  The  object  to  be  aimed  at  during  this  process  is  a  slow  but 
continuous  evolution  of  chlorine,  as  the  gas,  when  suddenly  liberated,  escapes 
without  performing  much  oxidation.  Before  removing  the  mixture  from  the 
water  bath  a  pinch  of  chlorate  is  added,  and  the  basin  removed  as  soon  as  the 
evolution  of  chlorine  has  ceased. 

If  mercury  is  suspected,  especially  if  traces  are  being  looked  for,  it  is  better 
to  carry  out  the  destruction  in  a  round-bottomed  flask,  with  a  funnel  or  vertical 
condenser-tube  fitted  in  the  neck.  '  Possibly  traces  of  mercuric  chloride  may 
be  lost,  but  the  amount  is  not  serious  unless  the  heating  is  prolonged. 

If  barium  is  suspected  a  few  drops  of  dilute  sulphuric  acid  are  added  to 
precipitate  it  as  sulphate,  and  the  mixture  is  then  allowed  to  cool. 

If  lead  is  suspected  the  mixture  should  be  filtered  while  warm,  water  being 
added  to  prevent  the  concentrated  acid  breaking  through  the  filter  paper.  In 
other  cases  it  should  be  filtered  cold  through  a  filter,  previously  wetted  with 
water,  to  prevent  oil  passing  through.  The  basin  and  residue  are  washed  out 
with  distilled  water  which  is  poured  on  the  filter,  and  the  material  on  the  filter 
is  repeatedly  washed  with  water  which  passes  into  the  filtrate.  The  residue  on 
the  filter,  consisting  of  fat,  cuticle  of  maggots,  cellulose,  etc.,  will  contain  any 
silver  or  barium  present  and  part  of  the  lead  in  insoluble  form. 

Examination  of  the  solid  residue  left  after  destruction.  This  examination  is 
only  necessary  if  traces  of  lead  are  found  in  the  analysis  of  the  liquid  obtained 
on  destroying  the  organic  matter,  or  if  barium  is  suspected.  Silver  would  be 
found  by  this  process  if  present.  Poisoning  by  barium  or  silver  is  very  rare. 

The  greasy  mass  is  removed  from  the  filter  and  thoroughly  incinerated  in 
a  porcelain  dish  or  crucible.  The  ash  is  ground  up  with  a  mixture  of  equal  parts 
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of  potassium  nitrate  and  anhydrous  sodium  carbonate.  The  mixture  is  trans¬ 
ferred  to  a  red  hot  porcelain  crucible  in  small  portions  at  a  time,  and  the  whole 
thoroughly  fused.  On  cooling,  the  crucible  and  contents  are  transferred  to 
a  beaker  containing  water,  and  heated  on  the  water  bath  until  the  fused  mixture 
has  become  detached.  Excess  of  sodium  carbonate  is  added  to  saturate  the 
solution,  and  a  current  of  carbon  dioxide  passed  through  the  turbid  liquid  for 
two  minutes.  The  liquid  is  boiled  for  ten  minutes  and  allowed  to  settle.  The 
supernatant  liquid  is  poured  off,  distilled  water  added,  and  the  sediment  allowed 
to  settle.  The  water  is  poured  off,  and  this  process  of  washing  by  decantation 
repeated  until  the  wash  water  is  free  from  sulphates  and  chlorides. 

Test  for  the  green  barium  flame  reaction  by  taking  up  a  small  quantity  of 
the  residue  on  a  clean  platinum  wire,  acidifying  with  hydrochloric  acid,  and 
heating  it  in  the  flame  of  a  burner. 

The  sediment  is  warmed  on  the  water  bath  with  a  few  c.c.  of  strong  nitric  acid 
(S.G.  1*4)  until  no  more  dissolves.  The  acid  is  diluted  with  water  and  filtered. 
The  clear  solution  will  contain  the  nitrates  of  silver,  lead,  and  barium.  Evaporate 
to  dryness,  and  dissolve  the  residue  in  5  c.c.  of  warm  water.  This  solution  can 
be  quickly  tested  as  follows.  A  white  precipitate  or  turbidity,  after  addition  of 
dilute  hydrochloric  acid  to  a  portion,  indicates  silver  or  lead.  If  this  is  soluble 
in  ammonia,  silver  is  indicated.  Add  to  another  portion  a  few  drops  of  a  solution 
of  glucose,  or  tartaric  acid,  or  formalin,  and  warm.  A  black  or  silvery  deposit 
confirms  silver. 

Barium.  To  another  portion  add  a  few  drops  of  dilute  sulphuric  acid. 
A  white  turbidity  or  precipitate  indicates  barium  or  lead.  Add  some  hydrogen 
sulphide  water  ;  if  the  precipitate  turns  black  it  is  due  to  lead.  If  there  is  no 
precipitate  with  sulphuric  acid,  it  is  unnecessary  to  test  further  for  barium. 

The  following  tests  confirm  the  presence  of  barium.  The  flame  test  with 
the  dried  residue  on  a  platinum  wire  has  already  been  described.  A  few  drops 
of  the  solution  are  neutralized  with  ammonia,  acidified  with  acetic  acid,  and 
a  drop  of  potassium  bichromate  solution  added.  A  dense  yellow  precipitate  of 
barium  chromate  should  form  and  should  not  dissolve  in  excess  of  caustic 
potash. 

The  addition  of  potassium  iodide  solution  to  another  portion  of  the  barium 
solution  should  not  produce  any  precipitate.  (Distinction  from  lead.) 

Lead.  The  tests  are  given  later  (p.  830). 

Mixtures  of  lead  and  barium.  If  such  a  mixture  is  suspected  from 
apparent  confusion  in  the  above  tests,  lead  is  easily  separated  from  barium  by 
passing  hydrogen  sulphide  through  the  solution,  acidified  with  hydrochloric 
acid  and  filtering  off  the  black  precipitate  of  lead  sulphide.  Barium  is  sought 
for  in  the  filtrate,  after  boiling  it,  to  drive  off  the  hydrogen  sulphide.  The  lead 
sulphide  is  dissolved  up  in  warm  dilute  nitric  acid  (12  per  cent)  and  tests  applied 
to  the  solution. 

'  The  question  as  to  whether  the  barium  detected  was  absorbed  in  a  toxic 
form  can  be  proved  chemically  only  if  a  soluble  salt  of  barium  can  be  extracted 
from  the  vomit,  viscera,  etc.,  by  hot  water  or  dilute  hydrochloric  acid.  Barium 
carbonate  is  poisonous.  The  extract  obtained  is  filtered,  evaporated  to  dryness, 
any  organic  matter  destroyed  by  evaporating  several  times  with  small  quantities 
of  strong  nitric  acid,  and  the  filtered  aqueous  extract  of  the  residue  tested  as 
described. 

Examination  of  the  filtrate.  The  yellow  or  orange  colour  masks  that  of  any 
coloured  metallic  salt  that  may  be  present.  Preliminary  tests  are,  as  a  rule, 
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useless  at  this  stage,  but  should  be  tried  if  much  of  a  particular  metal  is  thought 
to  be  present.  A  measured  fraction  of  the  filtrate  is  poured  off  and  tested  for 
copper  by  the  addition  of  ammonia.  Mercury  is  detected  by  the  Reinsch  test 
(p.  808).  Arsenic,  being  in  the  penta valent  condition,  will  not  respond  to  this 
test  unless  in  large  amount  and  after  long  boiling.  It  is  advisable  to  boil  the 
liquid  with  a  pinch  of  sodium  metabisulphite  first,  making  sure  that  all  sulphur 
dioxide  is  driven  off  before  putting  in  the  slip  of  copper.  Crystals  of  arsenious 
trioxide  must  be  obtained,  as  the  blackened  deposit  on  the  copper  may  be  due 
to  the  sulphur  dioxide. 


A  B  C 

Fig.  332.  Apparatus  for  electrolytic  detection  of  mercury. 

A.  Section  of  beaker  containing  material  with  platinum  wires  arranged  for  a  test. 
B.  The  platinum  spiral  in  drying-tube  after  electrolysis.  C.  The  platinum  spiral  in 
sublimation  tube  with  constriction  in  which  mercury  globules  will  condense. 


Without  further  treatment  the  test  for  traces  of  mercury  by  electrolysis  (if  a 

continuous  current  is  obtainable)  may  be  applied  at  this  stage  (fig.  332).  The  filtrate 
is  poured  into  a  large  beaker  in  which  two  platinum  electrodes  dip.  The  negative 
electrode  consists  of  a  spiral  of  six  turns  of  platinum  wire  made  by  winding  the 
end  of  the  wire  round  a  glass  rod  of  3-4  mm.  diameter.  The  spiral  is  pulled 
out  to  a  length  of  1-1*5  cm.  ;  and  the  terminal  coil  is  turned  with  a  forceps  so  as 
to  make  a  ring  for  suspending  it  by  when  held  upside  down.  The  other  electrode 
is  made  by  welding  a  small  piece  of  platinum  foil  to  a  length  of  platinum  wire. 
This  is  easily  done  if  the  end  of  the  wire  and  the  foil  are  heated  in  a  blowpipe 
flame  while  supported  close  together  ;  a  hammer  is  held  behind  them  as  an 
anvil  and  is  suddenly  struck  by  another. 

Before  use  both  electrodes  are  heated  throughout  their  entire  length  to  bright 
redness,  and  are  not  allowed  to  touch  anything  until  they  are  put  into  the 
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beaker.  They  are  adjusted  by  bending  the  wire  over  the  edge  of  the  beaker  on 
opposite  sides  of  it,  the  spiral  dipping  just  below  the  surface  of  the  liquid,  the 
other  electrode  being  well  immersed.  A  continuous  current  of  about  one-tenth 
ampere  (a  10  c.p.  lamp  in  series  with  a  continuous  current  main  serves  well), 
or  the  direct  current  from  a  small  battery  of  accumulators  is  passed  from  the 
foil  electrode  towards  the  spiral  electrode  for  6-12  hours  (during  the  night). 
Without  interrupting  the  current  the  spiral  is  removed  sideways,  to  avoid  the 
scum  of  fat  round  it,  and  washed  with  distilled  water  in  a  small  beaker. 

The  spiral  has  to  be  dried  before  the  mercury  deposit  can  be  driven  off  and 
seen  clearly.  A  glass  rod  is  fitted  through  a  cork,  and  the  end  drawn  out  in  the 
form  of  a  small  hook.  The  cork  is  fitted  into  a  test  tube  or  a  small  bottle  con¬ 
taining  a  drying  agent,  such  as  strong  sulphuric  acid  or  a  little  phosphorus 
pentoxide.  The  glass  hook  having  been  previously  heated  and  cooled  is  thrust 
through  the  terminal  loop  of  the  platinum  spiral,  which  is  allowed  to  hang 
downwards  from  it.  The  wire  is  cut  off  as  close  to  the  spiral  as  possible  by 
a  pair  of  small  scissors,  the  cutting  tips  of  which  have  been  heated  to  redness 
and  cooled.  Any  drops  of  water  adhering  to  the  spiral  are  removed  by  contact 
with  a  piece  of  filter  paper,  and  the  spiral  hung  up  to  dry  inside  the  test  tube 
with  the  dehydrating  agent.  After  three  hours  the  spiral  is  slipped  into  a  sub¬ 
limation  tube — previously  heated  to  softening  point  and  cooled — the  tube 
drawn  out  to  a  capillary,  and  the  mercury  globules  driven  off  and  examined  as 
described  under  ‘  Reinsch  Test  ’  (p.  808).  The  test  is  very  sensitive.  The  greatest 
cleanliness  must  be  observed,  and  the  test  is  best  carried  out  in  the  open,  as  the 
presence  of  minute  amounts  of  mercury  vapour  in  the  atmosphere  of  the 
laboratory  may  vitiate  the  result.  A  blank  test  should  be  done  in  every  case. 
A  very  minute  trace  of  mercury  should  be  disregarded,  unless  perfectly  clean 
blank  tests  are  obtained. 

The  process  does  not  affect  any  arsenic  present.  Traces  of  copper  and 
bismuth  may  deposit  on  the  spiral,  but  can  be  recovered  by  warming  the  spiral 
after  the  test  with  a  few  drops  of  strong  nitric  acid,  evaporating  this  to  dryness, 
dissolving  in  hot  8  per  cent  hydrochloric  acid  and  adding  it  to  the  filtrate. 

Precipitation  by  hydrogen  sulphide.  The  filtrate,  whether  it  has  been  tested 
for  mercury  or  not,  is  warmed  in  a  conical  flask,  and  air  blown  or  sucked  through 
it  for  an  hour,  to  displace  any  dissolved  chlorine.  The  liquid  has  a  faint  persistent 
smell  of  chlorine  and  visceral  matter.  Distilled  water  is  added  to  bring  up  the 
volume  to  about  double  that  of  the  8  per  cent  hydrochloric  acid,  originally  taken 
for  the  ‘  destruction  ’,  and  a  few  grams  of  potassium  metabisulphite  added. 
The  liquid  is  then  raised  to  boiling-point,  and  kept  hot  over  a  small  flame  until 
the  odour  of  sulphur  dioxide  has  disappeared.  A  stream  of  arsine-free  hydrogen 
sulphide  (p.  836)  is  now  passed  through  the  liquid  until  it  has  cooled,  and  for 
a  further  hour  (fig.  333).  The  flask  is  closed  by  a  plug  of  cotton  wool  and  stood 
aside  for  the  night  in  a  moderately  warm  place. 

The  colour  of  the  precipitate  formed  is  practically  valueless  as  a  guide  if 
much  organic  matter  has  been  destroyed,  as  sulphur  and  yellow  or  brown 
insoluble  sulphur  compounds  of  organic  substances  are  almost  always  precipi¬ 
tated.  Similarly  the  absence  or  appearance  of  only  a  faint  precipitate  is  no 
proof  of  the  absence  of  arsenic  until  the  Marsh  test  has  been  applied  (p.  833). 

The  liquid  must  possess  a  distinct  smell  of  hydrogen  sulphide,  otherwise  the 
gas  must  be  passed  through  it  for  another  hour,  after  which  it  is  allowed  to  stand 
aside  for  12  hours.  If  searching  for  traces  of  arsenic  allow  the  filtrate  to  stand 
36  hours.  The  liquid  is  filtered  through  a  clean  white  filter  paper,  the  flask 
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rinsed  out,  and  the  precipitate  washed  with  a  little  distilled  water  containing 
1  per  cent  of  ammonium  nitrate.  The  washings  are  added  to  the  filtrate. 

We  have  now  on  the  filter  a  precipitate  containing  any  arsenic,  antimony, 
mercury,  copper,  lead  (part  only),  and  tin,  as  well  as  bismuth  (if  given  medicinally 
to  the  victim).  The  filtrate  contains  any  chromium,  zinc,  or  iron  which  may  be 
present. 

Examination  of  the  precipitate.  This  is  usually  still  impure  with  sulphur, 
sulphur  compounds  of  organic  substances,  etc.,  and  must  be  purified.  If  arsenic 


Fig.  333.  Apparatus  showing  the  passage  of  hydrogen  sulphide  through  the 
filtrate  after  4  destruction  ’  to  precipitate  arsenic,  etc.  A.  Gas  generator  of  2 
litres  capacity.  B.  Wash  bottle  containing  water  of  200  c.c.  capacity.  C.  Flask 
containing  filtrate. 


alone  is  present  a  special  treatment  is  used,  details  of  which  are  given  below, 
otherwise  one  of  the  two  following  methods  of  purification  should  be  used. 

Bromine  method.  The  filter  paper  with  precipitate  is  torn  up  and  placed 
in  a  small  flask,  25  c.c.  of  8  per  cent  hydrochloric  acid  is  added  and  0*5  c.c. 
of  pure  bromine,  or  if  there  is  much  sulphur  1*0  c.c.  of  bromine  should  be  used. 
The  flask  is  heated  on  a  boiling  water  bath,  until  the  vapour  of  bromine  is  no 
longer  visible,  and  it  should  be  shaken  from  time  to  time.  If  any  undissolved 
dark  lumps  of  precipitate  remain  a  further  0-5  c.c.  of  bromine  should  be  added 
and  the  process  repeated.  The  flask  and  residue  are  washed  with  distilled 
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water,  using  as  little  as  possible,  the  washings  added  to  the  filtrate,  and  the 
liquid  is  boiled  for  one  minute. 

Alternative  methods  for  dissolving  the  sulphides.  Method  capable 
of  dissolving  all  sulphides.  If  pure  bromine  is  not  available  the  precipitate 
can  be  dissolved  in  hydrochloric  acid  with  the  aid  of  potassium  chlorate.  The 
precipitate  is  placed  in  a  small  flask  with  25-30  c.c.  of  8  per  cent  hydrochloric 
acid  and  a  few  small  crystals  of  potassium  chlorate  added.  The  flask  is  now 
heated  on  a  boiling  water  bath  and  shaken  from  time  to  time.  If  necessary 
a  crystal  of  potassium  chlorate  should  be  added  occasionally  until  the  pre¬ 
cipitate  has  dissolved  or  become  white  (residue  of  sulphur)  and  the  filter  paper 
has  disintegrated.  The  solution  is  cooled,  filtered,  and  the  flask  and  residue 
on  the  filter  washed  with  distilled  water,  the  washings  being  added  to  the 
filtrate.  In  using  this  method  it  is  important  to  avoid  adding  more  potassium 
chlorate  than  is  necessary. 

If  arsenic  alone  is  present  (copper  known  to  be  absent)  the  filter  paper 
bearing  the  precipitate  is  torn  up  into  small  pieces  and  placed  in  a  small  flask 
or  porcelain  dish.  20  c.c.  of  dilute  ammonia  (6-7  per  cent  or  2  parts  liquor 
ammonife  and  1  part  water)  are  added  and  the  whole  gently  warmed  and 
shaken.  After  five  minutes  treatment  the  dark  coloured  liquid  is  poured  off 
and  reserved  and  the  residue  in  the  flask  re-extracted  with  a  fresh  portion  of 
dilute  ammonia  until  the  residue  is  colourless  and  no  more  colour  is  extracted. 
The  united  ammoniacal  solutions  are  now  evaporated  on  a  boiling  water  bath 
nearly  to  dryness  and  2  c.c.  of  strong  nitric  acid  added  cautiously.  The  evapora¬ 
tion  is  now  continued  to  dryness.  If  much  organic  matter  was  present  mixed 
with  the  precipitate  of  arsenious  sulphide  the  residue  will  be  coloured  brown 
and  must  be  repeatedly  moistened  with  1-2  c.c.  of  strong  nitric  acid  and 
evaporated  to  dryness  until  a  yellow  residue  is  obtained.  If  much  sulphur 
appears  to  be  present  the  arsenic,  now  in  the  form  of  arsenic  acid,  must  be 
separated  by  extraction  with  solution  of  ammonium  carbonate.  The  residue 
is  warmed  with  5  c.c.  of  a  25  per  cent  solution  of  ammonium  carbonate  and 
stirred.  After  5  minutes  extraction  the  solution  is  filtered  off  and  the  residue 
again  extracted  with  a  fresh  5  c.c.  of  the  ammonium  carbonate  solution.  The 
united  filtrates  are  now  evaporated  to  dryness  on  a  boiling  water  bath,  moistened 
with  2  c.c.  of  strong  nitric  acid  (free  from  chlorine)  and  again  evaporated  to 
dryness.  The  residue  should  now  be  pale  yellow  in  colour.  The  dish  is  cooled 
and  6-10  drops  of  strong  sulphuric  acid  are  added  from  a  pipette  and  allowed 
to  soak  into  the  residue  by  tilting  the  dish  from  side  to  side.  The  dish  is  now 
heated  over  wire  gauze,  holding  the  burner  in  the  hand  and  imparting  a  circular 
sweep  to  the  flame  round  the  bottom  of  the  dish  until  dense  white  fumes  are 
evolved.  Allow  the  dish  to  cool  and  examine  the  residue  to  see  if  charring  or 

o 

blackening  of  burnt  organic  matter  has  taken  place.  If  no  charring  is  observed 
the  process  is  complete,  but  if  a  charred  residue  is  seen  it  is  necessary  to  drive  off 
all  the  sulphuric  acid,  heating  the  dish  over  wire  gauze  as  described  above 
until  white  fumes  cease  to  be  evolved.  In  doing  this  there  is  risk  of  losing 
the  arsenic.  Firstly,  the  dish  must  on  no  account  be  allowed  to  get  red  hot 
at  any  point,  and  secondly,  if  any  smell  of  sulphur  dioxide  is  noticed  heating 
must  be  stopped  at  once  and  after  cooling  the  residue  must  be  evaporated 
again  with  nitric  acid  as  described  and  subsequently  subjected  to  the  treatment 
with  sulphuric  acid. 

The  residue  is  now  dissolved  in  20  c.c.  of  warm  dilute  sulphuric  acid  or 
hydrochloric  acid  and  the  extract  filtered,  when  a  clear  odourless  solution 
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should  be  obtained.  This  method  is  suitable  for  preparing  solutions  for  the 
Marsh  test. 

A  precipitate  IN  which  copper,  lead,  or  bismuth  is  to  be  confirmed  is 
easily  brought  into  solution  by  pouring  10  c.c.  of  hot  nitric  acid  (1-2)  on  to  the 
filter,  collecting  the  filtrate  in  a  test  tube  and,  after  heating  it,  again  pouring 
it  through  the  filter.  The  filtrate  is  now  evaporated  to  dryness  over  a  small 
flame.  The  residue  is  dissolved  in  water  and  yields  a  solution  of  the  nitrate 
of  the  metal.  If  bismuth  is  present  a  turbidity  of  the  basic  nitrate  is  apparent. 
Traces  of  lead  sulphate  may  remain  undissolved. 

Systematic  analysis  of  the  solution  of  the  sulphides.  The  liquid  may  contain 
mercury,  lead,  copper,  arsenic,  antimony,  and  possibly  bismuth  as  this  is  often 
given  medicinally.  Usually  not  more  than  one  metal  is  present  but  mixed 
poisons  are  sometimes  used,  the  commonest  being  mixtures  of  mercury  with 
arsenic,  and  copper  with  arsenic. 

The  Marsh  test  for  arsenic  is  affected  by  the  presence  of  mercury,  bismuth, 
and  copper  (if  in  large  amount),  while  confusion  between  arsenic  and  antimony 
is  also  possible  unless  preliminary  tests  are  made.  The  liquid  is  poured  into 
a  graduated  cylinder  and  a  measured  volume  poured  off  for  the  preliminary 
tests.  A  cubic  centimetre  is  neutralized  with  ammonia  in  a  test  tube  and 
a  few  drops  of  solution  of  ammonium  carbonate  added. 

If  no  precipitate  is  produced,  arsenic  alone  (or  possibly  traces  of  antimony 
and  mercury)  is  present  and  can  be  tested  for  directly  by  the  Reinsch  or  Marsh 
tests. 

If  a  white  precipitate  is  formed,  mercury,  lead,  bismuth,  antimony  or  tin 
may  be  present  ;  copper  if  present  (except  in  traces)  yielding  a  blue  solution 
If  arsenic  is  being  tested  for  it  must  be  separated  from  these  metals  unless 
present  in  such  quantity  that  a  Reinsch  test  can  be  obtained. 

The  next  procedure  necessarily  depends  on  the  particular  metal  to  be  tested 
for,  but  in  the  absence  of  definite  indications  tests  should  be  made  in  the  follow¬ 
ing  order. 

Arsenic.  The  solution  contains  arsenic  in  the  fully  oxidized  form,  and  if 
present  in  small  amount  the  Reinsch  test  may  not  effect  sufficient  reduction 
to  produce  a  definite  deposit  on  the  copper  strip.  A  few  c.c.  of  the  solution, 
acidified  if  necessary  with  half  its  volume  of  strong  hydrochloric  acid,  are  warmed 
in  a  test  tube  and  2-3  drops  of  stannous  chloride  solution  added  (10  per  cent 
in  10  per  cent  hydrochloric  acid).  Boil  the  liquid  and  cool  under  the  tap.  No 
odour  of  bromine  or  chlorine  should  be  perceptible,  but  if  noticed  treatment 
with  another  2  drops  of  stannous  chloride  should  be  made. 

A  small  strip  of  copper  is  added  and  a  Reinsch  test  (p.  808)  carried  out. 
Distinct  crystals  must  be  obtained.  Indications  of  mercury,  antimony,  and 
bismuth  will  be  obtained  if  these  are  present.  If  the  test  is  negative,  probably 
only  traces  of  arsenic  (if  any)  are  present  and  the  Marsh  test  must  be  applied 
if  the  examination  calls  for  rigorous  exclusion  of,  or  proof  of,  traces  of  this 
metal.  If  the  solution  of  the  suspected  arsenic  precipitate  has  been  prepared 
by  warming  with  hydrochloric  acid  and  potassium  chlorate  it  is  possible  that 
excess  of  chlorate  may  still  be  present  and  have  vitiated  the  test.  If  this  is 
the  case  a  strong  odour  of  chlorine  will  be  noticed  on  boiling  the  liquid  during 
the  Reinsch  test  (p.  808).  The  preparation  of  solutions  for  the  Marsh  test  and 
the  separation  of  arsenic  from  other  metals  are  described  on  p.  831. 

Mercury.  This  may  have  been  detected  already  in  the  preliminary  exami¬ 
nation  or  by  the  electrolytic  test.  If  not,  a  measured  fraction  of  the  liquid 
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is  poured  off  and  1-2  c.c.  boiled  in  a  test  tube  with  a  small  strip  of  copper  as  in 
the  Reinsch  test.  If  the  copper  shows  no  sign  of  any  grey  or  silvery  deposit 
after  short  boiling  the  test  tube  is  put  into  a  vessel  of  boiling  water  for  half  an 
hour  and  again  examined.  Mercury  globules  can  be  tested  for  as  described 
under  ‘  Reinsch  test  ’. 

It  must  be  remembered  that  bismuth,  arsenic,  antimony,  and  tin  may  be 
deposited  at  the  same  time  but  if  only  traces  of  arsenic  or  antimony  are  present, 
these,  being  in  the  fully  oxidized  condition,  may  not  deposit. 

Copper.  A  few  drops  of  the  liquid  are  put  on  a  watch-glass  and  drops  of 
ammonia  added  until  the  mixture  smells  of  ammonia  after  stirring.  A  fine  blue 
colour  indicates  copper  but  is  only  seen  if  an  appreciable  amount  is  present. 
If  the  colour  is  very  faint  the  following  tests  for  traces  of  copper  can  be  applied, 

Dilute  1*0  c.c.  of  the  liquid  with  an  equal  volume  of  water  and  add  a  drop  of 
solution  of  potassium  ferrocyanide  and  a  few  drops  of  dilute  acetic  acid.  A  brown 
coloration  of  copper  ferrocyanide  settling  as  a  precipitate  on  standing  indicates 
copper.  Sometimes  a  faint  blue  or  green  colour  due  to  traces  of  iron  is  noticed. 

If  a  drop  of  solution  of  a  copper  salt  with  a  drop  of  hydrobromic  acid  is 
allowed  to  evaporate  slowly  by  exposure  on  a  watch-glass,  a  rose-red  or  violet 
coloration  is  produced. 

Copper  is  conveniently  separated  from  its  solution  on  to  a  platinum  electrode 
by  electrolysis.  Alternatively  a  piece  of  platinum  wire  may  be  twisted  round 
a  rod  of  zinc  and  the  free  ends  of  both  allowed  to  dip  into  the  solution  to  be 
examined.  After  half  an  hour  the  copper  is  dissolved  off  the  platinum  with 
a  few  drops  of  hot  dilute  nitric  acid,  the  solution  evaporated  to  drive  off  excess 
of  acid,  redissolved  in  a  few  drops  of  water  and  the  tests  already  described 
applied.  The  platinum  wire  with  the  deposit  can  be  held  over  the  mouth  of 
a  test  tube  in  which  a  few  crystals  of  potassium  bromide  are  being  warmed 
in  1*0  c.c.  of  strong  sulphuric  acid.  A  violet  coloration  of  the  deposit  indicates 
copper. 

Lead.  A  few  drops  of  the  liquid  are  absorbed  by  a  small  strip  of  filter  paper 
and  exposed  to  (1)  ammonia  vapour  and  (2)  a  stream  of  hydrogen  sulphide  gas. 
A  black  coloration  indicates  lead  (in  the  absence  of  mercury,  bismuth,  and 
copper). 

If  a  negative  result  is  obtained  further  tests  are  unnecessary  unless  traces  of 
lead  are  being  specially  sought  for. 

If  lead  is  present  in  any  quantity  indications  will  have  been  observed  in  the 
formation  of  crystalline  needles  or  a  heavy  white  deposit  when  the  solution  of 
the  sulphides  in  bromine  or  potassium  chlorate  and  hydrochloric  acid  has  cooled. 
These  will  remain  in  the  residue  on  the  filter  paper,  which  should  therefore  be 
boiled  with  10  c.c.  of  ammonium  acetate  solution  and  filtered.  To  this  solution, 
or  to  some  of  the  solution  of  the  sulphides,  made  alkaline  with  ammonia,  a  few 
drops  of  an  alkaline  sulphide,  such  ammonium  or  sodium  sulphide  is  added  when, 
if  lead  is  present,  a  black  coloration  or  precipitate  is  formed.  If  a  solution  of 
potassium  chromate  or  bichromate  is  added  to  some  of  the  ammonium  acetate 
solution  of  the  residue  or  to  some  of  the  acid  solution  of  the  sulphides  which  has 
been  made  alkaline  with  ammonia  and  reacidified  with  acetic  acid,  a  yellow 
precipitate  of  lead  chromate  will  form  (see  Barium,  p.  824). 

Another  portion  of  the  same  lead  solution  (acidified  with  acetic  acid)  should 
yield  an  insoluble  yellow  iodide  on  the  addition  of  a  drop  of  potassium  iodide 
solution  (see  Bismuth). 

A  few  drops  of  dilute  sulphuric  acid  are  added  to  some  of  the  lead  solution 
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which  is  then  concentrated  by  evaporation.  When  alcohol  is  added  a  white 
precipitate  of  lead  sulphate  will  be  deposited. 

Bismuth.  This  metal  may  have  been  given  to  the  victim  medicinally.  Its 
presence  may  have  been  inferred  already  from  the  results  of  the  Reinsch  test. 
If  present  in  any  quantity  it  should  be  separated  from  arsenic  and  antimony 
as  it  may  interfere  with  the  Marsh  test. 

A  few  c.c.  of  the  liquid  to  be  tested  are  made  neutral  with  ammonia  and 
acidified  with  one  drop  of  dilute  hydrochloric  acid.  A  large  excess  of  water  is 
added  when,  if  bismuth  is  present,  a  white  turbidity  due  to  the  oxychloride  will 
appear.  This  is  dissolved  on  the  addition  of  a  drop  of  dilute  hydrochloric  acid, 
but  remains  insoluble  in  tartaric  acid.  (Distinction  from  antimony.) 

To  detect  bismuth  in  a  deposit  on  copper,  as  obtained  in  the  Reinsch  test, 
the  slip  of  copper  is  washed  free  from  chlorides  and  dissolved  in  dilute  nitric  acid, 
a  decigram  of  lead  nitrate  added,  then  excess  of  ammonia  and  finally  5  c.c.  of 
ammonium  carbonate  solution  (1  in  4).  The  precipitate  is  collected  on  a  filter 
washed  with  ammoniacal  water  and  dissolved  in  5  c.c.  of  warm  dilute  acetic  acid. 
Excess  of  potassium  iodide  solution  is  added  and  the  liquid  warmed  until  the 
precipitate  of  yellow  lead  iodide  disappears.  On  cooling  the  lead  iodide  separates 
out  in  shining  scales  which,  if  bismuth  is  present,  are  not  of  the  usual  yellow 
colour  but  take  on  a  dark  orange  or  even  crimson  or  chocolate  tint  resembling 
the  colour  of  silver  chromate. 

Antimony.  A  purple  deposit  on  the  copper  in  Reinsch’s  test  will  have 
indicated  the  presence  of  this  metal.  If  the  sublimate  in  the  tube  in  which  the 
copper  strip  was  heated  is  moistened  with  a  minute  drop  of  ammonium  or 
sodium  sulphide,  conveniently  introduced  on  a  glass  rod  of  1  mm.  diameter  made 
by  drawing  out  a  thicker  rod,  an  orange  coloration  of  antimony  sulphide  will 
be  seen  on  examining  the  edges  of  the  drop  under  the  microscope. 

A  portion  of  the  liquid  to  be  tested  is  put  into  a  small  porcelain  dish,  a  piece 
of  platinum  foil  about  1-2  cm.  square  is  added  and  a  small  lump  of  zinc  put  on 
top  of  the  foil.  A  black  or  brown-black  deposit  of  antimony  metal  will  form  on 
the  platinum  foil.  If  mercury,  arsenic,  copper,  or  tin  are  present,  silvery,  grey 
or  red  deposits  will  form  and  for  a  complete  test,  a  separation  of  these  metals 
will  be  necessary.  The  blackened  foil  is  heated  in  a  sublimation  tube  and  the 
ammonium  sulphide  test  for  the  orange  sulphide  applied.  A  confirmation  test 
is  described  under  Marsh  test  (p.  833). 

Tin.  This  metal  is  very  rarely  met  with  A  grey  deposit  on  the  copper 
strip  in  Reinsch’s  test  or  on  a  piece  of  zinc  placed  in  a  portion  of  the  test  liquid 
will  have  given  indications  of  its  presence. 

Preparation  of  solution  for  the  Marsh  test.  The  solution  must  not  contain 
any  oxidizing  agents,  mercury  or  bismuth,  and  if  possible  the  presence  of  copper 
and  iron  should  be  avoided.  It  is  highly  advantageous  to  convert  the  arsenic 
into  the  reduced  (arsenite)  condition.  Oxidizing  agents  such  as  bromine  or 
potassium  chlorate  are  removed  by  the  addition  of  (1)  a  few  drops  of  stannous 
chloride  solution  to  the  warm  solution  or  (2)  0-5  grm.  of  potassium  metabi¬ 
sulphite  or  sodium  bisulphite  and  by  warming  on  the  water  bath  for  half  an 
hour  until  no  odour  of  sulphur  dioxide  is  perceptible.  The  acid  must  not  be 
allowed  to  become  concentrated  or  arsenic  may  be  lost.  A  little  water  should 
be  added  to  make  up  for  loss  by  evaporation.  The  arsenic  is  now  present  in  the 
reduced  form.  Solutions  prepared  by  dissolving  the  precipitate  in  hydrochloric 
acid  and  potassium  chlorate  are  unsuitable  for  the  Marsh  test  and  should  be 
avoided  if  possible.  The  greatest  care  is  necessary  that  no  excess  of  chlorate 
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remains  in  solution  and  repeated  treatment  with  bisulphite  is  usually  necessary. 
A  portion  of  the  solution  when  boiled  with  an  equal  volume  of  strong  hydro¬ 
chloric  acid  should  not  give  off  any  odour  of  chlorine.  Nitric  acid  is  removed 
by  evaporation  with  sulphuric  acid  (chlorides  absent)  as  described  on  p.  828. 

Separation  of  arsenic  from  other  metals. 

From  mercury.  Treatment  of  the  arsenic  precipitate  with  ammonia  and 
subsequent  oxidation  with  nitric  acid  as  described  on  p.  828  yields  a  solution 
practically  free  from  mercury. 

From  copper  and  other  metals.  If  a  solution  of  arsenic  in  strong  hydro¬ 
chloric  acid  is  distilled  in  the  presence  of  a  reducing  agent  arsenious  chloride 
passes  over  leaving  the  other  metals  in  the  residue.  The  solution  containing 
the  arsenic  is  first  saturated  with  hydrochloric  acid  gas,  while  being  cooled  in 
cold  water  or  powdered  ice,  until  it  fumes  strongly.  Hydrochloric  acid  gas  is 
prepared  in  an  apparatus  similar  to  that  described  for  the  preparation  of 
sulphur  dioxide  (p.  808)  by  allowing  pure  concentrated  sulphuric  acid  to  drop 
into  pure  strong  hydrochloric  acid  contained  in  the  generating  flask.  The  gas 
is  dried  by  passing  it  through  strong  sulphuric  acid  contained  in  a  wash  bottle 
fitted  with  a  safety  tube  to  prevent  4  sucking  back  ’. 

The  fuming  liquid  is  now  transferred  to  a  distilling  apparatus  (red  rubber 
corks  not  advisable)  and  the  reducing  agent  added.  The  most  suitable  is  cuprous 
chloride  or  ferrous  chloride  (3  grm.),  but  as  these  may  be  difficult  to  prepare 
free  from  arsenic  in  an  out-station  or  tropical  laboratory  stannous  chloride 
(2-0  grm.)  or  sodium  bisulphite  (3  grm.)  may  be  used.  In  the  latter  case  the 
liquid  must  be  allowed  to  stand  over-night  in  a  stoppered  bottle  before  dis¬ 
tillation.  Half  the  liquid  should  be  distilled  off.  This  may  not  remove  all  the 
arsenic  but  guards  against  the  possibility  of  contamination  with  traces  of 
antimony.  If  much  antimony  is  present  a  second  distillation  is  necessary. 

The  distillate  is  diluted  with  water,  warmed  on  the  water  bath  to  drive  off 
sulphur  dioxide,  and  then  submitted  to  the  Marsh  test.  The  methods  given 
in  the  British  Pharmacopoeia  for  the  preparation  of  solutions  containing  arsenic- 
free  drugs  for  the  4  Limit  test  for  arsenic  by  the  Gutzeit  test  ’  are  applicable 
in  special  cases,  the  solution  being  tested  in  a  Marsh  apparatus. 

Special  methods  for  the  detection  of  traces  of  arsenic  in  urine.  It  frequently 
happens  that  specimens  of  urine  require  to  be  tested  for  traces  of  arsenic  to 
corroborate  allegations  of  poisoning.  If  the  Reinsch  test  fails  the  method 
described  under  4  Destruction  5  (p.  822)  is  unnecessarily  long  and  the  following 
shorter  method  is  recommended.  The  urine  is  evaporated  to  syrupy  consistency 
after  the  addition  of  sodium  bicarbonate  to  make  it  alkaline.  The  organic 
matter  in  the  syrupy  mass  is  oxidized  by  treatment  with  hydrochloric  acid  and 
bromine,  or  by  nitric  acid  followed  by  evaporation  with  sulphuric  acid  and 
charring  as  described  on  p.  828,  and  the  final  solution  prepared  for  the  Marsh 
test  as  described.  If  much  iron  is  present  the  test  may  be  unsatisfactory. 

Basic  method  for  oxidizing  arsenious  sulphide,  residues,  etc.  If 
a  platinum  basin  or  crucible  is  available  the  following  method  is  strongly 
recommended. 

The  precipitate  containing  the  arsenic  or  the  dried  residue  from  evaporated 
urine,  etc,  is  moistened  with  lime  water  (free  from  arsenic)  and  evaporated  to 
dryness  in  a  platinum  dish  on  the  water  bath.  The  residue  is  now  stirred  up 
with  2  c.c.  of  lime  water  and  0*5  grm.  of  pure  lime  or  magnesia  added  and  the 
whole  evaporated  over  a  free  flame  to  dryness.  The  contents  of  the  dish  are 
cautiously  heated  until  the  organic  matter  is  thoroughly  charred,  when  the 
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temperature  is  raised  to  a  dull  red  heat  pntil  all  the  carbon  is  burnt  away  and 
a  nearly  white  residue  obtained.  On  cooling,  the  ash  is  moistened  with  water 
and  then  dissolved  by  warming  with  20  c.c.  of  8  per  cent  hydrochloric  acid 
and  filtered.  The  solution  after  warming  for  half  an  hour  on  the  water  bath 
with  0-25  grm.  of  sodium  bisulphite  is  suitable  for  the  Marsh  test  unless  much 
iron  is  present. 

Marsh  Test.  If  a  solution  of  arsenic  or  antimony  compounds  is  introduced 
into  an  apparatus  in  which  hydrogen  is  being  evolved  by  the  action  of  a  dilute 
acid  on  metallic  zinc,  the  nascent  hydrogen  reduces  these  substances  to  the 
metallic  condition  and  combines  with  them  forming  the  gaseous  compounds 
arsine  (AsH3)  and  stibine  (SbH3).  These  gases  are  allowed  to  pass,  mixed  with 


the  stream  of  hydrogen,  through  a  drying  tube  and  finally  through  a  glass  tube 
heated  red  hot  when  the  heat  decomposes  them  into  their  elements,  the  metal 
being  deposited  on  a  cooler  part  of  the  tube  in  the  form  of  a  black  or  brown  film. 
By  making  the  ‘  cooler  portion  ’  of  small  diameter  a  minute  trace  of  metallic 
deposit  is  easily  visible  and  one  twenty-thousandth  of  a  grain  can  be  easily 
detected  if  chemicals  of  sufficient  purity  are  available. 

The  best  process  consists  in  evolving  the  hydrogen  by  electrolysis,  using 
platinum  or  lead  electrodes,  but  as  it  is  unlikely  that  such  apparatus  will  be 
available,  the  older  method  of  zinc  and  acid  is  described.  The  diagram  (fig.  334) 
illustrates  the  apparatus,  which  consists  of  a  generating  flask  of  about  100  c.c. 
capacity — one  of  conical  shape  will  serve — fitted  with  a  grey  rubber  stopper 
(red  rubber  stoppers  contain  antimony)  through  which  pass  a  cylindrical  tap 
funnel  (50  c.c.)  for  admitting  the  acid  and  a  delivery  tube  (5  mm.  diameter) 
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through  which  the  gases  pass  out.  The  delivery  tube  passes  through  a  grey 
rubber  stopper  fitted  into  a  drying  tube  of  1  0-1-5  cm.  diameter  and  7—8  cm. 
length  to  the  other  end  of  which  is  sealed  a  short  length  of  narrow  tubing  of  5  mm. 
diameter.  A  calcium  chloride  tube  will  serve,  or  a  second  cork  carrying  a  short 
length  of  narrow  tubing  can  be  fitted  to  the  far  end  of  the  drying  tube.  The 
tube  contains  (i)  a  loose  plug  of  cotton  wool ;  (ii)  a  plug  about  4  cm.  long  of 
‘  lead  wool  ’  or  a  roll  of  4  lead  paper  ’,  made  by  soaking  cotton  wool  or  filter 
paper  in  10  per  cent  lead  acetate  solution  and  drying  it ;  (iii)  a  layer  about 
5-6  cm.  long  of  calcium  chloride  in  dry  granulated  lumps  about  the  size  of 
a  split  pea  ;  (iv)  a  loose  plug  of  cotton  wool.  The  end  of  the  drying  tube  is 
connected  by  a  short  piece  of  black  rubber  tubing  to  a  hard  glass  tube  of  5  mm. 
diameter  and  about  15  cm.  length,  the  last  10  cm.  being  formed  into  a  capillary 
of  just  less  than  2  mm.  bore  and  turned  up  for  a  length  of  1  cm.  at  the  end. 

The  apparatus  is  arranged  as  shown  in  the  figure.  The  generating  flask  is 
cooled  in  a  vessel  containing  water  to  which  ice  is  added  in  hot  weather.  The 
separating  funnel  is  held  in  a  clamp.  The  hard  glass  tube  is  conveniently 
supported  on  a  small  iron  ring  fixed  on  a  retort  stand  and  is  heated  by  a  burner 
with  a  flame  spreader.  An  ordinary  burner  fitted  with  a  cone  of  copper  will 
suit  if  a  piece  of  copper  gauze  is  wrapped  round  the  tube  so  as  to  distribute 
the  heat  evenly. 

In  employing  this  test  attention  to  the  following  points  is  essential. 
(i)  Purity  of  the  chemicals  ;  (ii)  sensibility  of  the  zinc  ;  (iii)  sensibility  of  the 
apparatus,  i.  e.  possible  absorption  of  arsine  by  the  wool,  calcium  chloride,  etc.  ; 
(iv)  test  solution  of  arsenic  or  antimony  free  from  deleterious  substances — 
mercury,  copper,  oxidizing  agents. 

(i)  is  controlled  by  a  blank  experiment  of  an  hour’s  duration  after  ensuring 
that  conditions  as  regards  (ii)  and  (iii)  are  satisfactory.  The  methods  for 
purifying  chemicals  are  given  later. 

(ii)  4  Pure  ’  zinc  is  often  insensitive,  in  that  even  if  a  little  arsenic  solution 
is  added  to  the  apparatus  no  arsine  is  evolved.  To  prevent  this  the  zinc  must 
be  coated  with  a  deposit  of  metallic  cadmium  before  use  in  the  following  manner. 
25-0  grm.  of  granulated  pure  zinc  are  washed  momentarily  with  dilute  nitric  acid, 
washed  with  water  thoroughly  and  put  into  the  generating  flask  containing 
2-0  grm.  of  cadmium  sulphate  or  chloride  dissolved  in  50  c.c.  of  water.  This  is 
allowed  to  stand  or  is  warmed  on  the  water  bath,  with  occasional  shaking,  until 
a  spongy  grey  deposit  of  cadmium  covers  the  zinc  completely  and  no  bright 
spots  are  visible.  The  addition  of  a  few  drops  of  dilute  hydrochloric  acid 
hastens  the  operation.  The  solution  is  poured  off  and  the  coated  zinc  washed 
twice  with  water  by  decantation  but  without  shaking.  The  sensibility  of  the 
zinc  is  controlled  by  making  a  test  and  observing  if  a  distinct  4  mirror  ’  of 
metallic  arsenic  is  obtained  with  one-hundredth  of  a  milligram  of  arsenious 
oxide.  The  solution  for  this  is  made  by  dissolving  exactly  10  milligrams  of 
pure  white  arsenic  in  10  c.c.  of  sodium  bicarbonate  solution  and  diluting  to  one 
litre  with  water.  Or  1  c.c.  of  Liquor  Arsenicalis  is  diluted  with  water  to 
make  exactly  1  litre.  One  c.c.  of  either  of  these  solutions  is  to  be  used  for 
the  test. 

The  sensitized  zinc  should  show  a  distinct  mirror  in  15  minutes  with  1*0  c.c. 
of  the  above  solutions,  or  at  the  most  with  2  c.c.  If  not  it  must  be  coated  with 
a  stronger  solution  of  cadmium.  A  few  trials  will  show  if  the  zinc  is  obstinately 
insensitive,  in  which  case  it  must  be  rejected.  If  pure  cadmium  salts  are  not 
available  the  coating  can  be  done  with  metallic  tin,  using  a  solution  of  stannous 
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chloride,  or  failing  this  with  metallic  lead,  using  lead  acetate  solution.  Under 
no  circumstances  should  copper,  or  platinum  coatings,  be  used. 

(iii)  Absorption  of  arsine  by  the  drying  tube,  leakage,  etc.  This  possible 
error  is  rare  but  must  not  be  lost  sight  of  if  the  previous  tests  for  the  sensitiveness 
of  the  zinc  give  trouble. 

The  contents  of  the  drying  tube  should  never  be  used  again  after  a  positive 
test  and  not  more  than  twice  with  negative  tests.  The  wool  must  be  as  dry  as 
possible. 

(iv)  The  solution  to  be  tested  must  never  contain  any  mercury  or  bismuth, 
or  more  than  the  merest  trace  of  copper  or  iron,  as  these  metals  are  liable  to  make 
the  zinc  insensitive.  The  presence  of  oxidizing  agents  such  as  potassium  chlorate, 
traces  of  dissolved  chlorine  or  bromine,  nitrates,  nitric  or  nitrous  acids  would 
inhibit  the  reducing  action  of  the  hydrogen  on  the  arsenic  compounds  present 
and  thus  prevent  the  formation  of  arsine.  Dissolved  sulphur  dioxide  or  sul¬ 
phites  would  be  reduced  with  the  formation  of  hydrogen  sulphide,  which  would 
form  a  deposit  of  sulphur  in  the  heated  tube  if  it  were  not  completely  absorbed 
by  the  lead  wool.  For  this  reason,  if  sulphates  or  sulphuric  acid  is  present  the 
generating  flask  must  be  kept  at  a  temperature  below  30°  C. 

The  test  is  carried  out  as  follows.  The  sensitized  zinc  having  been 
placed  in  the  generating  flask  and  all  connexions  made  tight,  cooling  water 
is  placed  in  the  outer  vessel  and  25  c.c.  of  10  per  cent  hydrochloric  acid  run  in 
through  the  tap  funnel,  a  little  liquid  being  left  in  the  funnel  after  the  tap  is 
closed.  After  ten  minutes  another  10  c.c.  of  the  acid  is  run  in  and  five  minutes 
later  the  hydrogen  issuing  from  the  hard  glass  tube  capillary  is  collected  in 
a  minature  test-tube  placed  mouth  downwards  over  the  end  of  the  capillary. 
This  is  removed  and  tested  with  a  match.  If  the  hydrogen  ignites  with  a  slight 
pop  it  is  safe  to  light  the  gas  issuing  from  the  end  of  the  capillary. 

At  least  15  minutes  must  always  be  allowed  for  the  hydrogen  to  displace 
the  air  completely.  The  flame  should  be  about  4  mm.  high  and  acid  must  be 
added  to  maintain  this  if  necessary.  The  burner  is  lighted  and  the  hard  glass 
tube  roasted  throughout  its  length  to  drive  out  moisture,  care  being  taken  not 
to  burn  the  rubber  connexion  with  the  drying  tube.  The  capillary  should  be 
heated  red  hot.  The  burner  is  then  so  placed  as  to  heat  the  tube  as  close  to 
the  commencement  of  the  capillary  portion  as  possible  and  the  apparatus 
allowed  to  run  for  30  minutes.  Small  quantities  (5  c.c.)  of  strong  acid  should 
be  added  from  time  to  time,  as  it  is  not  so  much  a  question  of  time  as  of  the 
amount  of  zinc  dissolved  which  tests  the  purity  of  the  chemicals.  If  at  the  end 
of  30  minutes  no  mirror  of  metallic  arsenic  has  appeared,  the  solution  to  be 
tested  is  added  gradually  in  portions  of  10  c.c.  to  avoid  frothing.  20  c.c.  may 
be  added  in  all  and  the  apparatus  allowed  to  run.  In  10  minutes,  or  at  the  most 
15,  a  mirror  of  arsenic  should  be  formed  if  this  metal  is  present.  If  no  mirror 
forms  a  further  15  c.c.  of  solution  is  run  in  together  with  10  c.c.  of  strong  acid 
to  keep  up  a  steady  evolution  of  hydrogen.  If  no  mirror  appears  after  a  total  of 
30  minutes  the  case  is  negative  for  legal  purposes.  In  the  majority  of  cases 
the  mirror  appears  within  5  minutes,  though  sometimes  urines  and  extracts  of 
viscera  from  cases  in  which  death  did  not  ensue  for  several  days  take  15—20 
minutes  for  a  deposit  to  form. 

If  a  deposit  forms  the  apparatus  should  be  allowed  to  run  for  45  minutes, 
the  burner  being  moved  away  from  the  constriction  if  an  intense  mirror  appears. 
On  cooling,  the  hard  glass  tube  is  disconnected  and  examined  for  the  following 
reasons  :  (1)  Is  the  amount  of  the  deposit  of  legal  significance  ?  This  test 
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is  so  sensitive  that  minute  traces  of  arsenic  contained  in  the  chemicals  used  in 
the  ‘  destruction  ’,  from  the  hydrogen  sulphide,  bromine  or  filter  paper,  not  to 
speak  of  that  from  glass  bottles,  etc.,  will  be  detected.  Even  with  chemicals 
specially  purified  it  is  not  safe  in  tropical  practice  to  regard  any  mirror  of 
intensity  less  than  one  twenty-fifth  of  a  milligram  as  positive.  Exceptions  are 
those  cases  in  which  the  solution  to  be  tested  has  been  made  from  such  materials 
as  finger-nails,  contents  of  pockets,  minute  scrapings  from  utensils,  etc.,  by 
simple  extraction  with  dilute  hydrochloric  acid  and  in  a  flask  of  known 
cleanliness.  Under  such  circumstances  a  mirror  of  one-fiftieth  milligram 
intensity  may  be  regarded  as  positive,  if  the  parallel  control  test  is  perfectly 
blank.  To  detect  arsenic  with  certainty  is  impossible  in  tropical  practice 
unless  every  chemical  and  piece  of  apparatus  is  specially  tested. 

(2)  As  to  the  nature  of  deposit.  The  deposit  may  be  due  to  a  mixture  of 
arsenic  with  antimony  or  may  be  due  entirely  to  the  latter.  Arsenic  deposits 
are  brown  black,  glistening  and  form  some  distance  from  the  heated  portion  of 
the  tube.  The  mirror  nearest  the  heated  portion  of  the  tube  is  usually  brown 
while  that  farther  along  the  capillary  is  black  and  shining.  Antimony  deposits 
are  formed  close  to  the  heated  portion  and  usually  in  front  of  it  as  well  as  on 
the  capillary  portion.  They  are  black  and  of  a  velvety  or  mat  appearance. 

A  little  dry  air  is  blown  through  the  tube  and  the  deposit  cautiously 
and  gently  heated,  when  the  familiar  sublimate  of  arsenious  trioxide  will  be 
formed,  its  presence  being  confirmed  under  the  microscope.  If  antimony  only 
is  present  no  crystalline  sublimate  will  be  formed,  the  deposit  consisting  of 
lustrous  globules. 

If  a  mixture  of  the  two  metals  is  suspected  a  very  slow  stream  of  dry  hydrogen 
sulphide  (dried  by  passing  the  gas  through  a  tube  filled  with  calcium  chloride) 
is  passed  through  the  tube  and  the  deposit  gently  heated,  commencing  at  the 
part  farthest  along  the  capillary  and  moving  in  a  direction  opposite  to  that  of 
the  gas.  If  arsenic  alone  is  present  the  yellow  sulphide  is  produced.  An  orange 
red  sulphide,  which  is  almost  black  if  in  thick  layers,  is  formed  by  antimony. 
If  both  metals  are  present  the  two  sulphides  are  formed  side  by  side,  the  more 
volatile  yellow  sulphide  of  arsenic,  or  possibly  sulphur,  lying  ahead  of  the  orange 
sulphide  of  antimony.  If  a  mixture  appears  to  be  present  the  tube  is  discon¬ 
nected,  dry  air  blown  through  it  and  then  a  stream  of  dry  hydrochloric  acid  gas 
when  the  antimony  sulphide  will  disappear  leaving  the  yellow  sulphide  of  arsenic. 

Preparation  of  arsine-free  hydrogen  sulphide.  Hydrogen  sulphide  as  usually 
prepared  from  ferrous  sulphide  and  dilute  hydrochloric  acid  is  quite  useless  for 
legal  work  if  arsenic  or  antimony  are  being  tested  for.  The  best  method  of 
preparation  consists  in  dropping  pure  strong  hydrochloric  acid  from  a  tap 
funnel  into  a  mixture  of  calcium  or  barium  sulphide  and  water. 

The  diagram  (fig.  333)  shows  the  necessary  apparatus.  When  the  evolution 
of  gas  becomes  sluggish  the  generating  flask  should  be  gently  and  cautiously 
shaken.  A  better  method  is  to  make  the  calcium  sulphide  into  balls  by  mixing 
it  with  one  quarter  of  its  weight  of  pure  plaster  of  Paris  and  sufficient  water 
to  make  a  stiff  paste.  On  drying,  the  balls  can  be  used  in  a  Kipp’s  apparatus. 

Calcium  sulphide  is  made  by  heating  to  a  bright  red  heat  for  half  an  hour 
a  mixture  of  7  parts  of  pure  plaster  of  Paris  with  3  parts  of  powdered  wood 
charcoal  and  one  part  of  flour  or  starch.  All  materials  should  be  proved  free 
from  arsenic  and  care  taken  that  the  mixture  is  heated  bright  red.  Crookes 
recommends  the  following  method.  Ordinary  impure  H2S  is  generated  and 
passed  into  water  containing  magnesia  in  suspension.  The  magnesia  dissolves, 
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forming  magnesium  hydrosulphide.  The  liquid  is  allowed  to  settle,  decanted,  and 
placed  in  a  generating  flask  arranged  so  as  to  be  heated.  On  heating  the  liquid 
to  65°  C.  a  steady  stream  of  the  gas  is  obtained.  Autenrieth  recommends 
a  similar  method  (see  Reference  4),  the  hydrogen  sulphide  being  passed  into 
dilute  (10  per  cent)  caustic  soda  solution  until  it  is  saturated.  The  solution  is 
placed  in  the  tap  funnel  of  the  generating  apparatus  shown  in  the  diagram  and 
allowed  to  drop  into  cold,  dilute  sulphuric  acid  (10  per  cent)  contained  in  the 
generating  flask. 

In  all  cases  the  purity  of  the  gas  must  be  tested  by  performing  a  blank 
test.  The  gas  should  be  passed  into  some  warm  destruction  fluid  (p.  823) 
containing  a  few  c.c.  of  nitric  acid  or  some  ferric  chloride  solution  and  the 
resulting  precipitate  of  sulphur,  etc.,  worked  up  (p.  828)  and  tested  for  arsenic 
in  the  Marsh  apparatus. 

Preparation  of  pure  chemicals.  Sulphuric  acid.  The  purest  acid  obtainable 
should  be  distilled  from  a  non-tubulated  retort  after  adding  1*0  grm.  of  pure 
common  salt  for  each  100  c.c.  of  acid  taken.  The  first  tenth  part  or  50  c.c.  of 
the  distillate  should  be  rejected.  The  subsequent  distillate  is  pure. 

Hydrochloric  acid.  The  method  has  been  described  (p.  808). 

Testing  chemicals  for  arsenic.  The  methods  given  in  the  British 
Pharmacopoeia  under  ‘  Limit  ’  test  for  arsenic  are  suitable.  Either  the  Gutzeit 
method  or  the  Marsh  test  .can  be  used.  In  general,  when  testing  chemicals  the 
arsenic  must  be  converted  into  a  soluble  oxidized  condition  either  by  treatment 
with  nitric  acid  or  bromine  and  hydrochloric  acid.  The  resulting  solution  is 
made  free  from  oxidizing  agents  and  submitted  to  the  Marsh  test.  The  simplest 
method  for  testing  a  group  of  chemicals  is  to  make  a  blank  test  with  200  grm. 
of  meat  and  to  prepare  the  precipitate  for  the  Marsh  test  as  described. 

ORGANIC  POISONS. 

Organic  poisons  separable  by  extraction  with  alcohol.  The  majority  of 
vegetal  poisons  peculiar  to  the  tropics  belong  to  this  wide  group,  which 
includes  basic,  acid,  and  neutral  substances.  Those  most  likely  to  be  met  with 
are  morphin  (opium  poisoning),  aconitin,  the  mydriatic  alkaloids  of  the 
Solanaceie — hyoscyamin,  scopolamin  and  atropin  (hyoscyamus,  scopolia  and 
datura  group  of  plants) — -strychnin  (strychnos  family),  brucin,  cocaine, 
glucosides  such  as  thevetin  (yellow  oleander,  Tlievetia  neriifolia),  croton  oil, 
and  vesicants  such  as  plumbagin  ( Plumbago  zeylanica)  (from  abortion  pessaries), 
and  cantharidin.  More  rarely  a  number  of  substances  may  be  extracted  for 
which  there  is  as  yet  no  specific  chemical  test.  Examples  are  :  juice  of  Calotropis 
gigantea,  the  6  Madar  ’  of  India,  Calotropis  procera,  the  ‘  Oshar  ’  of  Egypt, 
4  sikimin  ’  ( Illicium  religiosu?n),  Euphorbia  resin,  colocynthin,  superbin 

(Gloriosa  superha).  Other  rare  types  of  poison  are  those  glucosides  belonging 
to  the  strophanthus,  saponin,  and  digitalis  groups,  which  are  used  so  largely 
for  poisoning  arrows,  4  Sutari  ’  or  needles  used  for  poisoning  cattle  ;  but  it 
is  practically  impossible  to  isolate  these  substances  from  viscera. 

The  method  of  isolation  in  actual  use  is  the  modified  Stas -Otto  process,  and 
although  tedious  and  sometimes  difficult  from  a  practical  point  of  view,  is  the 
only  reliable  one  extant.  The  difficulty  is  enhanced  by  the  fact  that,  the  majority 
of  these  substances  except  strychnin  are  so  easily  affected  by  the  action  of 
acids  and  alkalis,  especially  if  heated,  that  they  may  be  decomposed  during  an 
analysis  unless  precautions  are  taken  with  regard  to  temperature  and  reaction. 
Putrefaction  may  have  brought  about  decomposition  even  before  the  analysis 
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is  begun.  For  this  reason  all  material  for  examination  should  be  preserved  in 
alcohol  without  delay. 

Briefly  the  method  is  as  follows  :  (1)  Prepare  an  aqueous  extract  containing 
the  poison,  and  as  free  from  extractives,  fat,  etc.,  as  possible.  This  is  made  by 
extracting  the  suspected  material  with  alcohol,  filtering,  evaporating  the  clear 
filtrate  to  dryness,  and  extracting  the  residue  with  acidulated  water.  (2)  Shake 
the  aqueous  extract  with  an  immiscible  solvent  for  the  poison,  such  as  chloroform, 
which  on  being  separated  from  the  watery  extract,  gives  on  evaporation  a  residue 
containing  the  poison  in  a  more  or  less  impure  state. 

A  separation  of  the  poisons  into  two  groups  is  effected  by  extracting — 
4  shaking  out’ — the  aqueous  extract  with  chloroform  (a)  when  it  is  acid,  the 
chloroform  removing  only  acid  and  neutral  substances  as  the  bases  remain 
combined  with  the  acid  in  the  watery  extract ;  and  ( b )  after  making  the 
aqueous  extract  alkaline,  when  the  bases  are  removed.  This  process  is  useful, 
as  the  shaking  out  with  chloroform,  while  the  extract  is  acid,  removes  fat, 
extractives,  etc.,  which  would  otherwise  contaminate  the  more  important  bases 
(the  alkaloids). 

The  method  is  applicable  to  all  kinds  of  material — viscera,  urine,  food 
remains,  scrapings  from  cooking  pots,  quack  native  drugs,  aphrodisiacs,  and 
many  other  substances. 

Choice  of  material  when  viscera  are  to  be  examined.  In  tropical 
practice,  poisoning  of  this  type  is  due  as  a  rule  to  some  part  of  a  plant  or  seed, 
and  it  is  therefore  best  to  extract  that  part  of  the  digestive  tract  in  which 
remains  of  the  poisonous  substance  may  still  be  present,  i.  e.  the  stomach  or 
intestines.  If  death  has  been  delayed  or  excessive  vomiting  or  purging  have 
occurred,  it  is  better  to  attempt  to  isolate  the  poison  from  some  organ,  such  as 
the  liver  or  kidneys,  in  which  it  may  have  become  absorbed.  This  is  a  more 
difficult  undertaking  ;  it  may  often  be  impossible  if  only  traces  of  the  poison 
are  present  and  if  putrefactive  changes  have  already  started.  Further,  extracts 
from  the  soft  organs  are  less  easy  to  purify.  It  is  advisable,  therefore,  in  doubtful 
cases,  to  carry  out  two  separate  analyses  at  the  same  time  :  (1)  stomach  and 
intestines,  (2)  soft  organs.  Urine  and  vomit  should  be  extracted  separately. 

Solids,  dried  food,  powder  and  the  like,  can  be  extracted  directly. 

Fluids  must  be  made  neutral  or  faintly  acid  by  the  addition  of  sodium 
bicarbonate  solution  or  dilute  acetic  acid,  as  the  case  may  be.  Owing  to  their 
large  water  content  they  must  be  concentrated  to  pasty  consistency.  This 
must  be  carried  out  at  a  temperature  not  exceeding  50°  C.,  and  below  this  if 
possible.  The  fluid  is  heated  in  a  large  shallow  dish  placed  on  a  bed  of  warm  sand 
or  on  the  top  of  a  large  empty  tin,  which  is  heated  from  below.  A  ring  burner 
arranged  below  the  dish  is  very  convenient.  A  thermometer  should  be  employed 
as  a  precaution  against  overheating  of  the  fluid.  Greasy  liquids  tend  to  form 
a  scum  which  retards  evaporation,  and  hence  must  be  occasionally  stirred. 
The  process  is  very  slow  unless  some  form  of  draught  is  arranged.  A  hair¬ 
dresser’s  hot-air  blower  driven  by  a  current  from  the  main  is  very  useful.  Local 
conditions  necessarily  limit  the  means  available,  but  a  rotary  fan  or  punkah,  if 
obtainable,  will  serve.  The  current  of  air  should  be  directed  down  on  to  the 
surface  of  the  fluid  by  supporting  a  large  piece  of  cardboard  or  wood  obliquely 
above  it  to  deflect  the  draught.  Alternatively  the  concentration  can  be  carried 
out  in  the  open  under  a  veranda.  If  the  necessary  apparatus  is  obtainable, 
distillation  under  reduced  pressure  will  effect  the  concentration.  Throughout 
the  process  the  fluid  should  be  neutral  or  faintly  acid. 
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(1)  Extraction  of  the  poison.  The  viscera' are  minced  or  passed  through 
a  sausage  machine,  other  material  being  similarly  reduced  to  a  state  of  fine 
division.  The  quantities  taken  should  be  as  large  as  is  permissible  with  the 
amount  of  material  available.  The  finely  divided  substance  is  placed  in  a  large 
flask  with  twice  its  weight  of  roughly  95  per  cent  alcohol  (re-distilled  methylated 
spirit  will  serve).  A  faint  acid  reaction  should  be  produced  by  the  addition  of 
acetic  or  citric  acid,  the  mixture  warmed  on  the  water  bath  to  a  temperature 
of  about  45-50°  C.,  and  the  flask  corked  and  violently  and  continuously  shaken. 
Shaking  should  be  kept  up  for  three  hours  or  more,  during  which  time  the  flask 
is  occasionally  warmed.  It  is  now  raised  momentarily  to  the  boiling-point, 
cooled,  and  set  aside  for  the  night.  A  faint  acidity  must  be  maintained  through¬ 
out  the  whole  process. 

The  alcoholic  extract  is  subsequently  filtered  off  from  the  matter  in  sus¬ 
pension,  sometimes  a  troublesome  process,  as  the  slimy  material  clogs  ordinary 
filter  paper  at  once.  A  preliminary  straining  through  several  folds  of  muslin 
separates  most  of  the  solids,  and  towards  the  end  of  the  filtration  the  muslin 
becomes  so  clogged  that  a  filter  bed  is  made.  The  first  filtrate,  if  turbid,  can  be 
returned  through  the  muslin  until  a  clear  extract  is  obtained.  The  partially 
clarified  extract  will  sometimes  filter  through  paper,  but  if  difficult  to  clarify, 
it  should  be  put  into  a  tall  cylinder  and  allowed  to  settle.  The  clear  liquid  can 
then  be  decanted  off.  The  sediment  is  drenched  with  alcohol,  again  allowed  to 
settle,  and  then  decanted  as  before.  Care  must  be  taken  that  there  be  no  loss  bv 
the  discarding  of  residues.  All  must  be  worked  up  and  added  to  the  total 
extract.  For  example,  the  viscera  on  the  muslin  must  be  squeezed  out 
thoroughly,  the  turbid  liquid  being  collected  in  a  special  vessel  and  subse¬ 
quently  clarified.  Sediments  must  be  washed  with  95  per  cent  alcohol,  and  the 
alcohol  again  decanted.  The  residues,  viscera  or  solid  matter,  muslin,  filter- 
papers  and  sediment  are  now  all  returned  to  the  extraction  flask,  re-extracted 
as  before  with  faintly  acid  spirit,  and  the  alcoholic  extract  filtered  off  as 
above.  After  this  second  extraction  the  viscera  should  be  squeezed  out, 
moistened  with  spirit,  and  again  squeezed.  The  united  extracts  are  now  con¬ 
centrated  in  a  large  shallow  dish,  at  a  temperature  not  exceeding  50°  C.,  as 
described  under  Fluids.  During  the  concentration  the  acidity  will  increase, 
and  must  be  partially  neutralized  by  the  addition  of  a  few  drops  of  sodium 
bicarbonate  solution  from  time  to  time.  As  the  extract  concentrates,  oily 
matter,  fat,  etc.,  will  separate,  and  should  be  removed  by  filtration,  the  residues 
being  washed  with  spirit  and  the  washings  returned  to  the  concentrated  extract. 
Finally  an  aqueous  liquid,  almost  free  from  spirit,  will  be  obtained  which,  if  not 
too  syrupy,  should  be  filtered  and  the  residue  washed  with  spirit.  If  too  syrupy 
to  filter,  it  should  be  dried  as  completely  as  possible.  Throughout  all  these 
processes  the  extract  must  be  maintained  faintly  acid. 

To  the  final  aqueous  residue  (if  any),  absolute  alcohol  is  added  as  long  as 
a  turbidity  can  be  produced  ;  it  is  then  filtered.  The  residue  is  transferred  to 
a  glass  mortar  and  repeatedly  ground  up  with  absolute  alcohol,  until  a  fresh 
addition  of  alcohol  extracts  no  colour.  All  the  absolute  alcohol  extracts  are 
united  and  concentrated  to  a  syrupy  consistency  with  the  precautions  as  to 
temperature  and  acidity  already  described.  Wet  litmus  paper  must  be  used 
for  testing  the  acidity  of  alcoholic  liquids. 

To  return  to  the  4  final  residue  ’  which  was  too  syrupy  to  filter  and  which 
was  consequently  dried.  This  usually  consists  of  a  brown,  plastic,  greasy  mass 
which  is  difficult  to  extract  thoroughly  with  absolute  alcohol  owing  to  the 
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impossibility  of  ensuring  intimate  contact.  It  must  therefore  be  converted  into 
a  granular  condition  as  follows.  The  surface  is  covered  with  absolute  alcohol, 
which  is  allowed  to  remain  in  contact  for  three  minutes.  The  alcohol  is  poured 
off  into  a  beaker  and  the  process  repeated.  In  about  a  quarter  of  an  hour  the 
surface  of  the  residue  changes  to  a  lighter  colour  and  becomes  granular.  The 
mass,  which  is  still  brown  and  plastic  internally,  is  cut  across  with  the  blade 
of  a  spatula,  care  being  taken  to  avoid  stirring  it,  and  repeatedly  drenched  with 
absolute  alcohol,  which  is  poured  off  every  five  minutes.  It  will  gradually 
become  harder  and  break  into  a  granular  powder.  Hard  sticky  lumps  must  be 
chopped  up  with  the  blade  of  the  spatula,  so  that  the  inner  sticky  portions  are 
brought  into  contact  with  the  alcohol.  Usually  within  an  hour  the  whole 
mass  has  disintegrated,  and  is  then  transferred  to  a  mortar  and  ground  up  with 
absolute  alcohol  until  no  more  colour  can  be  extracted.  The  process  must  be 
carried  out  continuously,  for  if  the  granular  powder  is  left  exposed  to  the  air, 
it  absorbs  water  vapour,  and  reverts  to  the  sticky  condition.  If  necessary  to 
interrupt  the  work,  the  whole  mass  should  be  transferred  to  a  flask  or  bottle, 
covered  with  absolute  alcohol  and  corked  up  tightly.  Throughout  the  whole 
operation  the  mixture  should  react  faintly  acid,  the  absolute  alcohol  being 
acidified  if  necessary  with  a  drop  of  dilute  acetic  acid.  The  united  absolute 
alcohol  extracts  are  filtered  and  concentrated  at  50°  C.,  as  before,  to  a  syrupy 
consistency.  The  insoluble  residue  on  the  filter  must  be  preserved  in  a  corked 
flask.  Evaporation  should  be  prolonged,  so  that  all  traces  of  alcohol  are  ex¬ 
pelled.  The  residue  is  now  well  stirred  up  with  the  smallest  quantity  of  distilled 
water  necessary  to  make  a  thin  liquid,  care  being  taken  that  the  liquid  is  dis¬ 
tinctly  acid.  If  necessary  it  should  be  ground  up  in  a  mortar  with  the  water.  If 
greasy  or  semi-solid  it  should  be  gently  warmed  until  melted.  It  is  now  filtered, 
the  residue  washed  with  a  little  water,  and  the  washings  mixed  with  the  filtrate. 
The  insoluble  residue  on  the  filter  should  be  preserved  in  a  small  corked  flask. 

We  have  now  an  aqueous  extract  containing  the  poison,  but  still  mixed  with 
extractives,  fat,  oily  substances,  etc. 

Before  proceeding,  a  few  preliminary  tests  can  be  applied.  A  taste  test  may 
distinguish  aconitin  or  strychnin.  If  opium  is  suspected,  the  ferric  chloride 
test  for  meconic  acid  (p.  814)  can  be  tried  with  a  few  drops  of  the  aqueous 
extract  in  a  white  dish,  if  its  colour  is  not  too  deep  to  obscure  that  of  ferric 
meconate.  If  this  test  is  thought  to  be  positive,  the  separation  of  meconic 
acid  by  the  lead  acetate  method  described  below  should  be  carried  out. 

Boil  0-5  c.c.  of  the  watery  extract  with  2  c.c.  of  concentrated  hydrochloric 
acid  and  test  for  thevetin  (p.  815).  A  blue  fluorescence  may  indicate  scopoletin 
(gelsemin)  (p.  854).  Very  marked  persistence  of  foam,  after  shaking,  indicates  the 
possible  presence  of  a  saponin  glucoside.  If  such  is  suspected,  the  toxic  action 
of  a  few  cubic  centimetres  can  be  tried  on  a  very  small  fish  in  a  bowl  of  water. 
A  small  portion  (0-5  c.c.)  may  be  nearly  neutralized  and  a  drop  put  into  the  eye 
of  a  cat  to  test  for  the  mydriatic  alkaloids  or  physostigmin  ;  while  0*25  c.c. 
may  be  injected  into  the  dorsal  lymph  sac  of  a  frog  to  test  its  toxicity  or  for  the 
possible  presence  of  strychnin.  Physiological  experiments  on  animals  are  not 
recommended  at  this  stage,  though  occasionally  such  large  quantities  of  organic 
poisons  are  met  with  that  a  preliminary  test  shortens  the  subsequent  work. 

Meconic  acid  test.  If  opium  is  suspected,  meconic  acid  is  conveniently  sepa¬ 
rated  at  this  stage  (p.  814).  The  method  consists  in  precipitating  it  as  lead 
meconate,  and  subsequently  working  up  the  precipitate  into  a  suitable  form  to  be 
tested  with  ferric  chloride.  This  method  has  to  be  adopted,  as  meconic  acid  is  not 
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sufficiently  soluble  to  be  separated  by  shaking  with  an  immiscible  solvent  such 
as  chloroform.  To  the  acid  aqueous  extract  10  per  cent  lead  subacetate  solution  is 
added  drop  by  drop,  so  long  as  a  precipitate  is  produced.  The  mixture  is  warmed 
to  503  C.  and  allowed  to  settle.  The  precipitate  is  filtered  off  and  washed  once 
with  water,  the  washings  being  added  to  the  filtrate.  The  filtrate  which  contains 
the  alkaloids,  etc.,  is  put  on  one  side.  The  residue  on  the  filter  may  contain  lead 
meconate  mixed  with  other  substances,  such  as  sulphate,  tannate,  and  possibly 
certain  poisonous  glucosides.  It  is  washed  down  into  the  cone  of  the  filter 
paper,  the  cone  pierced  with  a  glass  rod,  and  the  precipitate  washed  through 
into  a  test  tube,  using  as  little  water  as  possible.  If  the  precipitate  adheres 
obstinately  to  the  filter  paper  the  cone  containing  it  is  separated  and  torn  into 
small  pieces,  which  are  put  into  a  test  tube  with  a  little  water  (5  c.c.)  and  well 
shaken.  A  stream  of  hydrogen  sulphide  is  bubbled  through  the  liquid,  decom¬ 
posing  the  lead  meconate  into  lead  sulphide,  and  liberating  meconic  acid.  The 
lead  sulphide  is  filtered  off,  care  being  taken  to  observe  that  the  filtrate  smells 
of  the  gas,  for  otherwise  the  lead  meconate  will  not  have  been  completely 
decomposed,  and  the  passage  of  hydrogen  sulphide  must  be  repeated.  The 
filtrate  is  concentrated  to  a  small  volume  (1-2  c.c.),  at  a  low  temperature, 
by  occasional  warming  of  the  water  bath  and  by  blowing  on  its  surface  until 
all  odour  of  hydrogen  sulphide  has  disappeared.  A  drop  of  dilute  hydrochloric 
acid  is  added,  followed  by  a  drop  of  ferric  chloride.  If  the  red  colour  of  ferric 
meconate  appears,  the  control  tests  described  (p.  814)  must  be  applied. 
A  positive  result  is  conclusive  evidence  of  the  presence  of  opium.  These 
tests  are  sufficient  in  cases  due  to  accident  or  suicide,  but  if  the  case  be 
a  criminal  one,  the  search  for  morphin  should  be  proceeded  with,  unless  opium 
is  obviously  present  in  quantity. 

To  return  to  the  filtrate  containing  the  alkaloids,  etc.,  which  had  been  put  on 
one  side.  This  contains  the  excess  of  lead  acetate,  which  must  be  separated  by 
passing  through  it  a  stream  of  hydrogen  sulphide  and  filtering  off  the  lead  sul¬ 
phide.  The  filtrate  contains  dissolved  hydrogen  sulphide,  which  must  be  driven 
off.  This  is  best  done  by  warming  the  liquid  to  50°  C.  and  bubbling  air  rapidly 
through  it  for  15  minutes,  or  by  concentrating  it  to  small  volume  in  a  shallow  dish 
at  a  moderate  temperature  (50°  C.)  and  afterwards  diluting  with  water.  A  faint 
acid  reaction  to  litmus  must  be  maintained  throughout. 

(2)  Separation  of  the  poison  by  means  of  immiscible  solvents.  The  acid 
aqueous  liquid,  whether  it  has  been  treated  with  lead  acetate  for  the  meconic 
acid  test  or  not,  is  put  into  a  separating  funnel ;  a  cylindrical  form  is  best,  but 
a  burette  with  a  glass  tap  and  provided  with  a  cork  will  serve.  A  drop  of  dilute 
hydrochloric  acid  is  added  to  make  it  distinctly  acid,  followed  by  20  c.c.  of  light 
petroleum  (benzine  or  petrol),  and  the  mixture  gently  shaken. 

Shaking  with  immiscible  solvents  is  liable  to  form  emulsions  which  will  not 
separate  into  two  layers,  or  do  so  only  with  difficulty.  Shaking  should  not  be 
done  vertically  but  horizontally.  The  closed  separator  or  burette  is  held  hori¬ 
zontally  so  as  to  increase  the  surface  of  the  petroleum.  It  is  now  gently  shaken 
to  and  fro,  returned  to  the  vertical  position,  and  fixed  in  a  clamp  on  a  stand. 
If,  after  a  few  minutes,  the  emulsion  refuses  to  separate  into  two  layers,  a  little 
more  light  petroleum  is  added  and  the  separator  held  vertically,  shaken  gently 
in  a  horizontal  circle.  If  this  fails  to  induce  the  emulsion  to  separate,  a  few 
cubic  centimetres  of  ether  may  be  added,  followed  by  circular  shaking.  A  rag, 
dipped  in  hot  water  and  wrung  out,  may  be  wrapped  round  the  separator.  If 
all  this  fails  the  emulsion  should  be  set  aside  for  a  few  hours,  when  it  may 


842 


TOXICOLOGY 


separate.  The  only  remedy  for  very  obstinate  emulsions  is  to  evaporate  the 
extract  to  dryness  at  a  low  temperature  and  then  purify  by  extraction  with 
absolute  alcohol.  Ethyl  acetate  (acetic  ether)  is  a  useful  immiscible  solvent  in 
cases  of  obstinate  emulsion-forming  extracts.  This  liquid  should  be  shaken 
with  dilute  sodium  carbonate  solution  before  use,  as  it  is  sometimes  acid  as 
the  result  of  contained  impurities.  If  the  emulsion  separates  fairly  easily,  the 
shaking  should  be  repeated  a  few  times  (with  increasing  violence)  and  the 
watery  layer  finally  run  off  through  the  tap. 

The  light  petroleum  is  poured  out  of  the  separator  into  a  numbered  test  tube 
and  reserved.  The  watery  extract  is  returned  to  the  separator,  and  shaking  is 
repeated  once  with  20  c.c.  of  ether  and  twice  with  15  c.c.  of  chloroform.  These, 
after  separation  from  the  watery  extract,  are  mixed  and  shaken  once  with  5  c.c. 
of  water  acidified  with  one  drop  of  dilute  hydrochloric  acid.  The  5  c.c.  of  acid 
water  is  returned  to  the  watery  extract.  The  mixed  ether  and  chloroform  are 
allowed  to  evaporate  spontaneously  in  a  small  basin.  The  residue  is  known  as  the 
acid  ether  extract,  and  contains  acid  substances,  neutral  bodies,  and  oils. 
The  light  petroleum  is  allowed  to  evaporate  similarly  in  a  small  dish  and  the 
residue  preserved.  It  consists  usually  of  fat,  but  contains  traces  of  substances 
present  in  the  acid  ether  extract,  especially  croton  oil. 

The  detailed  examination  of  these  extracts  will  be  considered  later 
(p.  843). 

To  return  to  the  acid  watery  extract  which  has  been  shaken  with  ether  and 
chloroform.  If  morphin  is  to  be  searched  for,  it  should  be  shaken  once  with 
20  c.c.  of  acetic  ether  (ethyl  acetate).  If  this  is  unobtainable  it  should  be  shaken 
once  with  20  c.c.  of  warm  (40°  C.)  amyl  alcohol.  These  solvents  are  used  when 
extracting  morphin,  in  order  to  ‘  wash  ’  the  acid  watery  liquid  free  from 
extractives  which  possibly  have  not  been  removed  completely  by  the  chloroform. 
The  acetic  ether  or  amyl  alcohol  must  be  shaken  with  5  c.c.  of  acidulated  water, 
as  in  the  case  of  the  ether  and  chloroform,  and  this  water  added  to  the  acid  watery 
extract. 

All  separable  acid  and  neutral  substances  have  now  been  removed  from  the 
acid  aqueous  liquid  which  still  contains  any  alkaloids  that  may  be  present.  The 
liquid  is  warmed  to  40°  C.,  to  drive  off  any  dissolved  ether,  cooled,  filtered  if 
necessary,  placed  in  a  clean  separator,  and  20  c.c.  of  chloroform  added,  together 
with  a  small  piece  of  litmus  paper.  If  morphin  is  suspected,  very  dilute  caustic 
soda  solution  is  added,  drop  by  drop,  while  gently  agitating  the  liquid,  until  the 
litmus  begins  to  turn  blue,  when  the  separator  is  immediately  corked  or  stoppered 
and  shaken  repeatedly  with  the  chloroform,  as  described  above.  If  morphin  is 
not  being  searched  for,  sodium  carbonate  solution  should  be  used  instead  of 
caustic  soda.  When  the  emulsion  has  separated  make  certain  that  the  liquid 
is  still  alkaline  by  observing  the  action  on  litmus  paper.  The  chloroform  is 
run  off  through  the  tap,  and  the  shaking  repeated  twice  more,  using  10  c.c.  of 
chloroform  each  time.  I  consider  chloroform  to  be  the  best  solvent  to  use,  as 
although  it  does  tend  to  form  emulsions,  practically  all  alkaloids  (except 
morphin)  are  soluble  in  it.  Some  workers  prefer  a  mixture  of  chloroform  and 
ether  (1  to  1),  but  the  mydriatics  are  not  so  soluble  in  this  as  in  pure  chloro¬ 
form.  It  is  the  best  solvent  for  aconitin  and  strychnin,  which  are  the 
alkaloids  most  likely  to  be  met  with  after  those  already  mentioned.  If  emul¬ 
sions  form,  the  methods  for  dealing  with  them  already  described  should  be 
applied.  The  addition  of  a  little  pure  chloroform  or  a  few  drops  of  alcohol 
generally  produces  separation.  Unless  there  is  tendency  to  obstinate  emulsion 
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formation,  each  quantity  of  chloroform  should  be  shaken  several  times  before 
being  finally  run  off. 

The  united  chloroform  extracts  are  put  on  one  side  in  a  corked  test  tube. 
This  is  the  first  alkaline  chloroform  extract  (pp.  847,  850).  It  may  contain 
the  majority  of  alkaloids  other  than  morphin,  pilocarpin,  curin  (curare). 

Morphin,  owing  to  its  phenolic  character,  dissolves  in  sodium  hydrate,'  so 
that  except  for  traces  which  may  have  been  extracted  by  the  chloroform  it  is 
still  present  in  the  remaining  alkaline  aqueous  extract. 

The  alkaline  aqueous  extract  is  made  acid  by  a  few  drops  of  dilute  hydro¬ 
chloric  acid,  warmed  to  drive  off  any  dissolved  ether  (if  this  has  been  used)  cooled 
and  put  into  a  clean  separator.  It  is  made  alkaline  with  sodium  bicarbonate 
solution,  and  then  shaken  out  immediately  and  repeatedly  with  10  c.c.  of 
a  mixture  of  equal  volumes  of  ether  and  acetic  ether.  Three  separate  shakings 
are  sufficient.  The  acetic  ether  may  be  acid,  and  should  therefore  be  washed  by 
shaking  with  dilute  sodium  carbonate  solution  before  making  up  the  mixture. 
If  acetic  ether  is  unobtainable  warm  amyl  alcohol  may  be  used,  and  failing  this 
a  mixture  of  chloroform  with  10  per  cent  its  volume  of  absolute  alcohol.  If  the 
last  is  used  five  to  six  shakings  will  be  necessary.  The  acetic  ether  extracts 
are  united  and  stored  in  a  corked  test  tube.  This  is  the  4  morphin  ’  extract 
(pp.  848,  849). 

The  original  aqueous  extract,  now  alkaline  with  sodium  bicarbonate,  may 
contain  still  some  peculiar  poisons  which  cannot  be  ‘  shaken  out  ’.  Examples 
are  curarin,  saponin  glucosides,  and  digitalin  (p.  851). 

Purification  and  testing  of  the  various  extracts.  The  extracts  are  still  too 
impure  to  be  tested  unless  some  definite  substance,  e.  g.  aconitin  or  hyo- 
scyamin  is  being  sought  for  (taste  test  or  eye  test).  They  should  be  examined 
in  the  following  order,  unless  there  is  some  definite  indication  pointing  to 
a  particular  poison. 

Light  petroleum  extract  from  acid- aqueous-extract  (p.  842).  This  should 
be  allowed  to  evaporate  spontaneously.  The  residue  may  contain  croton  oil, 
marking  nut  oil,  and  possibly  oil  from  Jatropha  curcas  as  well  as  castor  oil. 
Vesicating  action  on  the  skin  should  be  tested  for  with  some  of  the  residue  and 
if  even  slightly  positive  the  remainder  of  the  residue  should  be  purified  by  extrac¬ 
tion  with  warm  absolute  alcohol,  filtered  and  again  evaporated  at  low  tem¬ 
perature.  If  the  vesicating  action  is  faint  the  test  for  croton  oil,  by  cautiously 
applying  a  small  quantity  to  the  tongue,  can  be  tried.  Jatropha  curcas  oil 
produces  a  similar  though  milder  effect.  Marking  nut  oil,  if  suspected  from  the 
history  or  preliminary  examination,  will  be  found  in  this  residue.  It  produces 
a  marked  vesicating  effect  and  tends  to  darken  on  exposure.  It  is  unlikely  to 
be  found  in  visceral  extracts.  The  chemical  tests  for  these  substances  are  not 
specific,  and  physiological  tests,  coupled  with  the  clinical  history,  are  the  only 
guides. 

If  marking  nut  oil  is  suspected  and  apparently  present,  a  test  should  be 
made  to  see  if  the  vesicating  action  of  the  residue  is  destroyed  by  the  action  of 
cold  caustic  potash,  after  the  addition  of  which  the  extract  is  allowed  to  stand, 
neutralized  with  hydrochloric  acid  and  re-extracted  with  light  petroleum  ;  the 
residue  from  this  extract  is  used  for  the  test.  The  vesicating  action  of  marking 
nut  oil  is  thus  destroyed.  (Distinction  from  cantharidin.)  The  varieties  of 
marking  nut  are  (i)  Semecarpus  Anacardium  (India),  which  contains,  in  the 
pericarp  of  the  nut,  cardolum  pruriens  and  anacardic  acid  ;  the  former  is  the 
active  principle.  Prepared  from  the  nut,  the  oil  is  reddish-yellow,  turning  dark 
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on  exposure.  Dissolved  in  alcohol  it  gives  a  bright  green  colour  with  a  drop  of 
alcoholic  potash  ;  also  a  greenish  black  precipitate  with  basic  acid  lead  acetate  : 
and  (ii)  Anacardium  occidental  (S.  America)  contains  eardol  vesicans,  the 
alcoholic  solution  of  which  gives  a  reddish  yellow  colour  with  alcoholic  potash, 
turning  dark  violet  on  exposure.  Basic  lead  acetate  solution  gives  a  white 
precipitate  turning  red.  These  tests  are  not  specific  for  eardol,  but  in  conjunc¬ 
tion  with  a  vesicating  effect  possess  some  value  as  a  guide. 

Ether-chloroform  extract  from  acid-aqueous-extract  (p.  842).  In  addition  to 
the  toxic  oils  which  may  have  been  separated  in  the  light  petroleum  extract,  this 
will  contain  substances  of  neutral,  acid,  and  weak  basic  nature  mixed  with 
greasy  matter,  etc.  This  extract  will  contain  the  peculiarly  tropical  poisons 
such  as  (1)  glucosides  with  cardiac  action,  e.  g.  neriin  from  Nerium  Oleander, 
urechitoxin  from  Urechites  suberecta,  superbin  from  Gloriosa  super ba ;  (2) 

haemolytic  glucosides  of  the  saponin  class  ;  (3)  convulsant  poisons  similar  to 
picrotoxin,  e.  g.  sikimin  from  Illicium  religiosum  ;  (4)  irritant  acid  resins  from 
Euphorbiaceae  ;  (5)  anthelmintics  of  the  phloroglucin  class,  e.  g.  kosotoxin  from 
Hagenia  abyssinnica  ( Brayera  anthelmintica )  ;  and  (6)  anthraquinone  derivatives 
e.  g.  plumbagin  from  Plumbago  zeylanica. 

Unfortunately,  few  definite  chemical  tests  for  these  substances  have  been 
discovered,  and  interesting  as  the  study  of  this  extract  is  from  the  scientific 
point  of  view,  remarks  must  be  curtailed  to  the  few  tests  of  actual  practical 
value. 

The  residue,  which  has  the  appearance  of  a  greasy  varnish  should  be  washed 
with  light  petroleum,  the  washings  being  reserved. 

Tests  for  vesicating  action  should  be  tried  first  by  stirring  a  small 
quantity  of  the  residue  with  a  few  drops  of  olive  oil  before  applying  it  to  the 
skin.  At  least  four  hours  should  be  allowed  for  the  test,  but  as  the  extract  often 
contains  acid  substances  slight  irritation  of  the  skin  is  commonly  noticed. 
If  the  test  is  positive  a  second  test  should  be  made  after  soaking  a  portion  of 
the  residue  in  cold  caustic  potash  solution  as  described  under  ‘  Marking  nut 
oil 5  (p.  843).  If  the  vesicating  action  persists  cantharidin  may  be  present. 

Cantharidin.  The  presence  of  this  substance  may  have  been  suspected 
by  the  discovery  of  fragments  suspected  to  be  those  of  Lytta,  Mylabris,  etc. 
There  are  no  characteristic  tests.  The  substance  is  a  lactone  sparingly  soluble 
in  water  but  soluble  in  caustic  alkali  (colourless  solution  if  pure).  It  is  slightly 
volatile  in  steam,  hot  alcohol,  etc.,  and  if  being  specially  searched  for,  the  Stas- 
Otto  process  should  be  carried  out  with  slightly  alkaline  solutions,  using  caustic 
potash  solution.  This  procedure  should  not  be  used  if  other  alkaloids  are  being 
searched  for. 

Cantharidin  is  recovered  from  the  crude  residue  as  follows  :  the  residue  is 
dissolved  in  warm  dilute  caustic  potash  when  a  solution  of  potassium  canthari- 
date  is  formed.  This  is  cooled  and  shaken  repeatedly  with  ether  and  chloroform 
which  remove  impurities.  The  solution  is  now  acidified  and  warmed  to  70°  C. 
to  convert  the  free  cantharidic  acid  into  the  lactone.  On  cooling  a  turbidity 
of  cantharidin  may  be  noticed  if  much  is  present.  The  turbid  liquid  is  now 
shaken  with  chloroform  which  extracts  the  purified  cantharidin.  If  sufficient 
quantity  is  present  attempts  should  be  made  to  obtain  crystals  by  dissolving 
in  a  little  hot  water  and  allowing  the  solution  to  cool.  Ethyl  acetate  is  a  good 
solvent  for  this  purpose.  The  crystals  obtained  consist  of  rhombic  plates  giving 
a  play  of  colours  if  examined  with  a  microscope  fitted  with  a  polarization 
attachment.  If  obtainable  in  sufficient  purity  and  quantity  the  melting-point 
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(218°  C.)  should  be  determined.  In  the  absence  of  fragments  of  Lytta ,  etc., 
it  is  not  possible  in  tropical  practice  to  name  as  cantharidin  a  vesicant  un¬ 
changed  by  treatment  with  potash  unless  definite  crystals  are  obtained  possess¬ 
ing  the  peculiar  solubility  described. 

Other  vesicants  unchanged  by  treatment  with  cold  caustic  potash. 
Capsicin  from  Capsicum  annum  and  in  a  lesser  degree  piperin  from  Piper 
nigrum ,  are  also  found  in  this  extract,  and  the  former  is  commonly  met  with 
owing  to  the  wide  use  of  capsicum  as  a  native  condiment.  Their  presence  is 
usually  indicated  by  the  finding  of  seeds  or  fragments  in  vomit,  etc. 

Capsicin  melts  at  63°  C.,  and  gives  off  irritating  fumes  on  heating  on  a 
platinum  spatula. 

Piperin  residues  give  a  deep  red  coloration  with  strong  sulphuric  acid 
which  fades  on  dilution  with  water.  Strong  nitric  acid  gives  an  orange  red 
colour  which  turns  blood  red  on  the  addition  of  alkali.  Both  capsicin  and 
piperin  are  slightly  soluble  in  light  petroleum. 

Vesicants  changed  by  treatment  with  caustic  potash.  It  is  beyond 
the  scope  of  this  chapter  to  attempt  to  enumerate  the  many  substances  of  this 
class  that  may  be  met  with  in  tropical  practice.  In  most  cases  it  is  impossible 
to  identify  the  substance  by  chemical  tests  and  botanical  evidence  must  be 
relied  upon. 

Plumb  agin  should  be  tested  for  as  described  on  p.  814  if  the  occurrence 
of  plumbago  plants  in  the  locality  is  probable. 

Anemonol  and  anemonin.  These  occur  in  several  Ranunculaceie.  Chemical 
tests  are  not  characteristic  but  support  botanical  evidence. 

On  treating  the  residue  with  caustic  potash  an  orange  red  colour  is  produced, 
especially  on  warming.  A  portion  of  the  residue  dissolved  in  dilute  alcohol  is 
mixed  with  a  few  drops  of  sodium  nitroprusside  solution  and  a  few  drops  of 
caustic  soda  solution  added.  An  intense  blood-red  coloration  is  produced  which 
changes  to  violet  if  the  mixture  is  acidified  with  acetic  acid. 

Physiological  test.  This  test  is  important  as  if  no  marked  physiological 
action  is  produced  it  is  hardly  worth  while  continuing  the  examination  of 
this  extract  unless  traces  of  some  substance  giving  a  characteristic  colour  test 
such  as  thevetin  or  plumbagin  are  being  searched  for. 

A  portion  of  the  residue  is  brought  into  solution  by  warming  with  a  few 
drops  of  water  to  which  a  micro-drop  of  dilute  caustic  soda  is  added.  A  yellow 
coloration  is  often  noticed  in  doing  this.  A  red  coloration  usually  indicates 
chrysophanic  acid  or  other  oxymethylanthraquinone  derivative  from  some 
vegetable  purge.  Sometimes  a  micro-drop  of  dilute  hydrochloric  acid  promotes 
solution  in  the  case  of  weak  basic  substances. 

The  solution  is  removed  from  undissolved  fat  or  oily  matter  by  drawing  it 
off  in  a  fine  pipette  and  blowing  it  out  on  to  a  clean  watch-glass.  It  is  now 
made  neutral,  using  dilute  hydrochloric  acid  or  sodium  bicarbonate  as  may  be 
necessary,  and  the  turbid  liquid  injected  into  the  back  of  a  frog.  Special 
attention  should  be  paid  to  the  symptoms  displayed  by  the  frog  in  order  to 
decide  if  the  toxic  substance  present  belongs  to  the  convulsant  group  (neriin, 
picrotoxin)  or  to  the  cardiac  group  (thevetin,  strophanthin.). 

If  marked  action  is  produced  the  residue  should  be  purified  and  attempts 
made  to  decide  the  nature  of  the  toxic  substance  present.  This  is  difficult, 
and  with  small  quantities  often  impossible. 

Purification  of  the  residue.  The  residue  is  brought  into  solution  in  water 
with  the  aid  of  a  few  drops  of  caustic  alkali  or  acid  as  may  be  necessary.  It 
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is  then  filtered  from  undissolved  matter,  shaken  with  light  petroleum  to  remove 
oily  substances  and,  after  being  acidified  with  dilute  hydrochloric  acid,  is 
shaken  out  once  with  ether  and  once  with  chloroform.  Certain  glucosides  are 
isolated  best  by  saturating  the  neutral  solution  in  water  with  ammonium 
sulphate  and  extracting  the  substance  by  shaking  with  chloroform  containing 
10  per  cent  of  alcohol.  The  ether  and  chloroform  are  mixed  and  allowed  to 
evaporate  spontaneously.  The  purer  residue  should  now  be  treated  with  a  few 
drops  of  hot  alcohol,  water  or  benzol,  and  attempts  made  to  obtain  crystals, 
but  it  is  difficult  to  purify  this  residue. 

A  physical  characteristic  which  may  give  an  indication  is  the  colour  of 
acid  or  alkaline  solutions.  An  intense  yellow  in  both  alkaline  or  acid  solution 
denotes  colchicin  (rarely  met  with).  A  red  or  orange-red  coloration  in  alkaline 
solution  may  indicate  plumbagin  or  allied  substances  or  santonin.  A  violet 
fluorescence  in  alkaline  solution  indicates  scopoletin,  possibly  from  gelsemin 
root  (see  Gelsemin,  p.  854). 

The  formation  of  a  stable  foam  on  shaking  indicates  a  saponin.  A  marked 
bitter  taste  indicates  picrotoxin  or  colocynthin.  The  odour  of  essential  oils, 
such  as  oil  of  bitter  almonds,  camphor,  etc.,  may  be  observed. 

Thevetin  (p.  815),  if  likely  to  be  present,  should  now  be  tested  for,  washing 
a  portion  of  the  residue  with  ether  before  applying  the  test. 

Another  portion  of  the  residue  should  be  moistened  with  strong  sulphuric 
acid.  A  yellow  solution  changing  to  brown  is  usually  obtained.  A  red  colour 
changing  slowly  to  violet  indicates  the  glucosides  helleborin,  saponin,  or  traces 
of  solanidin  from  solanin,  while  a  greenish  tinge  may  be  due  to  strophanthin. 

The  test  should  be  repeated,  adding  a  micro-drop  of  fresh  bromine  water 
or  nitric  acid  after  mixing  the  residue  with  sulphuric  acid,  when  a  fine  violet 
colour  is  produced  with  many  glucosides  (neriin,  etc.).  None  of  these  colour 
tests  are  specific  and  their  sole  value  lies  in  indicating  the  class  to  which  a 
cardiac  poison  may  belong. 

Colchicin  and  santonin  are  very  rarely  met  with  in  tropical  practice. 

Colchicin  residues  are  intensely  bitter  and  are  markedly  yellow  in  both 
acid  or  alkaline  solution. 

A  portion  of  the  purified  residue  is  moistened  with  a  drop  of  strong  nitric  acid 
(1 : 4)  when  a  red  coloration  is  produced.  If  much  colchicin  is  present  a  violet 
colour  is  formed,  changing  to  yellow  and  finally  to  green.  If  a  drop  of  strong 
caustic  potash  is  added  to  the  yellow  mixture  a  fine  orange-red  colour  is  produced. 

If  a  portion  of  the  residue  is  mixed  with  a  drop  of  strong  sulphuric  acid 
a  yellow  mixture  is  formed.  On  adding  a  drop  of  nitric  acid  this  changes  to 
brown,  then  violet,  then  to  brown  again,  and  finally  to  yellow.  The  effect  on 
frogs  is  enhanced  by  keeping  the  animals  warm  (30°  C.). 

Picrotoxin  is  used  as  a  fish  poison  in  the  tropics  and  may  be  met  with. 
Fragments  of  the  seeds  of  Cocculus  indicus  or  Anamirta  paniculata  may  be 
found  in  food,  etc.  It  is  a  substance  of  weak  acid  character,  slightly  soluble  in 
cold  water  but  soluble  in  hot  water  or  dilute  alkali.  Crystals  are  easily  obtained 
by  warming  a  portion  of  the  purified  residue  with  water  and  allowing  it  to 
cool.  Star-shaped  clusters  of  needles  may  separate,  melting  between  199°  C. 
and  200°  C.  (The  substance  is  often  partially  decomposed  into  a  mixture  of 
picrotoxinin  and  picrotin.) 

The  crystals  or  purest  residue  obtainable  are  dissolved  in  a  few  drops  of 
chloroform,  and  drops  of  this  solution  are  placed  on  several  clean  watch-glasses 
and  allowed  to  evaporate. 
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The  residue  on  one  watch-glass  is  dissolved  in  a  drop  of  hot  water  and  a  drop 
of  bromine  water  added.  A  milky  turbidity  of  bromopicrotoxinin  should  form. 

Another  portion  of  the  residue  is  dissolved  in  a  drop  of  dilute  caustic  soda 
and  a  drop  of  Fehling’s  solution  added.  Reduction  will  take  place  slowly  in 
the  cold  but  more  quickly  on  warming. 

Another  portion  is  stirred  up  with  a  drop  of  strong  sulphuric  acid  when 
a  yellow  coloration  with  a  reddish  tinge  is  produced.  If  a  minute  crystal  of 
potassium  bichromate  is  stirred  into  this  a  fine  dark  red  colour  is  produced, 
changing  to  brown  and  finally  to  green. 

Another  portion  with  two  drops  of  strong  nitric  acid  (1:4)  is  evaporated  to 
dryness  in  a  small  porcelain  dish  on  a  boiling  water  bath.  The  reddish-yellow 
residue  is  cooled,  stirred  with  the  smallest  drop  of  strong  sulphuric  acid  and 
drops  of  strong  caustic  soda  added.  A  fine  bright  red  colour  changing  to  violet 
is  produced. 

The  physiological  test  is  characteristic.  Frogs  become  fidgetty,  then  sleepy, 
and  finally  convulsions  similar  to  those  produced  by  strychnin  set  in.  There 
is  marked  swelling  of  the  abdomen.  If  practicable,  the  effect  on  small  fish  or 
crabs  can  be  tried,  the  substance  being  dissolved  in  the  water  in  which  the 
fish  are  placed. 

The  chemical  tests  for  the  substances  peculiar  to  the  tropics  which  can  be 
isolated  in  this  group  are  seen  to  consist  of  colour  reactions  common  to  a  large 
number  of  vegetable  substances.  The  detection  of  poisons  of  this  class  depends, 
therefore,  almost  entirely  on  the  recognition  of  40  parts  of  poisonous  plants 
and  on  the  isolation  of  toxic  substances.  A  sense  of  proportion  must  be  exer¬ 
cised  in  judging  the  effects  of  substances  on  frogs,  etc.,  as  these  may  succumb 
to  a  concentrated  extract  from  a  comparatively  harmless  quack  native  purge 
or  anthelmintic.  In  criminal  cases  comparative  tests  should  be  carried  out 
with  an  extract  prepared  from  the  poisonous  root  or  other  substance  suspected 
to  be  present. 

In  the  neighbourhood  of  large  towns  in  which  modern  synthetic  drugs  can 
be  purchased  the  number  of  substances  which  may  be  isolated  from  this  extract 
is  much  increased,  and  compounds  such  as  salicylic  acid,  veronal,  etc.,  may  be 
met  with. 

Purification  of  the  alkaloid-containing-extracts.  The  first  chloroform  extract 
and  the  first  morphin  extract  still  contain  too  much  extractive  matter  for  tests 
to  be  applied.  The  method  of  purification  is  the  same  in  both  cases,  the  only 
variation  being  in  the  solvent  and  alkali  used. 

The  chloroform  extract  is  placed  in  a  separator  or  a  small  stoppered 
cylinder  and  10  c.c.  of  water,  acidified  with  one  drop  of  dilute  hydrochloric  acid, 
added.  The  mixture  is  shaken,  thus  causing  the  alkaloids  present  to  combine 
with  the  acid,  forming  salts  which  leave  the  chloroform  and  dissolve  in  the 
aqueous  acid  layer.  The  extractive  matter  remains  behind  in  the  chloroform. 
The  acid  aqueous  layer  is  separated  from  the  chloroform,  by  means  of  the  tap 
if  a  separator  is  used,  or  a  pipette  in  the  case  of  a  cylinder.  If  should  be  distinctly 
acid  or  the  alkaloids  will  not  have  been  removed.  The  chloroform  is  again 
shaken  with  another  10  c.c.  of  water,  which  should  be  acidified  if  necessary,  but 
there  is  usually  sufficient  acid  remaining  from  the  first  shaking.  The  acid 
aqueous  liquid  now  contains  the  alkaloidal  salts  in  a  fairly  pure  state.  If 
coloured  brown  it  is  advisable  to  wash  it  by  shaking  with  light  petroleum,  ether, 
or  ethyl  acetate,  which  will  remove  extractives  without  removing  the  alkaloid. 

The  clear  liquid  is  now  placed  in  a  clean  separator,  10  c.c.  of  chloroform 
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added,  followed  by  solution  of  sodium  carbonate,  drop  by  drop,  until  a  distinctly 
alkaline  reaction  is  obtained.  The  mixture  is  shaken  ;  the  alkaloid  dissolves 
in  the  chloroform,  the  acid  remaining  combined  with  the  soda.  The  chloroform 
is  run  off  and  the  alkaline  liquid  shaken  three  times  with  small  quantities  of 
chloroform  (5  c.c.).  The  chloroform,  if  contaminated  with  water,  is  passed 
through  a  filter  moistened  with  chloroform.  It  is  placed  in  a  small  clear  glass 
dish  and  allowed  to  evaporate  spontaneously.  Towards  the  end  of  evaporation 
a  few  drops  of  absolute  alcohol  are  added  and  the  process  completed. 

The  morphin  extract  is  purified  in  the  same  way,  using  the  ether-ethyl 
acetate  mixture  or  warm  amyl  alcohol  instead  of  chloroform,  and  sodium 
bicarbonate  instead  of  sodium  carbonate. 

The  residue  obtained  by  the  evaporation  of  either  extract  appears  as  a  brown 
ring  of  varnish-like  matter  on  the  sides  of  the  dish  while  at  the  bottom  is  a  deposit 
of  the  purer  alkaloid,  generally  an  amorphous  powder  or  brownish  deposit. 
If  oily  and  possessing  a  strong  smell  of  tobacco,  nicntin  is  indicated,  but  other¬ 
wise  further  purification  is  necessary.  If  much  alkaloid  is  present  crystals  may 
be  seen.  The  material  from  the  brown  ring  should  be  used  for  the  preliminary 
tests,  the  purer  deposit  being  reserved  for  the  confirming  tests. 

To  determine  the  presence  of  an  alkaloid.  Some  of  the  material  from 
the  brown  ring  is  removed,  dissolved  in  chloroform,  and  drops  placed  on  a  num¬ 
ber  of  watch-glasses  and  allowed  to  evaporate.  In  this  way  a  minute  amount 
of  material  can  be  easily  subdivided. 

A  number  of  fine  glass  rods  and  pipettes  should  be  made  by  drawing  out 
glass  rods  and  test  tubes  in  the  blowpipe  and  cutting  them  into  short  lengths. 
By  this  means  it  is  possible  to  deal  with  extremely  small  quantities  of  reagents. 

There  are  no  group  tests  for  alkaloids  and  the  following  procedure  is  therefore 
adopted.  The  residue  on  one  watch-glass  is  dissolved  in  a  drop  of  water  to 
which  a  minute  drop  of  dilute  sulphuric  acid  is  added.  The  solution  is  divided 
into  two  parts  with  a  capillary  pipette  and  tested  with  the  following  alkaloid 
precipitants. 

(1)  Iodine  solution.  (1  grm.  iodine,  2  grm.  potassium  iodide,  water 
50  c.c.).  A  minute  drop  of  this  reagent  produces  a  characteristic  chocolate- 
coloured  precipitate  if  alkaloids  are  present. 

(2)  Mayer’s  reagent.  (Add  potassium  iodide  solution  to  a  solution  of 
mercuric  chloride  until  the  red  precipitate  produced  is  just  redissolved.)  A  drop 
of  this  reagent  produces  a  white  or  gelatinous  precipitate  if  alkaloids  are 
present.  This  is  not  so  sensitive  as  the  first  test. 

(3)  Tannic  acid  (5  per  cent  solution  in  water).  A  drop  of  this  solution 
added  to  one  containing  alkaloids  gives  a  white  or  yellow-white  precipitate. 
Free  acetic  acid  must  not  be  present. 

(4)  The  most  reliable  precipitant  is  sodium  phospho-molybdate.  (One 
part  of  the  salt  is  dissolved  in  9  parts  of  water  to  which  1  part  of  nitric  acid 
of  S.G.  1-4  is  added.)  A  drop  of  this  solution  when  added  to  one  containing 
an  alkaloid  produces  a  yellow  amorphous  precipitate  which  usually  turns  blue 
on  standing.  Ammonium  salts  also  give  a  precipitate. 

Sodium  phospho-molybdate  is  prepared  as  follows.  15  grm.  of  ammonium 
molybdate  are  powdered  and  dissolved  in  30  c.c.  of  water  with  the  aid  of  a  few 
drops  of  ammonia.  The  solution  is  made  up  to  100  c.c.  with  water  and  poured 
slowly,  while  being  shaken,  into  100  c.c.  of  strong  nitric  acid  (S.G.  1-2).  To 
100  c.c.  of  this  solution,  warmed  to  40°  C.,  warm  sodium  phosphate  solution  is 
added  as  long  as  a  precipitate  is  produced.  The  yellow  precipitate  is  thrown 
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on  a  filter,  washed  repeatedly  with  water  acidified  with  nitric  acid  and  dissolved 
in  warm  sodium  carbonate  solution.  This  is  evaporated  to  dryness,  the  residue 
transferred  to  a  porcelain  crucible  and  heated  to  a  dull  red  heat  to  drive  off  all 
traces  of  ammonium  salts.  The  residue  will  turn  dark  blue  and  should  be  cooled 
and  moistened  with  concentrated  nitric  acid.  It  is  again  heated  to  a  dull  red 
heat,  cautiously  at  first,  until  the  nitric  acid  is  evaporated.  This  must  be 
repeated  until  the  residue  remains  white  after  heating.  The  resulting  sodium 
salt  is  dissolved  in  dilute  nitric  acid  as  described  above.  The  alkaloid  precipi- 
tants  are  not  specific  and,  even  if  no  alkaloid  is  present,  give  a  precipitate  with 
many  other  substances — extractive  matter,  etc.  If  no  precipitate  is  obtained, 
no  alkaloid  is  present.  A  very  faint  precipitate  usually  means  a  negative  result 
as  the  quantity  of  alkaloid  present  is  too  small  to  be  identified  unless  some  very 
sensitive  and  specific  test  is  applicable  (e.  g.  taste  test  for  aconitin). 

Systematic  testing  for  the  alkaloid.  Probably  tests  will  be  directed  to  some 
particular  alkaloid,  e.  g.  morphin  or  aconitin,  but  if  not,  tests  should  be 
applied  as  follows : 

Morphin  residue  (p.  848).  Marquis’s  test.  To  a  minute  portion  of  the 
solid  residue  on  a  watch-glass  add  a  drop  of  a  solution  consisting  of  3  c.c.  of 
strong  sulphuric  acid  and  two  drops  of  formalin.  A  fine  purple-red  coloration, 
changing  to  violet  and  finally  to  blue,  indicates  morphin. 

Frcede’s  reagent.  (OT  grm.  of  powdered  ammonium  molybdate  is  dis¬ 
solved  by  shaking  in  10  c.c.  of  cold  strong  sulphuric  acid.)  A  drop  of  this  mix¬ 
ture  (which  must  be  freshly  made)  added  to  some  of  the  morphin  residue 
produces  a  fine  violet  colour,  changing  to  blue  and  finally  to  dirty  green. 

If  these  tests  are  positive,  the  presence  of  morphin  should  be  confirmed  as 
follows : 

(1)  Strong  nitric  acid  applied  to  morphin  residue  should  give  an  orange- 
red  colour  changing  to  yellow. 

(2)  Apomorpiiin  reaction.  (Husemann’s  test.)  Some  of  the  morphin 
residue  is  dissolved  in  a  drop  of  concentrated  sulphuric  acid  and  warmed  on  the 
water  bath  for  half  an  hour.  A  brown  or  almost  black  (if  impure)  coloration  is 
produced.  On  cooling  a  minute  drop  of  nitric  acid  is  added,  the  basin  or 
watch-glass  being  tilted  so  as  to  spread  out  the  sulphuric  acid.  A  red-violet 
or  blue  coloration  is  produced  which  rapidly  changes  to  dark  blood  red.  This 
reaction  is  very  sensitive  and  succeeds  even  with  impure  morphin.  A  better 
method  is  to  allow  the  morphin  residue  and  sulphuric  acid  to  stand  for  24 
hours  in  the  cold  (in  a  desiccator)  before  applying  the  nitric  acid.  A  particle 
of  potassium  nitrate  or  potassium  chlorate  can  be  used  instead  of  nitric  acid. 

(3)  Pellagri’s  test  should  be  applied  if  sufficient  material  is  available.  The 
solid  morphin  residue  is  dissolved  in  two  drops  of  concentrated  hydrochloric 
acid  to  which  a  micro-drop  of  strong  sulphuric  acid  is  added.  This  is  heated  on 
the  water  bath  for  half  an  hour,  a  pink  to  brown  colour  being  produced.  On 
cooling,  the  sticky  residue  is  diluted  with  a  drop  of  water — acidified  ii  necessary 
with  hydrochloric  acid — and  sodium  bicarbonate  solution  added,  drop  by  drop, 
until  an  alkaline  solution  is  obtained.  The  colour  becomes  more  red.  A  micro¬ 
drop  of  alcoholic  solution  of  iodine  is  added,  when  a  fine  emerald  green  colour 
slowly  develops.  Excess  of  iodine  spoils  the  test.  If  a  little  ether  is  poured  on 
the  surface  of  the  mixture,  and  shaken  with  it,  the  ether  layer  takes  a  reddish 
tinge,  the  watery  layer  remaining  green. 

(4)  A  trace  of  the  morphin  residue  is  dissolved  in  dilute  sulphuric  acid 
(1  in  50).  To  this  a  drop  of  6  per  cent  iodic  acid  in  water,  or  8  per  cent  potassium 
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iodatc  (free  from  iodide)  dissolved  in  2  per  cent  sulphuric  acid,  is  added.  A 
faint  yellow  coloration  due  to  liberated  iodine  is  produced.  A  micro-drop  of 
the  mixture  is  placed  on  starch  paper  or  powdered  starch,  when  a  blue  colour 
should  be  produced.  The  remaining  liquid  is  treated  with  a  drop  of  very  dilute 
ammonia,  when  the  colour  should  deepen  to  brown. 

If  these  tests  are  positive,  one  can  consider  that  morphin  has  been  proved 
to  be  present.  The  most  important  test  is  the  apomorphin  reaction,  as  other 
substances  will  give  the  other  tests.  It  is  very  unlikely  that  such  a  mixture  of 
substances  maybe  present  as  to  give  the  Marquis  Froede,  nitric  acid,  and  iodic 
acid  reactions,  but  nevertheless  one  apomorphin  reaction  must  be  obtained. 

Residue  from  the  first  chloroform  extract  (p.  847).  This  residue  contains 
the  majority  of  the  alkaloids.  Minute  portions  of  residue  should  be  transferred 
to  watch-glasses  by  the  chloroform  method  as  described  (p.  846). 

If  the  residue  is  oily  with  a  smell  of  tobacco  or  mice,  nicotin  or  coniin  may 
be  present  :  these  poisons  are  rare  in  tropical  practice,  although  possible  poison¬ 
ing  by  tobacco  leaves  may  be  met  with. 

Nicotin.  This  is  a  volatile  alkaloid  and  the  chloroform  residue  should 
therefore  be  mixed  with  a  drop  of  dilute  sulphuric  acid  to  convert  it  into  the 
non-volatile  salt  before  evaporation  is  carried  out.  If  a  drop  of  the  oily  base, 
or  the  solution  of  the  hydrochloride,  placed  on  the  tongue  of  a  small  bird  or 
mouse,  produces  immediate  and  marked  convulsions,  paralysis,  with  death  in 
a  few  minutes,  nicotin  may  be  present.  Extracts  from  viscera  often  impart 
a  mousy  or  foul  smell  to  alkaloid  residues  which  may  be  oily  if  impure,  conse¬ 
quently  a  conclusion  that  nicotin  is  the  alkaloid  present  must  not  be  accepted 
without  careful  tests. 

If  nicotin  is  suspected  a  careful  repurification  of  the  alkaloid  residue  should 
be  carried  out,  as  described  on  p.  847,  to  prove  that  the  toxic  substance  is 
really  an  oil  possessing  a  sharp  tobacco-like  smell.  It  should  be  distilled  in 
a  small  distillation  apparatus  from  a  solution  to  which  caustic  soda  has  been 
added,  and  the  oily  base  recovered  from  the  distillate  by  extraction  with  chloro¬ 
form.  The  alkaloid  precipitants  and  toxicity  tests  should  be  applied  to  the 
purified  residue. 

There  are  few  conclusive  chemical  tests. 

Roussin’s  crystals.  A  drop  of  an  ether  solution  of  iodine  is  added  to  some 
nicotin  dissolved  in  ether.  A  red-brown  oil  separates  out,  which  hardens  and 
after  some  hours — usually  next  morning — deposits  dark  red  needles  which  by 
reflected  light  appear  blue. 

A  trace  of  nicotin  dissolved  in  a  drop  of  dilute  hydrochloric  acid  gives,  on 
evaporation,  a  yellow  varnish  which  slowly  crystallizes. 

A  drop  of  a  very  dilute  solution  should  possess  a  markedly  bitter  taste. 

If  the  substance  present  possesses  all  these  characteristics,  and  only  then 
if  there  is  other  evidence  of  tobacco  poisoning,  the  presence  of  nicotin  can  be 
considered  as  proved.  Putrid  viscera  often  yield  a  foul-smelling  oily  residue, 
which  may  contain  ptomaines,  but  this  is  rarely  poisonous  or  only  in  a  feeble 
degree  as  compared  with  nicotin. 

Other  alkaloids.  The  alkaloids  most  probably  present,  after  the  exclusion 
of  morphin,  are  aconitin,  the  mydriatics,  strychnin,  also  mixtures  of  strychnin 
and  brucin  (from  nux  vomica  seeds),  delphinin  ( Delphinium  staphisagria), 
cocaine,  gelsemin,  and  physostigmin. 

The  residue  on  a  watch-glass  is  moistened  with  a  drop  of  Froede’s  reagent 
(see  Morphin,  p.  849).  The  usual  result  is  the  slow  development  of  a  faint 
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blue  colour,  even  in  negative  cases,  but,  apart  from  a  violet  tinge  due  to  traces 
of  morphin  extracted  in  this  fraction,  a  fine  red  colour,  turning  yellow-green 
and  dark  blue,  indicates  brucin.  Traces  of  colchicin,  which  may  have 
escaped  extraction,  in  the  ‘  acid  extraction  ’,  would  account  for  a  faint  violet 
turning  yellow.  Traces  of  physostigmin  (extremely  rare)  impart  a  red-yellow. 
A  yellow  colour  changing  to  orange  and  finally  to  red  indicates  veratrin 
(veratrum  root),  while  a  brown  colour,  becoming  dark  red  and  finally  cherry 
red,  indicates  delphinin. 

Another  portion  of  the  residue  on  a  Avateh-glass  is  moistened  with  a  drop 
of  strong  sulphuric  acid  and  stirred.  Owing  to  impurities,  residues  from  viscera 
usually  turn  brown,  but  a  reddish  tinge  indicates  porpiiyroxin  (see  p.  814) 
in  cases  of  poisoning  by  Indian  opium.  A  faint  red  tinge  indicates  brucin, 
cocaine,  aconitin,  or  ver  atrin.  A  portion  of  the  sulphuric  acid  solution  of 
the  alkaloid  is  drawn  off  in  a  micro-pipette,  placed  on  a  clean  watch-glass,  and 
a  micro-drop  of  nitric  acid  or  a  particle  of  potassium  nitrate  stirred  in.  A  red 
coloration  indicates  brucin,  delpiiinin,  traces  of  morphin,  physostigmin, 
and  possibly  traces  of  curarin  or  veratrin.  A  green  coloration,  turning 
violet,  indicates  colchicin  (p.  846).  The  remaining  sulphuric  acid  on  the  first 
watch-glass  is  now  stirred  with  a  minute  particle  of  potassium  bichromate, 
when  coloured  streaks,  changing  from  blue  to  violet  or  crimson,  indicate  strych¬ 
nin,  gelsemin,  and  possibly  traces  of  curarin.  A  green  coloration  is  commonly 
produced  in  negative  cases  and  with  morphin. 

If  no  indication  has  been  obtained,  the  following  special  tests  may  be  applied. 

(1)  Taste  test  for  aconitin,  delphinin,  cocaine,  and  strychnin  (brucin). 

(2)  Vitali’s  test.  This  test  indicates  the  mydriatics  atropin,  hyoscyamin, 
etc.  A  portion  of  the  solid  residue  is  heated  in  a  small  porcelain  dish  on  the 
water  bath  with  two  drops  of  fuming  nitric  acid  (or  the  strongest  nitric  acid 
obtainable).  When  dry,  it  is  cooled  and  a  drop  of  10  per  cent  alcoholic  solution 
of  caustic  potash  added.  A  fine  purple  or  violet,  changing  to  a  red  tint  and 
finally  fading,  indicates  hyoscyamin,  atropin,  or  scopolamin  (hyoscin). 
Usually  a  brown  colour  is  produced.  A  red  coloration  indicates  strychnin. 
If  warmed,  an  ethereal  odour  indicates  cocaine  ;  a  red  colour  may  develop  at 
the  same  time.  If  this  test  is  positive  for  mydriatics,  and  veratrin  is  absent 
(from  evidence  of  previous  tests),  the  mydriatic  action  on  the  eye  of  a  cat  should 
be  tried. 

Mydriatic  action.  A  portion  of  the  purer  alkaloid  residue  is  dissolved  in 
a  drop  of  water,  to  which  a  micro-drop  of  dilute  hydrochloric  acid  is  added.  The 
solution  is  then  carefully  neutralized  with  dilute  sodium  bicarbonate  and  a  drop 
put  into  the  right  eye  of  a  cat ;  a  white  kitten  shows  the  effect  best.  After  half 
an  hour,  the  animal  is  taken  out  into  the  sunlight  and  the  eyes  compared.  If  the 
right  pupil  is  the  larger  a  mydriatic  is  present.  The  alkaloids  found  in  datura, 
hyoscyamus,  scopolia,  etc.  (atropin,  hyoscyamin,  scopolamin),  all  produce 
mydriasis  and  give  Vitali’s  test.  They  cannot,  therefore,  be  distinguished  or 
definitely  named  unless  some  specific  character  can  be  determined.  It  is  in¬ 
correct,  strictly  speaking,  to  name  the  alkaloid  giving  these  tests  and  extracted 
from  a  case  of  known  datura  poisoning  as  4  Atropin  ’.  ‘  Atropin  rarely,  if 
.  ever,  occurs  as  such  in  plants  ’  (Henry,  Alkaloids).  The  alkaloid  actually 
present  in  the  majority  of  cases  is  hyoscyamin,  which  possibly  undergoes 
transformation  into  its  isomer  atropin  during  the  analysis.  It  is  more  correct, 
therefore,  to  report  the  alkaloid  detected  as  a  mydriatic  of  the  atropin  group, 
and  this  is  usually  sufficient  in  tropical  courts  of  law.  Vitali’s  test  is  given  by 
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veratrin,  but  this  develops  a  red  colour  on  heating  alone  with  the  nitric  acid  ; 
the  final  tint  is  pink.  Of  the  other  alkaloids  producing  mydriasis,  ephedrin 
and  pseudo-ephedrin  do  not  give  Vitali’s  test.  The  same  applies  to  cocaine 
and  cystisin,  while  veratrin  and  gelsemin  are  distinguished  by  the  colour  pro¬ 
duced  on  heating  with  nitric  acid  alone. 

Usually  botanical  evidence,  pointing  to  the  absorption  of  part  of  a  solana- 
ceous  plant,  will  be  forthcoming,  but  if  not,  and  a  sufficient  residue  is  available, 
the  following  tests  should  be  applied. 

Tests  for  the  atropin  group  of  alkaloids.  A  particle  of  the  purest  residue  is 
placed  on  a  piece  of  phcnolphthalein  paper  and  moistened  with  a  drop  of  absolute 
alcohol.  No  coloration  appears.  After  evaporation  the  spot  is  moistened 
with  water,  when  a  pink  coloration  is  produced.  (Distinction  from  alkalis.) 
The  colour  disappears  on  re-addition  of  alcohol. 

Gerrard’s  test.  If  a  drop  of  an  alcoholic  solution  of  mercuric  chloride  is 
added  to  a  particle  of  the  dried  residue,  a  yellow  or  red  precipitate  is  produced. 
Atropin  gives  a  red  precipitate  at  once,  hyoscyamin  only  on  warming. 

Wormley'S  test.  A  drop  of  hydrochloric  acid,  saturated  with  bromine, 
added  to  a  solution  of  the  alkaloid  in  dilute  sulphuric  acid  (1  in  50),  forms 
a  yellow  amorphous  precipitate  which  crystallizes  on  standing,  distinct  crystals 
being  visible  under  the  microscope. 

Identification  of  the  actual  member  of  the  group  present.  If  this  is  necessary, 
and  sufficient  residue  is  available,  the  melting-point  of  the  picrate  can  be  deter¬ 
mined. 

A  solution  of  the  alkaloid  in  water,  as  strong  as  possible,  is  made,  as  described 
in  the  preparation  for  the  eye  test  (p.  851)  and  carefully  neutralized.  To 
this  a  cold  saturated  solution  of  picric  acid  in  water  is  added,  and  the  mixture 
warmed  and  allowed  to  cool.  The  crystalline  deposit  is  allowed  to  settle  and  the 
supernatant  liquid  decanted  off.  The  deposit  is  recrystallized  from  weak 
alcohol,  dried  in  a  desiccator,  and  the  melting-point  determined. 

The  respective  picrates  melt  as  follows  :  hyoscyamin,  165-166°  C.  (329- 
330°  F.);  atropin,  175-176°  C,  (347-348°  F.)  ;  scopolamin,  193°  C.  (379°  F.)  ; 
1-hyoscin,  180-181°  C.  (356-357°  F.)  ;  noratropin,  227°  C.  (440°  F.)  ;  nor- 
hyoscyamin,  220°  C.  (428°  F.). 

Unless  a  definite  melting-point  is  obtained,  which  corresponds  closely  with 
the  above  temperatures  (Carr  and  Reynolds),1  it  cannot  be  definitely  stated 
that  the  particular  alkaloid  is  present. 

In  tropical  practice,  extracts  from  rare  or  little-known  plants  producing 
a  mydriatic  effect  may  be  met  with,  e.  g.  the  ‘  Poison  bulb  ’  of  South  Africa 
( Buphane  disticha),  which  contains  a  strong  basic  alkaloid  possessing  a  physio¬ 
logical  action  resembling  that  of  hyoscin.  Caution  should  be  observed  before 
naming  the  alkaloid. 


Aconitin.  There  are  no  chemical  tests  for  this  alkaloid.  The  taste  test, 
followed  by  a  toxicity  test  on  a  frog  or  other  small  animal,  are  the  sole  means  of 
identification.  Delphinin  is  easily  distinguished  by  its  colour  reactions.  Some 
varieties  of  aconite  root  which  contain  pseudaconitin,  respond  to  Vitali’s  test, 
and  yield  an  orange-red  colour.  A  physiological  test  with  extract  of  aconite 
root  should  be  carried  out  for  purposes  of  comparison.  Frogs  drop  the  lower  jaw 
and  make  motions  as  if  vomiting.  Kymographic  tracings  of  a  frog’s  heart, 
perfused  with  an  extract  of  the  alkaloid,  are  not  specific. 

The  varieties  of  aconitin  to  be  met  with  are  numerous  :  bikhaconitin. 


1  Journal,  Chemical  Society ,  H)12. 
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japaconitin,  indaconitin,  and  pseudaconitin,  all  of  which  resemble  aconitin  in 
physiological  action. 

Delphinin.  This  alkaloid  may  be  met  with  and,  owing  to  its  physiological 
action,  may  be  thought  to  be  aconitin.  Delphinin  consists  of  several  alkaloids  : 
delphinin,  delphisin,  delphinoidin,  etc.  It  is  extremely  poisonous. 

A  portion  of  the  dry  residue  is  dissolved  in  a  drop  of  strong  sulphuric  acid 
and  exposed  to  bromine  vapour  or  a  micro-drop  of  bromine  water  may  be  added. 
A  violet  colour,  turning  cherry  red,  is  produced. 

If  a  portion  of  the  dry  residue  is  stirred  with  a  drop  of  strong  syrup  of  sugar, 
and  a  drop  of  strong  sulphuric  acid  added,  a  brown  coloration,  changing  to  a 
deep  green,  is  produced.  The  colour  produced  by  Froede’s  reagent  has  been 
described  (p.  851). 

These  colour  tests,  coupled  with  an  aconitin  taste  and  highly  toxic  effects 
on  a  frog,  are  sufficient  to  confirm  poisoning  by  Delphinium  staphisagria. 

Strychnin.  This  may  be  found  alone  or  mixed  with  brucin,  the  presence 
of  which  will  have  been  indicated  by  the  nitric  acid  test  (p.  849).  The  most 
important  chemical  reaction  of  strychnin  is  that  produced  by  strong  sulphuric 
acid  and  an  oxidizing  agent,  e.  g.  potassium  bichromate.  A  portion  of  the 
residue  is  moistened  with  strong  sulphuric  acid  and  mixed,  and  a  minute  particle 
of  potassium  bichromate,  or  better,  manganese  dioxide,  stirred  in.  Coloured 
streaks  will  be  produced  in  the  following  order  :  purple-blue,  purple,  crimson, 
and  finally  bright  red.  If  brucin  is  present,  a  red  colour,  turning  olive  green 
and  brown,  appears.  When  the  brucin  has  been  oxidized  the  violet  colour  of 
strychnin  makes  its  appearance. 

As  a  rule  brucin  does  not  interfere  with  the  reaction,  but  if  the  test  is  un¬ 
satisfactory,  strychnin  chromate  should  be  precipitated  as  follows  :  A  portion 
of  the  solid  residue  is  dissolved  in  a  drop  of  dilute  acetic  acid  (1  in  50),  and 
evaporated  to  dryness  on  the  water  bath.  The  residue  is  dissolved  in  a  drop  of 
water  and  a  drop  of  potassium  bichromate  solution  added.  The  supernatant 
liquid  is  decanted  from  the  yellow-red  precipitate,  which  is  dried  by  exposure 
or  warming,  and  when  cool  treated  with  a  drop  of  strong  sulphuric  acid,  a  violet 
colour  being  produced. 

Unfortunately  other  substances-  give  a  somewhat  similar  play  of  colours 
when  treated  with  sulphuric  acid  and  potassium  bichromate.  Many  of  them,  e.  g. 
salicin,  have  been  separated  by  the  acid  extraction,  but  others,  such  as  gelse- 
min  and  curarin,  which  have  a  similar  physiological  action,  must  be  excluded. 


The  presence  of  gelsemin  will  have  been  inferred  already  from  the  colour  of 
scopoletin  in  the  acid  ether  extract,  and  from  the  red  colour  with  sulphuric  acid 
alone.  It  is  easily  distinguished  from  strychnin  in  that  the  final  tint  of  this 
oxidation  test  is  blue  with  gelsemin,  not  crimson.  Other  tests  are  described 
later  (see  gelsemin). 

Curarin  is  not  likely  to  be  present  in  this  extract,  but  is  distinguished  by  the 
colour  produced  by  sulphuric  acid  alone  or  by  Froede’s  reagent,  giving  blue  or 
violet  colours.  If  brucin  is  present  the  distinction  is  not  so  clear,  and  pure 


strychnin  crystals  must  be  prepared,  if  possible,  in  order  to  name  the  poison  as 
strychnin.  If  botanical  evidence  of  the  presence  of  nux  vomica  seeds  has  been 
obtained,  this  is  perhaps  unnecessary.  Otherwise  all  that  can  be  deposed  is  the 
presence  of  a  convulsant  poison,  probably  strychnin.  To  prepare  strychnin 
crystals  a  strong  solution  of  the  alkaloid  in  dilute  hydrochloric  acid  is  prepared, 
and  evaporated  to  dryness  on  the  water  bath.  The  residue  is  dissolved  in  a  drop 
of  water,  and  a  beaker  rinsed  out  with  ammonia  is  inverted  over  the  watch-glass 
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containing  it.  Crystals  are  generally  to  be  seen  after  a  few  hours.  These  should 
be  covered  with  a  cover-slip  and  examined  under  the  microscope  with  a  low 
power,  when  long  rectangular  prisms  should  be  seen.  If  the  residue  is  impure, 
they  are  difficult  to  obtain. 

To  some  neutral  solution  of  the  alkaloid  a  drop  of  potassium  ferrocyanide 
is  added,  when  a  white  precipitate  of  strychnin  ferrocyanide  is  obtained. 
Brucin  ferrocyanide  is  soluble,  and  this  reaction  is  useful  for  separating  these 
alkaloids. 

The  Quebracho  bark  alkaloids  give  a  somewhat  similar  reaction  to  strychnin 
with  sulphuric  acid  and  potassium  bichromate,  but  the  final  tint  is  either  green 
or  violet.  They  are  much  less  toxic. 

Finally  the  physiological  test  on  a  frog  should  be  carried  out  by  injecting  some 
neutral  solution  into  its  back.  Sometimes  convulsions  do  not  take  place  for  an 
hour,  but  on  striking  the  working  table  they  suddenly  commence. 

If  the  oxidation,  the  chromate,  and  the  ferrocyanide  tests,  and  possibly 
crystals  of  the  base  are  obtained,  together  with  a  marked  bitter  taste  and 
characteristic  action  on  a  frog,  the  evidence  is  fairly  conclusive  of  strychnin 
poisoning. 

Gelsemin.  This  alkaloid  is  rarely  met  with.  Its  presence  is  generally  indi¬ 
cated  by  the  colour  of  gelsemic  acid  or  scopoletin  isolated  in  the  acid  ether  extract. 
It  should  be  noted  that  Gelsemium  elegans,  used  in  China  as  a  poison,  does  not 
contain  gelsemic  acid.  It  occurs  in  the  roots  of  Gelsemium  sempervirens  ;  Scopolia 
japonica ,  Prunus  serotina  and  jalap  also  contain  this  fluorescent  compound.  Gelse¬ 
min  is  associated  with  two  amorphous  alkaloids,  to  which  the  physiological  action 
is  due.  If  some  of  the  residue  is  evaporated  on  the  water  bath  with  a  drop  of 
strong  nitric  acid,  the  initial  brown  colour  turns  a  fine  permanent  green.  The 
oxidation  test  with  sulphuric  acid  and  potassium  bichromate  gives  a  play  of 
colours  from  red  through  purple  to  green.  To  distinguish  gelsemin  from  strych¬ 
nin  make  a  solution  of  0-02  grm.  of  powdered  potassium  permanganate  in  10  c.c. 
of  water,  and  pour  into  this  slowly  16  c.c.  of  strong  sulphuric  acid,  cooling  under 
the  tap.  Drop  a  particle  of  the  residue  into  a  drop  of  this  mixture,  when  a  blue 
colour  will  immediately  develop,  which  turns  a  permanent  cherry  red  if  strych¬ 
nin  is  present.  Gelsemin,  treated  similarly,  turns  cherry  red  immediately,  but 
fades  to  a  colourless  liquid  on  standing. 

Physostigmin.  It  is  extremely  unlikely  that  this  alkaloid  will  be  extracted 
from  viscera,  as  it  is  one  of  the  most  easily  decomposed  alkaloids  known.  The 
investigation  should  be  carried  out  in  a  subdued  light  without  undue  exposure 
to  air  or  ammonia  vapour.  The  extract  should  be  distilled  in  a  vacuum.  Tar¬ 
taric  acid  and  ammonium  carbonate  should  be  used  in  place  of  acetic  acid  and 
sodium  carbonate.  Investigation  will  be  called  for  to  prove  whether  crushed 
Calabar  beans  were  present  in  a  mixture.  The  presence  of  the  alkaloid  is  indi¬ 
cated  by  the  red  colour  imparted  to  the  first  and  second  alkaline,  aqueous 
extracts,  this  being  due  to  rubreserin.  Even  traces  of  alkali,  from  the  glass 
vessels  used,  are  sufficient  to  produce  this  colour. 

A  drop  of  alkali  produces  a  marked  red  colour  with  the  alkaloid  residue.  If 
some  of  the  residue  is  evaporated  with  ammonia  on  the  water  bath,  the  colour 
changes  from  red  to  yellow,  green,  and  finally  to  blue.  The  residue,  dissolved 
in  a  drop  of  alcohol  and  acidified  with  acetic  acid,  gives  a  fine  permanent 
fluorescent  dark  red.  If  some  residue  is  evaporated  on  the  water  bath  with 
a  drop  of  fuming  nitric  acid,  the  addition  of  caustic  soda  solution  produces  a 
fine  violet,  which  is  changed  to  yellow  by  acids  but  restored  again  by  alkalis. 
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The  physiological  action  on  the  eye  of  a  cat  should  be  tried.  This  test  often 
fails  owing  to  the  decomposition  of  the  alkaloid  into  rubreserin. 

Cocaine.  There  is  no  easy  spotting  test  for  cocaine.  It  responds  to  the 
general  alkaloid  precipitants,  but  there  are  no  colour  tests.  The  taste  and 
eye  tests  are  not  sensitive  enough  to  detect  traces,  and  unless  these  are  specially 
looked  for  they  may  be  missed.  Should  cocaine  be  present  a  peppermint  odour 
may  be  noticed  when  carrying  out  Vitali’s  test  for  the  mydriatics,  if  the  residue 
is  warmed  after  the  addition  of  the  alcoholic  potash.  Cocaine  does  not  give 
any  colour  with  this  test,  though  an  orange  tint  due  to  impurities  may  be  noticed. 

Traces  of  cocaine  are  easily  detected  by  Hankin’s  permanganate  test.  A 
portion  of  the  alkaloid  residue  is  dissolved  in  a  drop  of  saturated  potash  alum 
solution.  A  drop  of  2  per  cent  potassium  permanganate  solution  is  spread  out 
on  a  microscope  slide  and  allowed  to  dry.  On  the  crystalline  film  produced 
a  drop  of  alum  solution  of  the  alkaloid  is  placed,  and  a  cover-slip  applied,  care 
being  taken  not  to  rub  it  on  the  film.  After  a  few  minutes  the  slide  is  observed 
under  the  microscope,  when  crystals  of  .cocaine  permanganate  may  be  seen. 
They  appear  as  pink  plates,  nearly  square,  and  are  not  unlike  a  step  pyramid 
viewed  from  above.  Single  crystals  are  nearly  square  in  shape.  Larger 
aggregates  usually  have  right-angled  notches  or  indentations.  The  test  is 
very  delicate,  but  if  the  cocaine  solution  is  too  dilute,  crystals  may  take  some 
time  to  form. 

Another  test  which  gives  good  results.  Add  a  drop  of  a  saturated 
solution  of  potassium  chromate  to  a  solution  of  cocaine,  and  then  two  or  three 
drops  of  concentrated  hydrochloric  acid.  A  yellow  precipitate  indicates  the 
presence  of  cocaine.  Many  alkaloids  give  a  precipitate  in  neutral  solution, 
cocaine  only  after  the  addition  of  hydrochloric  acid. 
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ABDOMEN  ;  Post-mortem  Examination, 
606-7 

Abdominal  Belts,  263 

Tubercle,  in  Hand-fed  Infants,  264 
Abdust,  144 

Ablution  Benches,  63,  123 
Water,  123,  153 
Abor  Arrow-poison,  766,  769 
Abortion;  Poisons  used,  804,  805,  837 
Abrasions,  Tincture  of  Iodine  for,  33,  34 
Abrin,  764,  788 

in  Sui  needles,  764,  815 
Abrns  precatorius,  764,  813,  815 
Abscess(es),  see  each  Form,  under  Name 
Applications  over,  Renewal  of,  258 
Communicating  between  Liver  and  Right 
Lung,  612 
Fly-spread,  432 
Treatment  by  Vaccine,  646 
Absorption  Tests 

Castellani’s,  550,  593 
Complement,  593 

Absorptive  Powers  of  Different  Coloured 
Clothing  Materials  ;  Rubner’s 
Table,  15 

Abyssinian  Tube  Wells,  Norton’s,  98 
Acalyptophis,  716 
Habitat,  692,  717 
Species  :  peronii,  717 
Acanthia  ( =  Cimex),  311 
Acanthophis,  715 
Habitat,  692,  714 
Species  :  antarcticus,  714 
Acarina,  189,  272,  274,  275 
Pathogenicity,  191-2 
Accidental  Poisoning,  770  sqq.,  786,  804 

Tests,  841 

Accidents,  or  Changes,  Nurses’  Record,  245 
Acclimatization,  Racial,  1,  7 
Acetaldehyde  ;  Odour,  820 
Acetates  or  Formates,  Distinction  of,  from 
Opium,  814 
Acetic  Acid  in 

Gastric  Contents  ;  Test,  571 
Staining  Methods,  525,  618,  619,  620 
Test,  for  Albumin,  in  Pathological 
Fluids,  564 

Glacial,  523,  528,  531,  532 
Acetic  Ether  in  Morphin  Extraction,  842 
Acetone,  Absolute,  for  Washing  Thick  Blood 
Films,  531 
Acetonuria,  580 
Test,  583 
Acetylene  Gas,  53 
Acid  Agglutination  Test,  550 
Aniline  Dyes,  524 

Aqueous  Extract  of  Organic  Poisons,  838, 
839,  840 

Examination  for  Morphin,  842 


Acid  Ether  Extract,  in  Tests  for  Organic 
Poisons,  842 

Fuchsin  Stain,  526,  618,  620 
Indol,  603 

Solutions,  Deleterious  to  Surgical  Instru¬ 
ments,  269 

Acidity,  Gastric  ;  Estimation,  571 
Normal  Total,  572 
Test  for,  571 
Acidosis,  Urine  in,  583 
Acids,  as  Decolorizing  Agents,  524 
Ackee  (or  Akee)  Poisoning,  770 
Post-mortem  Findings,  775 
Prophylaxis,  776 
Symptoms,  774 
Treatment,  775 
Acne;  Vaccine  Treatment,  646 
Acocanthera,  Arrow-Poison  from,  767 
Species 

Deflersii,  767,  772 
ouabaio,  767 
Schimperi,  767,  772 
venenata,  767,  772 

Acocantherin  ( see  also  Ouabain),  767,  769, 
772 

Aconite,  as  Arrow-Poison,  765,  766,  769,  770 
in  Criminal  Poisoning,  798 
Tests,  799,  802,  807 
Root,  in  Aphrodisiacs,  805 
Bruised,  as  Poison,  778 
in  Sui  Needles,  815 
Wild,  778 
Aconitin,  773,  850 

Tests  for,  806,  807,  815,  837,  840,  849,  851, 
852,  853 
Varieties,  852-3 
Aconitum,  765 
Species 
ferox,  765 
Fischeri,  766 
japonicum,  766,  773 
lethale,  765,  773 
napellus,  765 
Acrochordinae,  689 
Actinic  Theory,  7 
Actinism,  7,  213 

Actinomyces,  Clubs  in,  Staining  Method 
for,  529 

Actinomycosis,  Grains  from,  Investigation  of, 
589-90 

Actinomycotic  Abscess,  Pus  from,  564 
of  Brain,  614 
of  Liver,  609 
Nodules  in  Lungs,  613 

Adamson’s  Staining  Methods  for  Fungi, 
568,  588 

Adder,  Common,  691 
Venom,  M.L.D.,  743 
Death,  714,  715 
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Adder,  coni. 

Puff,  703,  705 

Addison’s  Disease,  Polycythaemia  in,  539 
Adenium,  Arrow-Poison  from,  767,  768 
Species 

B&hmianum,  768,  772 
coetaneum,  772 
Somalense,  768,  772 
Adenoids,  Indications  of,  251,  264 
Adhesions  to  be  noted  in  Post-mortems 
Abdominal,  606 
Cerebral,  614 
Intestinal,  610 
Pericardial,  612 
Pleural,  612 
Pulmonary,  612,  613 
A.D.O.,  Anti-Fly  Spray-fluid,  207 
Adobe  Tick,  276 

Adrenalin,  in  Cardiac  Failure  of  Snake- 
Bite,  761 

Ads,  79 

Afrangi,  78 
Sudani,  77 

Adults,  Pulse-rate  ;  Normal,  250 
Aedes  ( Ochlerotatus ,  Stegomyia),  357,  358,  362 
Breeding  Places,  185,  340,  341,  407 
Eggs,  333,  334,  339,  340,  357 
Hibernation  in  Egg-stage,  339 
Prophylaxis,  185 
Resting-position,  337 
Species 

Carrying  Filaria  and  Plasmodia, 343, 365 
albopicta ,  339,  364 
annulirostris,  362 
calopus,  362 
dorsalis.  341 
eatoni,  362 

fasciata,  334,  340,  343,  362,  407 

Fertilization  in  relation  to  Blood-feed, 
338 

Haunts,  362,  407 
Larvae,  380 

Preference  for  Man  as  Host,  339 
Vector  of  Yellow  Fever,  342,  •  343, 
388,  362,  407-8 
nemorosus ,  343 
pseudoscutellaris,  343,  365 
pulcritcirsis,  343 
scutellaris,  339,  364,  404 
sergenti,  343 
sollicitans,  341 

Flight-powers,  338 
thomsoni,  362 
variegata,  343,  365 
zammitti,  341 
Aedomyia,  357 
Aetobatis  narinari,  797 
Aerated  Drinks,  26 

Water,  and  Factories,  120,  257 
Aeration  of  Waters,  111,  112 
Aerobic  Culture,  Preparation  of,  518 
Afai,  721 

Africa  ;  Poisonous  Snakes,  691,  701 
Habitat,  692-3 
African 

Atractaspis,  704 

Synopsis  of  Species,  704 
Bitis,  705 


African,  cont. 

Bitis,  cont. 

Synopsis  of  Species,  705 
Dog-tick,  284 
Egg-Eating  Snakes,  689 
Elapinae,  Synopsis  of  Genera,  701 
Native  Races,  Midwifery  among,  267 
Relapsing  Fever,  see  under  Relapsing  Fevers 
Viperidae,  703 
Vipera,  706 

Synopsis  of  Species,  706 
Viperinae,  699 

Synopsis  of  Genera,  703 
Agar,  Reaction  of  Media  containing,  507,  642 
and  Broth,  for  Production  of  Vaccines; 
Relative  Value,  640 
Agar  Culture  Media,  508,  509,  515 
Blood  and  Serum  smeared,  512 
Defibrinated  Blood,  513 
Dieudonne’s  Blood  Alkali,  512 
Glucose,  509 

Buchanan’s  Neutral  Red,  516,  596 
Human  Plasma,  514,  587 
McConkey’s  Bile  Salt  Neutral  Red,  517, 
592,  603 

Nutrient,  Preparation  of,  515,  642 
Semi-solid,  for  Preservation  of  Stock 
Cultures,  512 
Slopes,  for  Culture  of 
B.  anthracis,  598 
M.  melitensis,  595 
Smith’s  Serum  Telluric  Acid,  516 
Agave  am  eric  ana,  85 
Agglutination 
Standard,  549 
Tests,  547 
Acid,  550 

by  Agglutinometer,  550 
Diagnosis  from,  547,  549-50 
Macroscopic,  550 

Agglutinative  Reaction  of  Blood  Groups,  656 
Table,  657 

Agglutinin  Titre  of  Blood ;  Estimation  by 
Agglutinometer,  550 
Agglutinin  Unit,  Standard,  549 
Agglutinins  in  Blood  Serum,  Methods  of 
Estimating,  547  sqq. 

Agglutinometer  of  Garrow  ;  Tests  by,  550,  593 
Agriculture  in  relation  to  Malaria,  390,  391, 
392,  393,  406 
Agulhacreola,  73 
Aglypha,  683,  684,  689 

Poisonous  Saliva  of,  683-4 
Aipysurus,  716,  717 
Habitat,  692 
Species :  australis,  717 

Air,  Contact  Heat  of,  Protective  Clothing 
for,  15 

Cooling  and  Evaporative  powers  of,  in 
reference  to  Ventilation,  62 
Measurement  of,  ib. 

Dry  Hot,  as  Disinfectant,  214,  234 
Fresh,  in  Poisoning  Cases,  270 
Air  and  Light  ;  in  and  under  Houses, 
Floors,  and  Verandas,  36,  46,  47, 
120,  192 

as  Physical  Disinfectants,  213 
Liquid,  257 
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Air,  cont. 

Movement  ( see  also  Ventilation),  Means  of 
Securing,  36,  39,  53,  54,  57 
Night,  Admission  of,  39 
Requirements,  for  European  Houses,  36 
Airing  of  Infants,  259-60 
Aker  Lampong,  Arrow-Poison,  769,  773 
Albumin  Water,  248,  262 
Albumin,  Egg,  for  Fixing  Sections  on  Slides, 
617 

in  Pathological  Fluids  ;  Tests,  564 
in  Urine  ;  Quantitative  Estimation,  580-1 
Tests,  580 

Albuminometer,  Esbach’s,  564,  580 
Albumoses,  22 

Alcohol,  Acid,  for  Cleaning  Pipettes,  542 
in  Ackee  Poisoning,  776 
Avoidance  of,  after  Dysenteries,  266 
Extraction  of  Poisons 
Metallic,  806 
Organic,  837  sqq. 

Fixation  by,  615,  619 
Forbidden  on  March,  18 
Habituation ;  Effects,  26 
Medicinal,  in  HindusandMohammedans,  268 
and  Other  Solutions  for  Preserving  Insects, 
489 

(Poison),  Analytical  group,  800 
in  the  Tropics,  Luxury  or  Medicine,  25,  26 
in  Vegetal  Poisoning,  776,  778 
in  Venom,  738,  745 
Alcoholic  Beverages,  62,  85 
Excess,  8 

Extracts  of  Human  Heart  Muscle  as 
Antigen  for  Wassermann  Test, 
554,  556,  559 
Gentian  Violet  Stain,  520 
Alcoholic  Poisoning 

Acute  ;  Emergency  Treatment,  270 
Chronic,  Leucopenia  in,  542 
Stomach  Mucosa  in,  609 
Tests,  799,  818,  820 
Alcoholism  after  Snake-Bite,  757 
Liver  in,  610 
Predisposing  Causes,  39 
Alcohols  as  Decolorizing  Agents,  524 
Aldehyde  Test  for  Alcohol  Poisoning,  820 
Alderson’s  Cattle  Dip,  192 
Algse,  Aquatic,  96,  99,  340 
Elimination  of,  110 
Alimentary  Canal 

Fly-Larvae  passing  through,  435,  445 
Ulceration  of ;  Treatment,  267 
Alkali,  in  Adjustment  of  Reaction  of  Culture 
Media,  505  sqq. 

Solutions  as  Mordants  for  Stains,  524 
Starch  Culture  Medium  for  Isolation  of  j 
V.  choleras,  517-18 

Alkaline  Blood  Serum  Culture  Medium,  511  i 
Chloroform  Extract  in  Analysis  of  Poisons,  I 
843,  847,  850 

Hypochlorites,  for  Snake-Bite,  759 
Solution,  Amount  necessary  to  make 
a  Litre  of  Culture  Medium 
Neutral  to  Phenol- Phthalein, 
Method  of  Determining,  503 
Method  of  Standardizing,  503-4 
Alkalinity  of  the  Blood,  Estimation  of,  536 


]  Alkalis,  Caustic,  Dialysis  for  Extracting,  800 
Poisonous,  Test  Distinguishing  from  Alka¬ 
loids,  852 

Alkaloid  Poisons,  773,  785 

Atropin  Group,  Tests  for,  852 
Determination  of  Presence,  848 
Extraction  with  Alcohol,  800,  837 
Extracts  containing 
Purification  of,  847 
Tests 

Preliminary,  848 
Systematic,  849 

Mydriatic,  Stas-Otto  Test  for,  813  sqq. 
Naming,  851,  852 
Precipitants  for,  848 
Residue,  Repurification  of,  850 
Allen  &  Hanburys’  Machine  for  Tubing  Anti- 
Variolous  Vaccine  Emulsion,  679 
Trypsin  Solution,  510 
Allergic  Reaction,  648 
Alligator  Pear,  84 
Aloin  Pills,  34 
Alopa  bishopi,  791 

Alum  for  Water  Purification,  32,  34,  113,  114, 
115 

Carmine ;  Counterstain,  619 
Aluminium  Apparatus,  Soda  not  to  be  used 
for  Sterilizing,  269 

Hydroxide  in  Water  Purification,  113,  114 
Alumino-ferric,  in  Isolation  of  B.  typhosus 
from  Water,  603 
Amarantus  gangeticus,  81 
Amaryllidaceaj,  772 
Amaryllin,  772 
Amaryllis  belladonna,  772 
Ambassis,  Larvivorous  Fish,  341 
Amblycephalidae,  685,  689 
Amblyomma,  281,  287 
.  Bites,  283,  287 

Distribution,  287,  289 
Identification,  289,  290 
Pathogenicity,  287,  288,  289 
Species 

americanum ,  288 
cajennense,  288 
hebrseum,  287 

Numerous  Eggs,  283 
variegatum,  288 
Amchur,  84 

America,  Antivenenes  for,  760 
Poisonous  Snakes,  691,  707 
Habitat,  692-3 
South 

Blood-Sucking  Reduviids,  288,  319,  321 
U.S.,  Blood-Sucking  Reduviids,  280,  281, 
284,  285,  286,  288,  289,  321,  322 
Tick-Spread  Diseases,  274 
American  Crotalinse,  Synopsis  of  Genera,  708 
Crotalus ;  Synopsis  of  Species,  712 
Dog-Tick,  284 

Lachesis  ;  Synopsis  of  Species,  709 
Papaw,  84 

Portable  Fumigators  for  Agricultural  Work, 
230 

Rattle  Snakes,  see  Crotalus,  and  Sistrurus 
Sistrurus ;  Synopsis  of  Species,  711-12 
Amiazza  l’asino,  784 
Amino-acids,  Basic,  in  Ground  Nuts,  78 
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Amoebae,  Destroyed  by  Lyster  Bag,  118 
of  Dysentery,  Fly-spread  and  Fly-slain,  428 
Fixing  and  Staining  of,  531 
in  Small  Intestines,  612 
Amoebiasis  (Amoebic  Dysentery),  212 
Abscesses  associated  with 
Hepatic,  609 
Pulmonary,  570,  613 
Disinfection,  212 
Flies  as  Vectors,  428,  432 
Lesions  of,  in  Small  Intestine,  Post-mortem 
Examination,  612 
Leucocytosis,  Mononuclear,  in,  543 
Prophylaxis,  118 
Stools  in,  Mucus  in,  574 
Amoeboid  Movements  of  Leucocytes,  539 
Ammonia,  in  Cocaine  Poisoning,  270 

Poisoning  by  ;  Emergency  Treatment,  269 
Ammonium  Magnesium  Phosphate,  in  Urine, 
584 

Sulphate  Test  for  Globulin,  564 
Sulphide,  for  Haemosiderin  in  Tissue 
Sections,  620 
Urate,  584 

Amorphophcdlus  campanulatus,  772 
Amorphous  Casts,  in  Urine,  586 
Phosphates  in  Urine,  584 
Urates  in  Urine,  584 
Amputation  for  Snake-Bite,  758,  759 
Amyl  Alcohol  in  Morphin  Extraction,  842 
Amyloid  Degeneraton,  Stains  for  Demonstra¬ 
ting,  619 
Disease  of 
Kidney,  608 

Suprarenal  Capsules,  608 
Anacardic  Acid,  843 
Anacardium  occidentale,  82,  844 
Ansemia(s) 

Acute,  from  Haemorrhage,  Transfusion  of 
Blood  for,  661 

Blood  in 

Abnormal  Cells,  538,  539,  545 
Bodies  simulating  Parasites  in,  545,  546 
Coagulation  Time  Diminished,  537  • 

Degeneration  of  Cells,  546 
of  Childhood,  Megaloblasts  in,  539 
Diseases  with  which  Associated,  Sallow 
Colour  with,  605 

Due  to  Bothriocephalus  Infection,  Megalo¬ 
blasts  in,  539 

Infantile,  Plasma  Cells  in,  540 

of  Malarial  Cachexia,  Sallow  Colour  in,  605 

Pernicious 

Basophilic  Erythrocytes,  Degeneration 
in,  546 

Haemofuscin  in,  620 
Haemosiderin  in,  620 
Leucopenia  in,  542 
Liver  in,  Post-mortem,  610 
Megaloblasts  in,  539 
Normoblasts  in,  539 
Urobilin  in  Urine  in,  582 
Post-Malarial,  69 

"Profound,  of  Late  Kala  Azar,  Endothelial 
Cells  in,  540 

Secondary,  Normoblasts  in,  539 

Severe,  Basophilic  Erythrocyte  Degenera¬ 
tion  in,  546 


Anaemia(s),  cont. 

Severe,  Cardiac  Pallor  in,  Post-mortem,  613 
Indication  of,  571 
Microcytes  and  Macrocytes  in,  538 
Polychromatophilia  in,  538 
Shadow  Cells  in,  538 
Urine  in,  Acetone  in,  583 
Splenic,  Leucopenia  in,  542 
Tropical,  4,  6 

Anaerobic  Cultures,  Preparation  of,  518 
Simple  Method,  518-19 
Anal  Scale,  in  Poisonous  Snakes,  685 
Anamirtci  paniculata,  846 
Anaphylaxis,  626,  632 

Detection  of  Persons  susceptible  to,  633 
Mechanism  of,  634 
Passive,  635 

Phenomena,  633,  634,  635 
Precautionary  Measures,  633 
in  Serum  Prophylaxis  for  Tetanus,  626,  628, 
633 

Anaphylatoxin,  634 
Anchar,  773 
Ancistrodon,  698,  699 
Antivenene,  760 

Bites  generallv  Non-Lethal,  697,  699..  721, 
727,  757,  758 
Habitat,  693 
Loreal  Pit  in,  685 
Species 

acutus,  700 
bilineatus,  708 
blomhoffii,  700 
contortrix,  709,  743,  746 
halys,  700 

himalayanus,  700,  721,  727,  757 
hypnale,  700 
piscivorus,  708,  731,  746 
rhodostoma,  700 
Synopses  of  Species 
American,  708 
Asiatic,  700 
Venom,  743 

Antieoagulin,  746 
Dried,  yield,  731 
M.L.D.,  743 

Proteolytic  Ferments,  749 
Ancylostoma  (Ankylostomes),  Development 
of,  141 

Fly-Spread,  431,  432 
Infestation,  177 
Duodenal,  609 

Jejunum  (site  of  election),  611 
Larvae.  Cultivation  of,  Fullerborn’s  Method, 
578 

Ova  in  Stools,  Detection  Method  of  Wrench, 
578 

Species :  duodencile,  Eggs  of,  in  Flies,  431 
Andrade’s  Fuchsin  Indicator,  511,  522 
Andrewes,  Acid  Agglutination  Test  (after), 
550 

Anemonin,  845 
Anemonol,  845 
Angleworms,  446 
Anhalonia  Lewinii,  798 
Aniline  Dyes  for 
Fly-Poisons,  207 
Germicides,  217 
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Aniline  Dyes  for,  coni. 

Staining,  525,  526  passim 
Acid,  524 
Basic,  524 

Gentian  Violet  Stain,  524,  525,  618 
Oil,  as 

Decolorizing  Agent,  524,  618 
Mordant,  524 
Poisoning  ;  Test,  821 
Safranin,  of  Babes,  533 
Xylol,  Decolorizer,  610 
Animal  Food,  68 

Craving  for,  Reasons,  23 
Desire  for,  Lessened  in  Tropics,  5,  22 
Inoculation 

in  Aid  of  Diagnosis,  with 
B.  anthracis,  598 
B.  dysenteric,  596 
B.  pestis,  597 
B.  tetani,  598 

Blood  of  Typhus  Cases,  600 
Meningococcus,  596 
Rabies-suspect  Material,  602 
Trypanosomes,  534,  599 
Vibrio  cholerse,  595 
Animals  employed,  534 

Care  of,  after  Inoculation,  534 
Methods  of  Inoculation,  534 
in  Tests  for  Poisons,  806  et  passim 
Parasites  of  Hair  and  Skin  ;  Investigation, 
588 

and  Ova  in  Urine,  587 

Animals,  see  also  Domestic  Mammals,  and 
under  Names 

Average  Rectal  Temperatures,  534 
Inimical  to  Snakes,  726,  761 
for  Production  of 

Anti-Variolous  Vaccine 
Choice,  666 
Cleansing,  667 
Isolation,  666-7 
Stables  for,  663,  667 
Vaccination,  663,  666,  668 

(a)  Treatment  after,  before  Collection 

of  Vaccine,  671 

( b )  Collection  of  Vaccine,  671 
Sera,.  623,  625 

Symptoms  produced  in,  by  Venoms,  741 
Sublethal  Doses  of  Cobra  and  Daboia 
Venom,  Table,  743 
Water-allowances  for,  110 
Ankylostomiasis,  141 
Blood  in  Stools  in,  574 
Class-Incidence,  179 
Climatology,  141,  177,  179 
Dermatitis  of,  found  Post-mortem,  606 
Disinfection  in,  212 
Eosinophilia  in,  543 
Haemofuscin  Pigment  in,  620 
Hemosiderin  in,  620 
Heart  in,  613 
Kidneys  in,  608 
Liver  in,  610 
QEdema  in,  605 

Post-mortem  Indications,  605,  608,  610,  613 
Prophylaxis  for  Latrines,  165,  177  sqq. 
Severe,  Anaemia  in,  605 
Spleen  in,  607 


Annexes  to  European  Houses,  58 
Anopheles 

Breeding-places,  340-1,  388,  390,  391.  397, 
404,  405,  406 
Characters,  345 
Control,  388,  468-9 
Organization,  389 
Eggs,  333,  334 
Flight-Range,  337 
Hibernation,  339 
Larvae,  325,  335 

Feeding  Habits,  341 
Position  in  Water,  336 
Structure,  335-6 
Legs,  357 

Region  chiefly  Bitten  by,  404 
Resting  Attitude,  337 
Species 

Associated  with  Malaria,  340,  342,  343, 
390,  393,  404 
Range  of,  390 
Work  on,  Needed,  491 
Breeding  in  Salt  Water,  341 
Diagnostic  Characters,  347  sqq. 
Distribution 

Geographical,  in  Regions,  347  sqq. 
Australian,  354-5 
Ethiopian,  350-2 
Nearctic,  346,  348 
Neotropical,  348-50 
Oriental,  347,  352 
Physiographical,  390 
Zones  of 
Coastal 

Flat  Land,  390,  392 

Hills,  390,  393 
Inland 

Hills,  390,  404 

Plains  and  Plateaux,  390,  404 
Rice  Fields  and  Irrigation  Areas, 
390 

Rivers,  Lakes,  Lagoons,  and 
Wells,  390 
Tidal  Land,  390 
Filaria- Bearing,  343 
Light-Loving,  393,  399,  401,  404 
Names  of 

aiikeni,  337,  340,  352,  355,  393 
albimanus ,  343,  349, 

Flight -Range  of,  338 
var.  tarsimaculatus,  356 
albirostris,  355,  404 
alboteeniatus,  353 
algeriensis,  342,  347 
annandalei,  346,  352  n.  2 
annulipalpis,  349 
annulipes,  355 

(So-called),  Infectible  with  Malaria, 
343 

True,  343 
var.  master  si,  355 
antennatus,  347 
apicimacula,  349 
arabiensis,  355 
ardensis,  351 
argenteolobatus,  350 
argyrotarsis ,  342,  350  db  n. 
asiaticus,  352  &  n.  2 
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Anopheles,  coni. 

Species,  cont. 

Names  of,  cont. 
atratipes,  355 
atropos,  348 
aureosquamiger,  350 
aurirostris,  353 
austeni,  352 
bancrofti,  355 
barberi,  341,  346,  348 
barbirostris ,  340,  342,  353 
vel  sinensis,  355 
var.  bancrofti,  355 
bellator,  349 

bifurcatus,  339,  340,  343,  347 
bigoti,  355 
boliviensis,  348 
braziliensis,  350  n. 
brevipalpis,  352 
brunnipes,  350 
chaudoyei,  355 
Christopher  si,  355 
christyi,  350 
cinctus,  350 
cinereus,  351 
corethroides,  355 
costalis,  340,  342,  343,  351,  355 
var.  melas,  352 
crucians,  343,  348 
cruzi,  349,  355 

culicifacies,  337,  339,  340,  347,  353, 
356 

culiciformis,  346,  352 
distinctus,  352 
clomicolus,  351 
eiseni,  348,  393 
elegans,  355 
furjardi,  333,  337,  348 
febrifer,  355 
flava,  352  n.  i 
flavicosta,  351 
formossensis.  355 
formosus,  355 
fowleri,  342,  354 
fragilis,  355 
franciscanus,  355 
fuliginosus,  340,  342,  354,  355 
var.  nivipes,  356 
funestus ,  342,  351,  355 
var.  listoni,  342,  353,  355 
gigas,  352 

var.  formosus,  355 
gilesi,  348 
grabhami,  348 
gracilis,  354 
halli,  355 
hispaniola,  355 
hunteri,  343,  353 
hylephilus,  349 
immaculatus,  352 
implexus,  350 
indefinatus,  355 
.  indiensis,  355 

intermedius,  343,  349 
jacobi,  350 
jamesi,  354,  355 
jesoensis ,  355 
jeyporensis,  353 


Anopheles ,  cont. 

Species,  con£. 

Names  of,  con2. 
kciwari,  343,  354 
kochi,  343,  353,  355 
leucosphyrus,  340,  354,  355 
lindesayi,  353 
listoni,  355 
longipalpis,  351 
ludlowi,  342,  354,  390,  391 
lukisi,  347 
Zwfei,  349,  355 

maculatus,  340,  342,  354,  356,  399 
Light-Loving,  393,  399,  401,  404 
maculipalpis ,  343,  349,  350,  354,  355 
maculipennis,  333,  335,  336,  342,  347 
malefactor,  343,  355 
marshalli,  351,  352 
mastersi,  355 
mattogrossensis,  348 
mauritianus,  342,  347,  352,  356 
medio punctatus,  343,  349 
minimus,  342,  353,  355 
var.  aconitus,  355 
myzomyfacies,  356 
natalensis,  351 
neivai,  349 
nigerrimus,  355 
nigrifasciatus,  355 
nigripes,  356 
nigritarsis,  349 
nili,  351 

nimbus,  337,  348 
nivipes,  356 
novumbrosus,  354 
nursei,  356 
occidentalis,  348 
palestinensis,  356 
pallidopalpi,  351 
paludis,  356 
parangensis,  354 
parvus,  349 
perplexens,  356 
peryassui,  349 
pharoensis,  343,  347,  350 
philip pinensis,  354 
pictipennis,  350,  357 
pitchfordi,  351 

plumbeus,  333,  339,  340-1,  343,  346 
347,  352,  356 
pretoriensis,  350 
pseudobarbirostris,  353 
pseudomaculipes,  349 
pseudopictus ,  356 
pseudo punctipennis ,  348,  355 
pulcherrimus,  347 
punctimacula,  343,  349,  355 
punctipennis,  342,  348,  356 
punctulatus,  343,  355,  356 
quadrimaculatus,  342,  348 
rhodesiensis,  351,  353 
rossi,  340,  342,  343,  353 
var.  vagus,  355 
var.  vagus  ( indefinatus ),  353 
rufipes,  350 
schuffneri,  354 
sergenti,  356 
similis,  354 
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Anopheles,  cont. 

Species,  cont. 

Names  of,  cont. 

sinensis  (vel  barbirostris),  340,  342, 
347,  353,  355 
var.  pseudopictus,  35G 
var.  vanus,  355,  356 
smithi,  352 
squamosus,  347,  350 
stephensi ,  340,  342,  347,  354,  405 
stigmaticus,  355 
strigimacula,  349 
superpictus,  342,  347,  353,  350 
tarsimaculatus,  356 
tesselatus,  354,  356 
theileri,  351 
theobaldi,  343,  354 
thorntoni ,  356 
transvaalcnsis,  351 

turkhudi,  333,  341,  342,  347,  353,  355, 
356 

umbrosus,  340,  342,  352,  353,  391,  393, 
401,  404 

Mass  attacks  by,  409 
vanus,  356 
vestitipennis,  349 
walkeri,  348 
watsoni,  354 
wellcomi,  351 
wellingtonianus,  352 
willmori,  342,  356 
Night-Biting,  17 

Nomenclature,  Correct,  and  Synonyms, 
355-6 

Pathogenic,  Breeding-Places,  390,  391, 
393 

Anophelini,  344 
Characters,  344-5 
Classification,  344 
Christophers’,  346 

Correct  Names  and  Synonyms,  355-6 
Genera,  345 
Groups,  345-6 

Species  associated  with  Malaria  :  Distribu¬ 
tion,  342-3 
Structure 
External 

Legs,  330,  345,  357 
Palpi,  328,  345 
Proboscis,  345 
Scales,  331,  345 
Scutellum,  328 
Thorax,  345 
Wings,  345 
Internal 

Alimentary  Canal,  331-2 
Malpighian  Tubules,  332 
Respiratory  System,  333 
Reproductive  Organs,  333 

in  relation  to  Classification,  346 
Salivary  Organs,  333 
Synonymy  in,  355-6 
Anoplura,  273,  291,  494 

Collection  and  Preservation,  494 
Ant-Heap  Earth  and  Cow-dung  Flooring,  191 
Ant-Hills  as  Urinal  Soak-aways,  152 
Ant-Holes,  194 
Ant-Lions,  273 


Ant- Routes  into  Houses,  192 
Ant-Traps,  89,  268 

Anterior  Fontanelle,  Delayed  closing,  264 
Anthelmintics  of  Phloroglucin  Class,  Extrac¬ 
tion  of,  844 
Anthomyidae,  274 
Structure,  445 

Anthraquinone  Derivatives ;  Extraction,  844 
Anthrax  ;  Diagnosis,  598 
Fly-Spread,  432 
Sera  for,  623 
Sclavo’s,  632 
Spores  ;  Isolation,  598 
Treatment  by  Serotherapy,  632 
Anti-Abrin  Precipitin  Serum,  815 
Anti-Ankylostome  Privies,  177,  178,  179 
Antiarin,  773 

Antiaris  toxicaria,  Arrow-Poison  from,  769, 
773 

Antibacterial  Sera 
Action  of,  624 

Diseases  in  which  Employed,  623,  626,  630 
Production,  625 
Anti-Cholera  Vaccine,  646 
Preparation,  637 
Anticoagulin,  in 

Saliva  of  certain  Blood-Sucking  Muscidte, 
450,  451 
Venoms,  738,  746 
Anti-Diphtheritic  Serum,  623 
Dosage,  628 

for  Non-Diphtheritic  Septic  Throat,  624 
Preparation,  625 
Schick  Test,  629 

Anti-Dysentery  Sero-Vaccine,  Gibson’s,  630 
Serum,  625 

Production  and  Dosage,  629-30 
Vaccines,  646,  649 
Preparation,  637  sqq. 

Anti-Fly  Measures,  see  Flies,  Prophylactic 
and  Destructive  Measures 
Antigens,  554,  556 
Artificial,  556 

Anti- Hay  Fever  Vaccine,  650 
Anti-Influenza  Vaccine,  646 
Anti-Leech  Powder,  190 

Anti-Malarial  Methods,  see  Control  of  Mos¬ 
quitoes,  and  Oiling 
Antimony,  as  Antivenene,  727,  728 

Poisoning ;  Emergency  Treatment,  270 
Oligocythaemia  in,  539 
Post-mortem  Appearance  of  Liver  in,  610 
Reinsch  Test  for,  808,  810,  831 
Systematic  Analysis  for,  822, 827,  829,  831 
Test  to  Distinguish  from  Bismuth,  831 
Tartarate  Ointment,  256 
Anti-Mosquito  Work,  Records  of,  389-90 
Anti-Paratyphoid  Vaccines,  646 
Preparation  of,  637 
Anti -Phlebotomus  Methods,  194-5 
Anti-Plague  Vaccine,  646,  648 
Anti-Pneumococcal  Sera,  625 
Vaccine,  646 

Antipyrin,  Leucocytosis  induced  by,  543 
Anti-Scorbutic  Properties  of  Native  Beers,  85 
Anti- Scorbutics  for  Infants  in  Tropics,  24 
Lemon-Juice,  24,  84 
Antiseptics,  34,  212 
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Anti-Splasher  for  Latrines,  178,  181 
Anti-Sprue  Vaccine,  649 
Anti -Stegomyia  Campaigns,  408 
Anti-Tetanic  Serum 

Diseases  in  which  Employed,  623,  626,  627 
Dosage,  628 

Modes  of  Administration,  627-8 
for  Poisoned  Arrow  Wounds,  770 
Preparation,  625 
Prophylactic  Use,  623,  627 
Antitoxic  and  Antibacterial  Sera 

Diseases  in  which  used,  623,  625,  629  sqq. 
Antitoxic  Sera  ;  Action,  624 

Diseases  in  which  used,  623,  625,  626 
Injection  ;  Leucocytosis  after,  543 
Keeping  Qualities,  625,  626 
Preparation,  625 
Antitoxins,  623 

Anti-Typhoid  Vaccine,  633,  635,  645,  646,  647 
Dosage,  640 
Preparation,  637 
Two  Distinct  Actions  of,  647 
Anti-Undulant  Fever  Vaccine,  646 
Anti-Variolous  Vaccine  Establishment,  An,  in 
the  Tropics,  662  sqq. 

Animals  for  Vaccination 
Choice,  666 
Cleansing,  667 
Isolation,  666-7 

Stables  for,  663,  667 

Treatment,  between  Vaccination  and 
Collection  of  Vaccine,  671 
Vaccination  of,  663,  666,  668 
Stables  for,  663,  671 
Buildings  for,  and  Fittings  of,  663-6 
Ventilation,  667 

Collection  of  Vesicular  Material,  671  sqq. 
Emulsion 

Bacterial  Examination  of,  675 
Tests  for  Potency,  676,  681 
Tubing,  676 
Issue  of  Vaccines,  679 
Preparation  of  Vaccines 
Dried,  681 

Glycerinated,  673,  674 
Lanolinated,  682 
Seed,  682 

Production  of  Vaccines 
Difficulties  in,  662 
Optimum  Temperature  for,  663 
Protection  of  Operator,  663 
Records  of  Vaccination,  680 
Vaccination  Methods,  679 
Antivenenes,  741,  750 
Absorption  Period,  752 
Administration,  751,  760 
Antivenomous  Principle  in,  Nature  of,  750 
Carrying  on  Person,  761 
Concentration,  731,  756,  760 
Delay  Possible  in  Administering,  752,  753 
Dose  Necessary  to  Save  Life,  753 
after  Daboia  Bites,  755 
-Fixation  by,  of  Venom 
Rate  of,  751 
in  Tissues,  752 
Fixation  Period,  752 

Incomplete  or  Reversible  Mass  Action, 
753 


Antivenenes,  coni. 

Nature,  753 
Preparation,  751 
Snake  Charmers’,  727,  728 
Specificity,  750,  760 
Standardization,  751 
Strength,  731,  756,  760 
for  Various  Regions,  760 
and  Venom,  Reaction  between,  Nature  of, 
751 

Antivenomous  Principle  in  Antivenene, 
Nature  of,  750 

Antivenomous  Sera,  see  Antivenenes 
Ants,  Bites,  Exclusion,  Destruction,  &c.,  33, 
189,  192,  273 

Destructive  of  Fly-Maggots,  211 
Enemies  of  Fleas,  486 
Food-Protection  from,  33,  35,  89 
Mosquitoes  Feeding  from,  339 
Nests,  Destruction  of,  192,  193 
Pathogenicity  (actual  and  possible),  33, 
192,  273 

White,  see  Termites 
Anus,  Imperforate,  259 

Aphasnogaster  barbara,  Nests  of,  to  Destroy, 
193 

Aphaniptera,  474 
Aphidae,  309 
Secretions,  310 

Aphrodisiacs,  Poisoning  by,  801,  805 
Paste  Form,  Tests  for,  807 
Apocynaceae,  Arrow-Poisons  from,  767,  772 
Poisonous  Species,  784,  785 
Apogon,  380 
Apomorphin  in 

Acute  Alcohol  Poisoning,  270 
lllicium  religiosum  Poisoning,  779 
Apomorphin  Reaction  for  Morphin  Residue, 
849,  850 
Aponomma ,  281 

Apothecary’s  Weights  and  Measures,  254 
Appendicitis,  Possibly  due  to  Fannia  Larvae, 
446 

Appendix,  Adhesions  in  region  of,  606,  611 
Appetite,  Effect  on,  of  Climate,  5,  22,  25 
Nurse’s  Record  of,  244 
Aprion  virescens ,  74 
Aptera,  273 
Apterite,  192 
Aqua  Privy,  181 

Aquatic  Animals,  Enemies  of  Mosquitoes,  341 
Bugs,  309,  323,  341 
Growths,  340 

Water  Pollution  by,  101,  109 
Arab  Houses,  Shape,  38-9 
Araceae,  766 

Arrow-poison  from,  772 
Arachis  hijpogea ,  78 
Arachnida  271,  275 

Arachnidse  incerte  sedis  (Pentastomida),  272 
Arachnoid  Fluid ;  Bacteriological  Examina¬ 
tion,  614 

Aradidae,  311,  322 
Arahar,  77 
Araneida,  271 

Arc-Light  Method  (Dreyer’s),  for  Isolating 
Typhoid-Paratyphoid  Organisms 
from  Faeces,  576 


GENERAL  INDEX 


Archibald’s  Method  for  Staining 
Malarial  Parasites,  529-30 
Spironemata  in  Blood.  529-30 
Area  of  Surface  of  Medium,  Vaccine  Standard¬ 
ization  by,  645-6 
Argas,  276,  289 

Relation  to  Man,  275,  276,  277,  278 
Species 

brumpti,  278,  289 
marginatus,  277 
miniatus,  276 
jiersicus ,  276,  289 
Haunts,  275 

Pathogenicity,  191,  277,  288 
Prophylaxis,  277 
reflexus,  275,  276,  289 
Argasidse,  274,  276 
Identification,  289 
ArimarU,  768,  773 
Arisxma  Poisoning,  766 
Aristolochia  as  Antivenene,  727 
Army  Fly  Spray,  207 
Arneth  Index,  543 

Effect  on,  of  Climate,  4 
Arrack,  85 

Arribalzagia  (Anophelini),  346 
Arrow-Poisoning 

Poisons  used  :  Sources,  767  sqq. 

Table,  772-3 
Symptoms,  769 
Treatment,  770 

Arrow-Poisons,  763,  765,  766,  767,  837,  772-3 
Arrowroot  in 
Infant  Diet,  262 
Invalid  Diet,  249 
Whey,  249 

Arsenate  of  Soda,  for  Ant-destruction,  193 
Arsenic  ;  Analytical  Group,  800 
as  Antivenene,  727,  728 
Artificial  Sulphides  of,  808 
Black,  as  Fly-Poison,  209 
in  Cattle-Poisoning,  804,  805 
in  Chemicals  or  Drugs,  808,  834,  836 
Testing  for,  832,  837 
Common  use  of,  as  Poison,  798 
Conversion  into  Arsenite  for  Marsh  Test,  831 
Poisoning 

Emergency  Treatment,  270 
Leucopenia  in,  542 
Liver  in,  610 
Oligocythsemia  in,  539 
Post-mortem  appearances,  and  Methods 
for  Detection  of  ( see  also  Tests, 
beloiv),  610,  802,  803,  804,  816, 
822,  828,  829 
in  Precipitate,  826 
Tests  for,  828,  829 
if  Alone,  828 
Stomach  Colour  in,  804 
Systematic  Analysis  for,  822 
Tests  for 

Limit  Test,  by  Gutzeit  Test,  832 
Marsh’s,  802,  811,  826,  829,  831,  832, 

833 

Preparation  of  Solution  for,  829,  831 
Reinsch’s,  802,  804,  808,  809,  810,  811, 
815,  829 

When  in  Pentavalent  Condition,  825  ! 


Arsenic,  coni. 

Poisoning,  coni. 

Tests,  cont. 

for  Separation  from  Other  Metals,  832 
Sublimation,  806 
Vehicles,  804,  805,  815 
Solution,  Anti-Termite,  192 
Sulphide,  in  cases  of  Poisoning,  804 
Methods  of  Dissolving,  828-9 
Trichloride,  Volatile,  823 
in  Trivalent  condition,  823 
in  Urine,  Special  Methods  for  Detecting, 832 
and  Faeces,  Tests  for,  811 
Yellow  and  Red,  803,  805,  807,  811 
Tests  for,  808 

Arsenic-free  Hydrochloric  Acid,  Preparation 
of,  808 

Arsenical  Preparations,  Anti-Termite,  for 
Wood,  192 

Arsenious  Sulphide,  &c.,  Basic  Method  for 
Oxidizing,  832 

Arsenite  of  Soda,  for  Fly-Destruction,  &c. 
133,  144,  192,  197,  199,  207 
with  Sodium  Fluoride  as  Fly-Poison,  434 
Arsin,  833 

Absorption,  834,  835 
Arsin-free  Hydrogen,  826 
Preparation,  836 
Artesian  Wells,  97 
Pollution,  99 

Arthritis,  Dysenteric;  Treatment  by  Typhoid 
Vaccine,  647 

Gonorrhoeal ;  Treatment  by  Typhoid  Vac¬ 
cine,  647 
Arthropoda,  189,  271 

Artificial  Air  Currents,  Anti- Phlebotomus,  373 
Feeding  of  European  Infants  in  the 
Tropics,  23 
Respiration  in 

Poisoning  Cases,  270 
Snake-Bite,  758,  759,  761 
Artocarpus  incisa,  77 
Arum  maculatum,  766 
Asafoetida,  206 

Asbestos  Slates  for  Roofing,  42 
Ascaris  Infestation  of 
Bile-Ducts,  610 
Duodenum,  609 

Species:  lumbricoides,  Fly-spread,  431 
Spread  by  Non-Bloodsucking  Flies,  432 
Ascitic  Fluid;  Fildes’  Sterilizing  Method,  511 
Asclepiadacese,  772 

Ascoli’s  Precipitin  Reaction  for  B.  anthracis, 
598 

Ashworth’s  Method  of  Dissection  and  Preser¬ 
vation  of  Mosquito  Mid-gut,  491-2 

Asia 

Poisonous  Snakes,  691,  694 
Habitat,  692-3 
Lethality,  691,  699 
Asiatic  Bungarus,  695 
Colubridse,  694 
Crotalime,  699 

Elapinae,  Synopsis  of  Genera,  694 
Hvdrophinae,  715,  716,  717 
Habitat,  692 

Lachesis,  Synopsis  of  Species,  700 
Naia,  695 
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Asiatic,  cont. 

Viperidae,  694 

Synopsis  of  Genera,  697 
Viperinae,  698 
Asilidae,  418 
Asimina  triloba,  84 
Asp  of  Cleopatra,  725 
Aspect  for  European  Houses,  36,  38 
Aspergillus  in 

Canned  Foods,  91 
Sputum,  570 

niger ,  in  Ear-Discharge,  569 
Asphalt  for  Damp-Proof  Course,  40 
Aspidelaps,  701,  703 
Habitat,  692 
Species 

lubricus,  703 
scutatus,  703 

Assafoetida- Vinegar  Solution,  Fly-Repellant, 
206 

Asses’  Bane,  784 
Milk,  69 

Analysis,  71 
Composition,  260 
Dilution,  261 
in  Tuberculosis,  248 
Assolar  Fabric,  15 
Asthma,  Sputum  of,  251 
Crystals  in,  570 
Treatment  by  Vaccine,  646 
Bronchial,  Eosinophilia  in,  543 
Asthmatic  Attacks,  in  relation  to  Anaphy¬ 
laxis,  633 
Astigmata,  272 

Families  attacking  Man,  272 
Asylum  Disinfection  ;  India,  220 
Atlas  Preservative,  192 
Athens,  704,  707 
Habitat,  693 
Species 

ceratophorus,  707 
ehlorechis,  707 
squamiger,  707 

Atma  and  Chita,  in  the  Vedas,  725 
Atractaspis,  703,  704 
Habitat,  693,  704 
Species 

aterrima,  705 
bibronii,  705 
corpulenta,  705 
dahomeyensis,  704 
hildebrandtii,  704 
irregularis,  705 
leucomelas,  705 
microlepidota,  705 
micropholis,  705 
rostrata,  705 
Atrichopogon,  380 
Atrophy,  Yellow,  Acute,  of  Liver 

Leucocytosis,  Polymorphonuclear,  in,  543 
Urine  in,  584 

Atropin  for  Treatment  of  Poisoning  by 
.  Calabar  Bean,  787 
Fungi,  270 
Opium,  270 
Melting-Point,  582 
Tests  for,  851,  852 

Stas-Otto  Process,  837 


Atropin  Group  of  Alkaloids,  Identification  of 
Actual  Member  present,  852 
Aubergine  Seeds,  812 
Auchmeromyia  luteola 
Larval  Habits,  447 
Classification  by,  435 
Aural  Bacteria,  569 
Fungus,  569 

Myiases,  436,  440,  441,  569,  588 
Australia 
Aedes,  365 
Anopheles,  354 
Antivenenes  for,  760 
Black  Snake  ;  Venom,  741 
Culex,  361 

Elapinae,  Synopsis  of  Genera,  714 
Hydrophinae,  717 
Poisonous  Snakes,  691,  714,  741 
Habitat,  69 
Lethality,  714 
Australian  Rat  Flea,  481 
Autoclave,  502,  640 
Autogenous  Vaccines,  591,  635 
Preparation,  636 

Auto-Inoculation  with  Anti- Variolous  Vaccine 
Virus  by  Scratching,  680 
Autolysis  of  Bacteria  in  Broth  Culture,  641, 
643 

Auto-Serum  Treatment,  632 
Auto-Suggestion,  in  Tropical  Therapeutics, 
268 

Avocado  or  Alligator  Pears,  84 
Axillae,  Shaving  of,  15,  19 
Axonopus  cornpressus,  59 
Axungia  viperinae,  740 
Azemiops ,  697,  698 
Habitat,  693 
Species :  feas,  698 
Azolitmin,  522 

Indicator  Paper,  503 
Azur  II,  in  Giemsa’s  Stain,  530 
Azur  II-Eosin  in  Giemsa’s  Stain,  530 
Azure  Granules  in 

Large  Mononuclear  Leucocytes,  540 
Small  Lymphocytes,  539 


BABASSU  PALM,  81 

Baber’s  Method  for  Dealing  with  Horse 
Manure,  198 
Babo’s  Funnel,  818 

Bacillary  Dysentery,  see  under  Dysentery 
Bacillus(i) 

Acid-fast,  Stains  for,  526-7 
Alcohol-fast,  Staining  of,  527 
Anaerobic,  Culture  Media  for,  508,  509 
Enterica-Dysenteriae  Group,  Culture  Me¬ 
dia  for  Differentiating,  516-17 
Enterica  Group,  Agglutination  Test  for, 
547  sqq. 

Found  in  Tinned  Foods,  91 
Stains  Differentiating  from  Spores,  526 
Typhoid  Group,  Culture  Media,  516,  517 
A.  Ledingham,  429 
acidi  lactici,  Fly-harbouring,  430 
serogenes  capsulatus,  Fly-harbouring,  430 
xr  try  eke,  Differentiation  by  Castellani’s 
Absorption  Test,  551 
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Bacillus(i),  cont. 

alkalescens,  Acid  Agglutination  Test  for 
Differentiating,  550 

ambiguus,  Acid  Agglutination  Test  for 
Differentiating,  550 
anthracis,  Isolation,  &c.,  of,  598 
cloacae, ,  in  Fly-Faeces,  &c.,  430 
coli,  B.  tetani  in  Combination  with  : 
Fatality,  627 

Culture  Media  for,  513,  517 
Flies  Conveying,  430 
in  Faeces,  Differentiation  of,  576 
in  Glycerinated  Anti-Variolous  Vaccine, 
Cultures  for,  675 

Infection,  as  affecting  Bladder,  Kidneys, 
and  Ureters,  608 

from  Pleural  Fluids,  Cultivation,  565 
in  Standardization  of  Vaccines,  643 
in  Urine,  587 

as  Used  in  making  Sugar-Free  Culture 
Medium,  508 
Vaccine  ;  Dosage,  622 
coli  anaerogenes,  on  Flies,  430 
coli  communior,  Fly  Harbouring,  430 
coli  communis ,  Fly  Harbouring,  430 
coli  mutabilis,  Fly  Harbouring,  430 
coli  Group_ 

Organisms  of,  from  the  Eye,  569 

Presence  of,  in  Water  ;  Bacteriological 
Detection,  603 

colisimile,  Flies  Conveying,  430 
cuniculicida,  on  Flies,  430 
diphtherias,  Action  on,  of  Direct  Sunlight, 
213 

Culture  Media  for,  511,  513,  518,  596 
for  Differentiating  from  Hofmann’s 
Bacillus,  516 
Exotoxin  of,  623 
from  Eye,  569 
Fly-Conveyed,  429 
Inoculation  Results,  596 
Isolation,  &c.,  595-6 
in  Nasal  Diphtheria,  568 
in  Pathological  Fluids,  568 
Stains  for,  527,  528,  569,  595 
dispar,  Acid  Agglutination  Test  for  Dif¬ 
ferentiation,  550 
dysenteries ,  112,  118,  128 
Agglutination  of,  593 
Culture  Media  for,  513,  517,  593,  594 
Fly- Conveyed,  429 

Inagglutinable  Strains  ;  Subculturing, 
593 

Isolation,  593 

Post-mortem,  611 

Macroscopic  Agglutination  not  shown 
by,  550 

Shiga,  Exotoxin  of,  623 

Sero-Vaccine  of,  Preparation,  Dosage, 
and  Administration,  637-9,  649 
dysenteries  Group,  Organisms  of 

Castellani’s  Absorption  Test  for,  551 
El  Tor  Group,  593 
Characters,  594 
Serum  Agglutination,  594 
Flexner-type,  593 
Characters,  594 
Serum  Agglutination,  594 


Bacillus(i),  cont. 

dysenteries,  Group,  Organisms  of,  cont. 
Shiga-type,  593 
Characters,  594 
Serum  Agglutination,  594 
of  Enterica  Group  as  Employed  in 
Agglutination  Tests,  547  sqq. 
enteritidis 

Differentiation  by  Castellani’s  Absorp¬ 
tion  Test,  593 
on  Flies,  430 

enteritidis  sporogenes  in  Water  ;  Detection 
of,  603 

fecalis  alkaligenes,  in  House-fly  Faeces,  430 
fluorescens  liquefaciens,  Flies  Conveying,  429 
nonliquefaciens,  Flies  Conveying,  430 
Fusiform,  Oral,  19 

in  Vincent’s  Angina,  Stain  for,  568 
gasoformans  nonliquefaciens,  Fly  Harbour¬ 
ing,  430 

griinthal,  Fly  Harbouring,  430 
Hofmann’s,  Culture  Medium  for  Differen¬ 
tiating  from  B.  diphtherias,  516 
in  Tonsillitis,  568 

influenzas  (Pfeiffer’s  Bacillus),  Culture  Media 
for,  512,  570,  575,  641,  642 
Isolation  from 

Pathological  Fluids,  565 
Sputum,  570 
Not  good  Antigen,  632 
of  Kochs- Weeks,  from  Eye  Lesions,  Cul¬ 
tivation  and  Staining,  569 
Fly  Suspect  as  Carrier,  431 
Icictis  asrogenes,  on  Flies,  430 
lepras.  Fly  Carrier  Suspect,  431 
in  Nasal  Secretion,  568 
Investigation  of,  591 
in  Spleen,  in  Nodular  Leprosy,  607 
Stains  for,  526,  527,  591 
mallei,  Fly  Carriage  Suspected,  431 
mesentericus,  663,  675 

Morax-Axenfeld,  from  Eye  ;  Cultivation 
and  Staining,  569 
Morgan’s,  Fly  Conveying,  429 
neapolitanus,  on  Flies,  430 
oxytocus  perniciosus,  in  House-Fly  Fseces, 
430 

paracoli,  Fly  Harbouring,  430 
paratyphosus,  Culture  Media,  554,  576,  592 
A  and  B 

Agglutination  of,  593 

Dreyer’s  Technique  for,  576 
Differentiation  of,  and  from  B.  enteri - 
tidis,  593 

Fly  Harbouring,  430 
Isolation,  &c.,  576,  592-3 
Preservation  in  Glycerin,  577 
pestis  ;  Blood  Culture,  596 
Fatal  to  House-Flies,  430 
in  Lung  Exudate  in  Pneumonic  Plague, 
613 

Not  good  Antigen,  632 

Rat  Fleas  which  Transmit,  481,  482,  485 

in  Sputum,  570 

pfeifferi,  see  B.  influenzas,  above 
prodigiosus,  100 

Flies  Conveying,  429 
proteus  mirabilis,  Fly  Conveying,  430 
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Bacillus(i),  coni. 

proteus  vulgaris,  Flies  Conveying,  430 
proteus  X19,  from  Urine,  in  Typhus,  600 
proteus  zenkeri ,  Flies  Conveying,  430 
pyocyaneus ,  from  Ear,  569 
Fly  Conveying,  429 
radiciformis,  Flies  Conveying,  430 
ruber  kielensis,  Flies  Conveying,  429 
schafferi,  Fly  Harbouring,  430 
septicus  agrigenus.  Fly- Conveyed,  429 
similcarbonchio,  Flies  Conveying,  430 
smegmas,  Staining  Methods,  Differentiating 
from  B.  tuberculosis,  527 
suipestifer,  on  Flies,  430 
subtilis  mesentericus  Group,  91 
tetani,  in  Arrow- Poisons,  767 

Broth  Cultures  of,  for  Vaccines,  640 
Combination  of,  with  B.  coli.  Fatality 
of,  627 

Conditions  favouring,  and  long  Viability 
of,  627 

Exotoxin  of,  623 
Isolation,  &c.,  598 
Stain  for,  598 

in  Vaccine;  Detection  in  Cutaneous  Vac¬ 
cination,  680 

tifosimile,  Flies  Conveying,  430 
tuberculosis 
Action  on,  of 

Direct  Sunlight,  213 
Formalin,  218 
in  Brain,  614 

Culture  Media,  508,  514,  520,  527,  570 
Danger  Zone,  62 
Fly  Conveying,  429 
in  Lungs,  613 

Opsonic  Index,  Determination  for,  552-3 
in  Pleural  Fluid,  565 
in  Skin  Lesions,  Examination  for,  591 
in  Sputum,  570 

Sedimentation,  570 

Staining  Methods,  520,  526,  527,  529,  570 
in  Urine,  527 

typhosus,  Action  on,  of  Slaked  Lime,  219 
in  Aerated  Water,  121 
Agglutination  Tests,  592 

Dreyer’s  Technique  for,  576 
Ant-borne,  192 
as  Antigen,  648,  649 

in  Blood,  Faeces,  Urine,  and  Water,  150, 
587,  592,  603 

Culture  Media,  508,  509,  517,  565,  592 
Cultures  on  Broth  and  Agar  compared, 
641 

Distinct  Races  of,  646 
from  Ear,  569 

Ehrlich’s  Diazo  Reaction  for,  592 
Emulsion,  Standardization  of,  by  Area 
of  Surface  of  Medium,  645-6 
Endotoxin  of,  623 
Fly  Conveying,  429 
Isolation  Methods,  587,  592,  603 
Killed  by  Lyster  Bag,  117 
Not  Killed  by  Burning  Hay,  214 
Preservation  of,  in  Glycerin,  577 
from  Raw  Vegetables,  81 
Stains,  527,  603 
from  Urine,  150  592 


Bacillus(i) ,  coni, 
typhosus,  coni. 

Vaccine,  Preparation  of,  637 

Single-strain,  used  in  British  Army 
during  War,  635,  647 
in  Water,  118 
vesiculosus,  on  Flies,  430 
xerosis,  from  the  Eye,  569 
on  Flies,  430 
Bacilluric  Carriers,  149 
Urine,  149,  150 

Bactersemia,  suspected  with  Pyrexia,  Blood 
Cultures  for  Diagnosis,  553 
Bacteria,  Acid-forming,  Oral,  Means  of 
Counteracting,  20 
Action  on,  of 

Daylight,  Diffuse,  213 
Sunlight,  Direct,  213 
in  Aerated  Waters,  121 
Autolysis,  641,  643 
Capsules  in,  Stain  to  show,  526 
Composition  of,  Thomson  and  Vaughan’s 
Theory  on,  642 

Fermentative  Action  of,  on  Sugars,  Solu¬ 
tion  for  Testing,  511 
Fly- Transmission  of,  428  sqq. 

Indol  Formation  ;  Test,  510 
Inimical  to  Mosquitoes,  341 
Nitrifying,  in  Water,  96 
Staining,  Aniline  Dyes  for,  524 
intra  vitam,  532 
in  Tissues,  Stain  for,  618 
in  Water,  Solar  Action  on,  95,  96 
Bacterial  Count  per  1  c.c.  of  Sample  Water, 
602,  603 

Diseases,  Disinfection  in,  212 
Infections,  Anaphylactic  Theory  of,  635 
Vaccines  for,  Doses  of,  651 
Table,  650 
and  Ventilation,  62 

Preservation  of  Milk  in  Curdled  State,  92 
Skin  Affections,  Investigation  of,  591 
Treatment  by  Autogenous  Vaccines,  591 
Standard  for  Bombay  Milk,  70 
Tests  for  Water- Pollution,  100 
Vaccines,  Definition,  635 
Bacteriological  Action  of  Water  Sedimenta¬ 
tion,  115 

Analysis  of  Water,  602-3 
Diagnosis  of 
Anthrax,  598 
Cerebrospinal  Fever,  596 
Cholera,  594-5 
Diphtheria,  595-6 
Dysentery,  593-4 
Epidemic  Pneumonia,  600  sqq. 

Plague,  596-7 
Trypanosomiasis,  599 
Typhoid  and  Paratyphoid  Fevers,  592-3 
Undulant  Fever,  595 
Examination  of 

Anti-Variolous  Vaccines 
Dried,  681 
Glycerinated,  675 
Cerebrospinal  Fluid,  566 
Lesions  of 

Buccal  Cavity,  568-9 
Ear,  569 


TROPICS  I 


b 
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Bacteriological,  coni. 

Examination  of,  cont. 

Lesions  of,  cont. 

Eye,  569 
Mouth,  568 

Material,  General  Rules  of  Procedure 
for,  583-4 

Pleural  Fluid,  566,  567 
Post-mortem  Findings,  607,  609,  610, 
611,  612,  614 
Sputum,  570 
Synovial  Fluid,  567 
Urine,  587 
Water,  602  sqq. 

Bacteriolysin  in  Venoms,  749 
Bacterium  anthracis,  Flies  Conveying,  429 
tularense,  Fly  Conveying,  430 
Badiane,  779 

Badgers,  English,  Fleas  of,  484 
Baffle  or  Grid  in  Incinerator,  176 
Bagrus,  75 
Bahama  Grass,  59 

Baird  and  Tatlock’s  Cordite  Tubes,  504 
Baits  for  Fly-traps,  210,  434 
Baking-powder,  246 
Balistidae,  792 

Batistes  vetula,  Poisoning  by,  792 
Bambarra  Nut,  79 
Bamber  Oil,  33,  401 
Bamboos,  as  Conduits,  109 
Bamia,  81 

Banana  Flour  and  Bread,  83 
for  Infant  Feeding,  24 
Bananas,  22,  77,  82 
Bandages,  Many-tailed,  Changing,  243 
Storing  of,  269 
Bandas,  191 

Banti’s  Disease,  Leucocytosis,  Mononuclear 
in,  543 

Leucopenia  in,  542 
Liver  Cirrhosis  in,  610 

Post-mortem  Puncture  in,  Splenic  or 
Hepatic,  605 
Spleen  in,  607 

Spleen  Puncture  Smears  in,’  {Blue  Cells 
in,  546 

Baraz,  78 
Barbeaux,  794 
Barbeiro,  319 

Barber-Masseurs,  India,  258 
Barbers’  Shops,  in  the  Tropics,  Disinfection 
Prophylaxis,  235 
Barbus,  Larvivorous,  341 
mosal,  75 

Bare  Limbs,  Danger  of,  in  Tropics,  18,  263 
Barium,  Search  for,  in  Poisoning  Cases, 
822,  823 

Examination  of  Solid  Residue,  823,  824 
Tests  for,  822,  823,  824 
and  Lead,  Mixtures  of  ;  Tests,  824 
Barium  Chromate,  Mistaken  for  Yellow 
Arsenic,  807 

Barium  Sulphate,  in  Brown’s  Method  of 
Standardization  of  Vaccines,  644 

Barley,  76 

Ground,  for  Porridge,  247 
Water,  245,  261 
Barrachudo,  383 


Barracuda  or  Barracouta,  73,  790 
Barrel  Cactus,  Liquid-yielding,  93 
Barrels  for  Water  Storage,  100,  108 
Baryta  and  its  Salts,  Poisoning  by ;  Emer¬ 
gency  Treatment,  270 

Baryta  Poisoning  in  X-Ray  Work  ;  Emer¬ 
gency  Treatment,  270 
Basella  alba,  81 
rubra,  81 
Bases  for 

Anti-Fly  Manure  Heaps,  199 
Incinerators,  176 
Latrines,  165 
Basic  Aniline  Dyes,  524 
Fuchsin,  516,  524,  526 
Lead  Acetate,  in  Poison  Tests,  814,  841 
Safranin,  524 
Basil,  Red,  81 

Baskets,  Snakes  why  placed  in,  722,  723 
Basophil  Granules,  539 
Leucocytes,  539 

Proportion  in  Normal  Blood,  540 
Myelocytes,  540 

Basophilic  Degeneration  of  Red  Blood  Cells, 
546 

Bass,  74 

Bass  and  Hall’s  Method  for  Detecting  Ova 
of  Intestinal  Parasites  in  Stools, 
577 

Bass  and  John’s  Method  of  Cultivating  the 
Malaria  Parasite,  519-20 
Thomson’s  Modification,  520 
Batatas,  80 
Bateries,  189 

Bat-proof  Houses,  41,  189 
Bath(s),  Daily,  Temperature  for,  19 
Time  for,  19 
Water-supply  for,  110 
First,  of  an  Infant,  259 
Hot  or  Cold,  Leucopenia  after,  542 
Nurses’  Report  on,  245 
Remedial  use  of,  253 
Substitutes  for,  253 
after  Perspiring,  for  Children,  264 
Portable,  34 
Bath-House,  123 

Screening  of,  58,  123 
Bath- Water,  110,  122 
Disinfection,  220 
Bathing  Places,  102 

Batrachians,  Enemies  to  Mosquitoes,  341 
Batrachus  gruniens,  796 
Bats,  189 

Enemies  of  Mosquitoes,  341 
Insect  Parasites  of,  276,  473,  475 
Exclusion,  41,  189 

Battle’s  Vermin  Killer,  Strychnin  in,  788 
Battley’s  Solution,  Poisoning  by  ;  Emergency 
Treatment,  270 
Bazaar  Flies,  True,  453 
Bdellolarynx ,  Breeding-places,  456 
Characters,  453,  454 
Proboscis,  451,  452 

Beads,  Glass,  use  of  in  Differential  Leucocyte 
Count,  544 

Beam  and  Freak’s  Haemin  Test  for  Blood¬ 
stains,  538 

Beam’s  Test  for  Hashish,  813 
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Beans,  76,  77,  78 
Bearded  Darnel,  782 

Beattie’s  Simple  Method  for  Preparing  Anae¬ 
robic  Cultures,  518 
Bed  for  Patient,  and  Change  of,  242 
Bed-bugs,  189,  809,  311,  314,  315 
Bionomics,  316 

Breeding- Places,  Flaming  of,  214 
Collection  and  Preservation,  494 
Diseases  believed  to  be  Spread  by,  317 
FiXclusion  and  Extermination  Methods,  34, 
59,  317,  318 

Haunts,  316,  317,  318,  494 
Prophylaxis,  317 
Spread,  316,  317 
Stink- Glands,  311 
Bedding,  Airing,  &c.,  of,  213 
Bedding  and  Bed  Clothing  ;  Disinfection  and 
Disinfestation,  216,  318,  485 
Bedding-Inspection,  190,  191 
Bedingane,  80 
Bediyas  or  Gipsies,  718 
Bed-Nets,  Anti -Phlebotomus,  373 
Bed-Pans,  252 

Management  of,  243,  252 
Bed-Rests,  243 
Bedsores,  244 
Bedsteads,  Native,  191 

Beechwood  Creosote  as  Glossina  Repellant, 
471,  488,  494 

Beef,  Chilled,  Spots  on,  cause  of,  87 

Refrigerated,  Stored,  Observations  on,  86 
Taboo  to  Hindus,  247 
Tropical,  68 
Beef-juice,  Raw,  262 
Beef-tea,  245,  248 
for  Babies,  262 

for  Dysentery,  Diarrhoea,  and  Enteric 
Patients,  245 
Peptonizing  of,  249 
Savoury,  245-6 
Strained,  245,  246 

in  Fly  Trap,  210,  434 
Trap  for  Cockroaches,  194 
Beers,  Native,  62-3 

Anti- Scorbutic  properties  of,  85 
Food  Value  of,  85 
Bees,  273 

Diptera  Parasitic  on,  461,  473 
Packing  for  Transmission,  488 
Beetle  Larvae,  Arrow- Poison  from,  767 
Beetles,  273 

Packing  for  Transmission,  488 
Staphylinid,  Enemies  of  Fleas,  486 
Bell-Tents,  Mosquito-Nets  for,  28 
Belladonna,  in  Poultices,  257 
Poisoning  by,  763 
Belly-ache  Bush,  782 
Belostoma,  Bite  of,  323 
Belostomatidae,  323 
Bembicidae,  Preying  on  Tabanids,  418 
Ben  Oil,  81 
Benchucha,  322 

Benedict’s  Test  for  Sugar  in  Pathological 
Fluids,  564 

Modified,  for  Sugar  in  Urine,  581-2 
Bengalia  depressa,  444 

b 


Bengalis  (Gipsies),  Snake  Charmers  :  other 
Arts  of,  718 

Bengan,  81 
Beni  Oil,  81 

Benians’  Modification  of  Burn’s  Method  for 
Staining  Spirochaetaceae,  528 
Benincasa  cerifera,  81 
Benzine  for 

Destroying  Ants’  Nests,  193 
Killing  Fleas,  493 

Beriberi,  Aetiology  ;  Vitamine-deficiency,  82 
Suprarenal  Capsules  in,  Post-mortem,  608 
Berkefeld  Filter,  31,  114,  738 
Bertholletia  excelsa,  81 
Besredka’s  Fully-Sensitized  Vaccines,  639 
Beverages,  18,  25,  85 
Bezzia,  378,  380 
Bhang,  776,  805 
Bhat,  78 

Bhi,  Arrow-poison,  765,  773 
Bhindi,  81 

Bhistis,  Insanitary  Methods  of,  109 

Bhoosa  Bands,  182 

Bhutta,  76 

Bibio,  366 

Bibo,  278 

Bicho  de  Parede,  319 
Bikh,  765 
Bikhaconitin,  852 
Bile 

Absence  of,  from  Stools,  573 
Dried,  as  Blood  Culture  Medium,  554 
Inspissated  (Post-mortem),  609 
in  Test  Meal  Fluid,  Test  for,  571,  573 
in  Urine,  580,  581,  582 
Tests  for,  582 
Bile  Acids  in 

Faeces,  Test  for,  574 
Urine,  Hay’s  Test  for,  582 
Bile-Duct,  Post-mortem  Examination  of,  609 
Helminths  in,  610 

Bile  Pigment  in  Faeces,  Test  for,  574 

Unaltered,  Stool-Colour  in,  573,  574 
Bile-Stained  Mucus  in  Faeces,  574 
Bilharzia,  see  Schistosoma 
Bilharzial  Cercariae,  119 

Biliary  Fever  of  Horses  ;  Tick  suspected  as 
Carrier,  287 

Secretion,  interfered  with,  Fat  in  Stools 
from,  575 

Bilious  Attacks,  Prophylactic  Drugs  for,  34 
Bin,  use  of,  in  Snake  Charming,  723 
Binders,  Infants’,  259 

Patients’,  Changing  of,  243 
Biniodide  of  Mercury  as  Disinfectant,  8,  604 
Binocellate  Cobra,  see  Naia  tripudians  var. 
typica 

Biochemical  Reactions  of  Organisms,  Tests 
for,  513,  514,  516,  533 

Biological  Action,  Self-purification  by,  of 
River  Waters,  96 

Method  of  Anti-Fly  Treatment  of  Manure, 
197  sqq. 

Bird  Fleas,  482,  484 
Bird-Ticks,  275,  276,  277,  284 
Birds,  Aquatic,  Enemies  of  Mosquitoes,  341 
Clearing  of,  from  Ticks,  277 
Diptera  Parasitic  on,  461,  473 
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Birds,  coni. 

Enemies  of  Mosquitoes,  341 
of  Tabanids,  418 
Fleas  of,  482,  484 
Marine,  Ticks  Infesting,  275,  284 
Plasmodium  of,  Culicidae  harbouring,  343 
Spirochaetosis  of,  279 
Ticks  Infesting,  which  attack  Man,  275 
Birkas,  Egyptian,  Pollution  of,  95 
Bironella  gracilis  ( Anopheles ),  345,  354 
Bis  Arrow-Poison,  765,  773 
Biscuit  Tins  or  Boxes  for 
Incubators,  496 
Maggot  Traps,  199 
Sanitary  Uses,  142,  146,  181,  195 
Sullage  Sieves,  124 
Bish,  765 

Poisoning  by,  770 
Bishop  Ray  (fish),  797 
Biskra  Sore  ;  Insect  Vector,  373 
Bismarck  Brown  Stain,  524,  527 
Bismuth,  in  Analysis  in  Poisoning  Cases 
in  Precipitate,  827,  829 
in  Solution  of  Sulphides,  Tests  for,  799,  831 
Bisulphide  of  Carbon  Vapour  Fumigation, 
Anti-Flea,  485 
Biting  Flies,  189,  194,  273 
Small,  194 
Lice,  273 
Midges,  273 

Spiders  and  Spider-like  Animals,  272 
Biting  of  Snakes,  Position  for,  and  Warnings 
of,  699,  719,  720,  722 

Bitis 

African  Species,  703 
Synopsis,  705-6 
Bite  of,  Lethality  of,  757 
Habitat,  693,  705,  706 
Species 

arietans,  705 
atropos,  705 
caudalis,  706 
cornuta,  706 
gabonica,  706 
inornata,  706 
nasicornis,  706 
peringueyi,  705 

Bitter  Almonds,  Oil  of,  786,  846 
Cassava,  Poison  from,  80,  782 
Other  products,  80 
Bivouac  Mosquito-Nets,  28 
Black  Cobras,  719 
Black  Cotton  Soil,  166,  194 
Flies,  381,  382 

Garden  Ants’  Nests,  to  Destroy,  193 
Gram,  77,  78 

Ink  for  Writing  on  Glass,  500 
Krait,  696 
Run  Palm,  85 

Black  Snake  see  Pseudechis  porphyriacus 
Biackwater  Fever,  Lowering  in,  of  Blood 
Tonicity,  537,  538 
Haemofuscin  Pigment  in,  620 
Haemoglobinuria  in  Detection  of,  581 
Methaemoglobinuria  in,  Detection  of,  581 
Haemosiderin  in,  620 
Icteroid  Pigmentation  in,  605 
Kidney  in,  607-8 


Biackwater  Fever,  coni. 

Liver  in,  609 

Post-mortem  Indications,  605,  607-8,  609 
Spleen  in,  607 

Bladder,  Post-mortem  Examination  of,  608 
Schistosomiasis  of,  608 
Stone  in,  608 

Villous  Tumours  of,  Portions  of,  in  Urine, 
586 

Bladder  Disease,  Breath-Odour  in,  251 
Blankets,  Care  of,  268-9 
Disinfection,  224 
Disinfesting,  300,  302 
Blast-Furnace  Oil,  197 

Blastomyces  Infection,  Local  Tissue-Swell¬ 
ings  due  to,  606 

Blastomycosis,  Eosinophilia  in,  543 

Cutaneous,  Granulomata  of,  Differential 
Diagnosis  of,  590 
of  Nasal  Septum,  568 
Rectal,  608 

Bleaching  Powder  as  Disinfectant,  219,  220 
for  Water  Purification,  117,  126 
Blebs,  264 

Bleeding,  in  Chloroform  Poisoning,  270 
Ice  for,  257 

Bles’s  Fluid  for  Preserving  Dissected  Mos¬ 
quito  Mid-gut,  491 
Blighia  sapida,  764 
Poisoning,  770 
Blind,  the,  Massage  by,  258 
Blind  Strike  of  Cobras,  719,  721,  732 
Blood,  The,  535  sqq.  ;  see  also  Haemorrhages 
Alkalinity,  Estimation  of,  536-7 
Arneth  Index,  543 
Circulating 

Erythrocytes,  Pathological,  in,  538-9 
Leucocytes,  Pathological,  in,  540 
Coagulation  Time  ;  Estimation,  537 
Colour  Index  Estimation,  536 
as  Culture  Medium,  511,  554 
Boiled,  642 
Defibrinated,  513 
Dried,  554 

Defibrinated,  Human,  for  Checking  Haemo¬ 
rrhage,  632 

Effect  on,  of  Climate,  3,  5 
Erythrocytes  and  Leucocytes  in,  Methods 
for  Estimation  of,  541 
Examination,  see  Blood  Examination  below 
Extravasation  of,  in  Muscles,  in  Yellow 
Fever,  605 

in  Gastric  Contents,  Test  for,  571,  573 
Haemoglobin  Estimation,  536 
Normal 

Erythrocytes  in,  Numbers,  538 
Leucocytes  in,  Numbers,  539,  542 
Proportions  of  Various  Forms,  540 
Occult,  in  Faeces,  Tests  for,  574-5 
Opsonic  Index,  Method  of  Determining, 
552-3 

Organisms  from,  Cultivation  of,  for,  553,554 
Specific  Gravity,  Estimation  of,  537 
Spironemata  in,  Stain  for  Detecting,  529 
States  of 

Eosinophilia,  543 
Leucocvtosis,  542-3 
Leucopenia,  542 
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Blood,  cont. 

States  of,  cont. 

Lymphocytosis,  543 
in  Stools,  Tests  for 

Chemical,  574-5,  576 
Microscopical,  576 
Spectroscopicai,  576 

in  Test  Meal  Fluid,  Chemical  Test  for,  573 
Tonicity  ;  Estimation.  537 
for  Transfusion 

Collection  from  Donor,  654-5 
Introduction  into  Recipient,  655-6 
Selection  of  Donor  of,  656  sqq. 

Selection  of  Recipient,  661 
of  Typhus  Cases,  Animal  Inoculation  with, 
600 

in  Urine,  580,  581 
Tests  for,  581,  584 

Vacuoles  in,  Differentiation  of,  from  Para¬ 
sites,  545 

Wassermann  Test,  554  sqq. 

Ice-Box  Method 

Fairley’s  Technique,  559-60 
When  Applicable,  567 
Blood  Alkali  Agar,  Dieudonne’s,  512 
Blood  Cells,  Estimation  of  Number  of,  541  sqq. 

in  Pathological  Fluids,  564 
Blood-Clot  Medium  for  Cultivation  of  Ent¬ 
amoeba  histolytica ,  520-1 
Blood-Clots,  Old,  Pigments  in,  620 
Blood  Counts,  Methods,  &c.,  541,  542  543 
Blood  Culture  of 
B.  diphtherias,  595 
B.  dysenteries,  rarely  successful,  593 
B.  paratyphosus  A  and  B,  592-3 
B.  pestis,  596 
B.  typhosus ,  592 
Micrococcus  melitensis,  595 
V.  choleras,  594 
Blood  Cultures,  553 
Subcultures,  553 

in  Typhus  Fever,  Unsuccessful,  600 
for  Vaccine  Purposes,  636,  641 
Blood  Destruction,  Diseases  Associated  with, 
Urobilin  in  Urine  in,  582 
Blood  Diseases,  Leucopenia  in,  542 
Blood  Dust,  535,  538 
Blood  Elements,  535,  538 
Blood  Examination,  535  sqq. 

Fallacies  and  Puzzles  in,  544-7 
Fresh  Blood  Preparations 
Stained,  535 
Unstained,  535 
for  Microfilarise,  580 
for  Trypanosomes,  599 
Blood  Films 

Adventitious  Fallacies  in,  547 
Bodies,  Parasite-like  in 
Fresh  Films,  545 
Stained  Films,  545-7 
Contamination,  Errors  due  to,  547 
Drying ;  Fresh  Blotting  Paper  for,  547 
.Endothelial  Cells  in,  540 
Fixation,  524,  535 

Before  sending  far,  547 
Plasma  Cells  in,  540 
Preparation,  535 

in  Large  Numbers,  536 


Blood  Films,  cont. 

Preparation,  cont. 

Thick,  536 
Staining,  529,  535-6 

for  Malaria  Parasites,  530 
Thick,  531,  536 
Old,  531 

Thick,  Preparation,  536 
Uses,  531,  536 

Blood  Groups,  in  relation  to  Transfusion 
Classification,  656 
Determination,  657,  658 
Incidence.  657 

Relation  of,  with  respect  to  Agglutination, 
657 

Selection  of  Suitable,  as  Donor,  659 
Table,  661 

Blood  of  Ox,  as  Culture  Medium,  554 
Blood  Platelets,  535,  538 

Differentiation  from  Parasites  in  Fresh  and 
Stained  Films,  545-6 

Blood  Pressure,  Effect  on,  of  Climate  and 
Exercise,  5 
Blood  Serum 

Agglutination  in  Isolation  of  Pathogenic 
Micro-organisms,  592  sqq.,  600,  601 
Agglutinins  in,  Methods  of  Estimating, 
547  sqq. 

Culture  Media,  510,  511,  512,  513,  533 
Sterilization  Method  for  Culture  Media,  511 
and  Serum  Smeared  Agar,  512,  565 
Bloodstains,  Haemin  Test  for,  538 
Blood-Sucking  Cone-Nose,  321 
Insects 

Bugs,  309,  311 
Fleas,  474,  476 
Lice,  291 

Muscidse,  see  Muscidse,  Blood-Sucking 
Nematocera,  see  Nematocera,  Blood - 
Sucking 
Ticks,  274 

Blood  Vessels,  Post-mortem  Examination 
of,  612 

Blood  Work,  routine,  Leishman’s  Stain  for,  529 
Blotting  Paper,  Fresh,  for  Drying  Blood 
Films,  547 
Blowflies,  420,  445 
Prophylaxis,  437 
Blue  and  Colocynth  Pills,  34 
Fish,  73 

Glass  and  Fly-Prevention,  208 
Light  ;  Bactericidal  Action,  213 
Rocket,  765 
Skate  74 

Stains,  524,  526,  527,  528,  529,  530 
Blue  Nile  Water,  95 

Blue  Staining  Cells  ,  Spherical  or  Oval,  in 
Blood,  Conditions  associated  with, 
546 

Bluebottle  Flies  ( Calliphora ),  420,  423 
Myiases  due  to,  441 
Boas,  see  Boidae 

Bodies  Simulating  Parasites  in  Blood  Films, 
545  sqq. 

Body  Louse 
Distribution 

Geographical,  291 

Local,  on  the  Person  or  Clothing,  292,  296 
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Body  Louse,  cont. 

Infestation  by,  296-7 
Persistent,  297 

Life  History  and  Bionomics,  294 
Pathogenicity,  298 
Prophylaxis,  299 
Structure,  292 

Body  Temperature,  Effect  on,  of 
Clothing,  11 
Exercise,  2 
Tropical  Climates,  2 
Boidae,  689,  721 

Characters,  683,  685,  688,  689 
Boiled  Blood  Culture  Medium  for  Pfeiffer’s 
Bacillus,  642 

Water  ;  Protection  and  Storage,  112 
Boiling,  for  Disinfection,  214 

Frequent,  of  Kitchen  Articles,  90 
of  Milk,  92,  247 
Sterilization  by,  269,  501 
of  Water,  31,  112,  245 
Boiling  Water  to  Destroy  Ants’  Nests,  193 
Boils,  Pyogenic  Organisms  from,  Investiga* 
tion  of,  591 

Treatment  by  Vaccine,  635,  646 
Bombay  Duck,  73 
Bone  Marrow 

Erythroblasts  in,  538 
Htemosiderin  in,  620 
Myelocytes  in,  540 
Melanin  in,  620 

Bones  and  Joints,  Tuberculous,  Tuberculin 
for,  653 

Tumours  of  ;  Eosinophilia  present,  543 
Bont-Tick,  287 

Books,  Disinfection  of,  214,  218,  221,  234 
Boophilus,  281,  283,  286,  289,  290 
decoloratus,  288 
Boot-Grease,  31 
Boots,  16 

Anti-Mosquito,  30,  401 
Brown,  31 
Children’s,  263 
Disinfection,  218 
Gum,  31 
Inspection,  190 
Storage,  268-9 
Boraeic  Acid,  34,  261 
Enemata,  254 
Lotion,  259,  260 
Borassus  sethiopeum ,  85 
flabellifer,  85 

Borax  as  used  against  Vermin,  194,  197,  433 
Borborus  punctipennis,  421 

Ascaris  lumbricoides  Eggs  in,  431 
Bordet-Gengou  Reaction,  554  sqq. 

Borel’s  Blue,  530 

Borneo  Dart-poison,  769,  773 

Bot-flies,  274 

Myiases  due  to,  438-9,  444 
Botanical  Evidence,  when  Necessary  in  Poison 
Cases,  802,  804,  805,  852 
Botelho’s  Stain,  526 

Bothriocephalus  Anaemia,  Megaloblasts  in,  539 
Bottle  Brushes,  Cleansing  and  Storing  of,  120 
Bottle  Gourds,  81 

Bottles,  for  Baby  under  3  months,  91,  261 
Cleaning,  261 


Bottles,  cont. 

Broken,  Scavenging  of,  182 
Cleaning  and  Washing,  120,  809 
Entomological 

Brass,  Chloroform,  488,  809 
Cyanide,  Killing,  488 
for  Poisonous  Drugs,  254 
Botulism,  804 
Boucan,  72 

Bouins-Duboscq  Fixative  Fluid,  523 
Boulengerina,  701 
Habitat,  692 
Species  :  stormsi,  701 

Bovril  for  Nutrient  Broth  Culture  Medium, 
507,  508 

Bowel(s),  Climatic  Disorders  of,  6 

Contents  ;  Post-mortem  Examination,  611 
Disorders  due  to  Artificial  Infant  Foods  ; 
Panama,  24 

Haemorrhages  from,  Stool-Colour  in,  573 
Obstruction,  Stool-Consistency  in,  573-4 
Regulation,  20 

Box  Seats,  Fly-proof,  for  Latrines,  135-8 
Boxes  for  Entomological  Specimens,  488 
Boyd’s  Method  for  Cultivation  of  Tricho¬ 
monas  intestinalis,  521 
Boys,  Little,  Clothing  for,  263 
Brachyaspis,  715 
Habitat,  692 
Brachycera,  273 
I  Brackish  Water,  97,  98 
Brain  Abscesses,  614 

Post-mortem  Examination,  614 
Tumours  of,  614 
Weight,  614 

Brand’s  Essence  Agar,  642 
Brandy,  Rectally,  in  Chloroform  Poisoning, 
270 

Brass,  Cleansing  of,  by  Hankin’s  Method,  809 
Brassica  alba,  81 
nigra,  81 

Braula  coeca,  Bee-Parasite,  461,  476 
Brayera  anthelmintica,  844 
Brazil ;  Racial  Acclimatization,  9 
Brazil’s  Antivenene,  760 
Bread,  Examination  of,  in  Poison  Cases,  802 
Made  with  Faulty  Flours,  Conditions  due 
to  Eating,  782 
Making,  246 
Poultices,  257 
Substitutes,  77 
Breadfruit,  77 
Bream,  74 

Breast-Feeding  of  Infants,  23,  260 
Breasts,  Care  of,  260 
Breath,  the,  250 

Clinical  Observations,  251 
Brevirostrata,  281,  282,  284 
Brick  Arch  work  Roofs,  42,  45 
Bricks,  37,  38 

Protection  of,  against  Rain,  40 
Sand,  37 

Tarred  for  Damp-proof  Course  for  Huts,  61 
Brilliant  Green  Stain,  576,  592 

and  Acid  Fuchsin  Stain  of  Botelho,  526 
Method  (Browning’s)  for  Isolating  Typhoid- 
Paratyphoid  Organisms  from 
Faeces,  576-7,  592 
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Brimps,  410 
Brinjal,  80 

British  Army  ;  Anti-Tetanus  Vaccine,  633 
Anti-Typhoid  Vaccine,  635,  647 
Cresol  as  used  by,  197  n. 

Vaccines,  Standardization  of,  during  the 
War,  Method  of,  645 

British  Guiana  Conservancy  Methods,  130, 
140 

British  War  Office  Tetanus  Committee’s  view 
on  Treatment  of  Tetanus,  628 
Broke  Back  ( Chailletia  toxicaria ),  777 
Bromine  Method  for  Examination  of  Pre¬ 
cipitate  of  Metallic  Poisons,  827 
Water,  Saturated,  for  Destroying  Venom, 
739 

Test  for  Carbolic  Acid,  821 
Broad  Ligaments  of  Uterus,  Post-mortem 
Examination  of,  608 
Bronchi,  Fibrin  Casts  of,  in  Sputum,  570 
Post-mortem  Examination,  613 
Bronchial  Asthma,  see  under  Asthma 
Glands,  Post-mortem  Examination,  613 
Spirochaetosis,  see  under  Spirochaetosis 
Bronchitis,  Sputum  of,  251 
Treatment  by  Vaccine,  646  - 
Broncho-Pneumonia,  613 

Pfeiffer’s  Bacillus  from,  for  Influenza  Vac¬ 
cines,  641 

Treatment  by  Vaccine,  646 
Broth  and  Agar  for  Vaccine-Production 
Relative  Value  of,  640 
Culture  Media,  507,  508,  509,  512,  611 
Brothels,  Drugging  in,  805 
Broths,  246 
for  Babies,  262 
Strained,  246 
Brown  Haricots,  79 

Snake  of  Australia,  714 
Stains,  524,  527 

Brownian  Movement  in  Haemoconia,  538 
Browning’s  Brilliant  Green  Method  for  Isolat¬ 
ing  Typhoid-Paratyphoid  Organ¬ 
isms  from  Stools,  576 

Brown’s  Method  for  Standardizing  Vaccines, 
643,  table,  644 

Brucin,  in  Arrow-poisons,  769,  773 
Ferrocyanide,  854 

Separation  by  Alcohol  Extraction,  837 
with  Strychnin,  Tests  for,  850,  851,  853 
on  Sui  Needles,  815 
Bruhl’s  Jar,  676 
Bruises,  seen  Post-mortem,  605 
Brulots,  381 

Brush  or  Herbage,  Ticks  Infesting,  275 
Brushes,  Camel-hair,  Entomological,  488 
Hair  and  Shaving,  Disinfection  of,  235 
Bubonic  Plague,  see  under  Plague 
Buboes  in  Plague,  Puncture  for  Isolation  of 
B.  pestis,  596-7 

Buccal  Cavity,  Lesions  of,  Examination  of, 
568-9 

'Buchanan’s  Glucose  Neutral  Red  Agar  for 
Meningococci  from  Carriers,  516, 
596 

Buchner  Funnel,  515 

Buddhists,  Dietary  Restrictions  of,  247 

Buffalo  Gnats.  273,  381 


Buffaloes,  Glossina  morsitans  in  relation  to, 
465,  466 

Milk,  24,  69,  70,  248 
Analysis  of,  71 
Composition,  260 
Bugs  (Rhynchota),  273,  296,  308 
Bites  of,  Painful,  309,  311 
Classification,  310,  311 
Economically  Valuable  Species,  309 
Pathogenicity,  309 
References,  324 
Aquatic,  309,  311,  341 
True,  323 
Harvest,  272 
Plant-sucking,  309 

Preying  on  Mosquito  Larvae,  and  Ticks, 
309,  311 

Building  Materials,  for 
European  Houses,  37 
Mosquito-proof  Houses,  56 
Relative  Heat  Conduction  of,  37 
Buildings  for  an  Anti-Variolous  Vaccine 
Establishment  and  their  Fittings, 
663-6 

Subsidiary,  Prohibition  of,  in  Courtyards,62 
Bull-rout,  796 
Bulrush  Millet,  76 
Bulti,  75 

Bungalow,  European,  for  Khartoum,  47 
Bungarus  (Kraits),  694,  695 
Bite,  Death-time,  745 
Mechanism,  732  sqq. 

Occasionally  Non-Fatal,  727 
Characters,  695 
Habitat,  692 

Indian  Species,  Synopsis  of,  695-6 
Method  of  Attack,  732 
Poisoning ;  Symptoms,  741 
Species 

bungaroides ,  696 

candidus,  696,  720,  730,  737,  743,  745 
var.  multicinctus,  695 
var.  sindanus ,  696 
ceylonicus,  696 

fasciatus,  695,  720,  730,  737,  743,  745 
lividus,  696 

Used  by  Charmers,  719,  720 
Venom 

Dried,  yield,  730 
M.L.D.,  743 

Physical  Characters,  737 
Relative  Toxicity,  720 
Toxic  Substances  in,  746,  747,  752 
Buphane  disticha,  772,  852 
Bureau  of  Entomology,  U.S.A.,  487 
Burettes,  502,  504,  505 
Burial  of 

Carcasses,  438 
Corpses,  235-6 
Horse  Manure,  197 
Refuse,  184,  186 
Btirker  Haemocytometer,  541 
Burlap  Canvas,  136 

Burmese  Cobra,  see  Naia  tripudians  var. 
fasciata 

Type  of  Public  Latrine  for  Natives,  164 
Burning,  see  also  Flaming,  and  Incineration 
of  Carcasses,  437 


GENERAL  INDEX 


Burning,  cont. 

as  Disinfecting  Measure,  214,  234,  242,  267 
of  Refuse  for  Swamp-Reclamation,  184-5 
of  Tick-Infested  Dwellings,  279 
Burri’s  Method  for  Staining  Spirochaetaceae ; 

Benians’  Modification,  528 
Burrowing  Earth  Snakes,  see  Uysiidae,  and 
Uropeltidae 

Fleas,  see  Dermatophilus  penetrans 
Busch’s  Method  for  Demonstrating  Fat  in 
Tissues,  619 
Bush  Bean,  786 
Bushmaster  Snake,  710 
Buskins,  Anti-Mosquito,  30 
Butler’s  Vermin  Killer,  Strychnin  in,  788 
Butter,  71 

Native  Clarified,  71,  77 
Tinned,  71 
Vegetable,  81 
Butterflies,  273 

Transmission  of  Specimens,  488 
Butyric  Acid  in  Gastric  Contents  ;  Test,  571 
Test  (Noguchi’s)  for  Globulin,  566 
Butyrospermum  Parkii,  81 


C.  SOLUTION,  Anti-Fly,  197,  207 
for  Spraying  Corpses,  235 
CO.  Poisoning ;  Emergency  Treatment,  270 
C02.  Poisoning  ;  Emergency  Treatment,  270 
C.R.  Indicator,  514 

Milk  Culture  Medium,  514 
Cacti,  Liquid-yielding,  93 
Cadaverin,  22 
Caddis  Flies,  273 

Caffeine,  with  Antipyrin  or  Phenacetin,  34 
in  Kola  Nuts,  86 
Cajan  Pea,  77 
Cajanus  indicus,  77 
Calabar  Bean,  787 
Calabar  Swellings,  418,  606 
Calabarin,  787 

Calcium  Carbonate,  in  Urine,  584 

Chloride,  in  Instrument  Cupboard,  269 
Cyanamid  and  Acid  Phosphate  Mixture,  as 
Larvicide,  433 

Hyperchlorite,  for  Water-Sterilization,  117, 
118 

Oxalate  Crystals,  in 
Faeces,  576 
Urine,  583 
Urinary  Calculi,  587 

Salts,  for  Haemorrhage  of  Snake-Bite,  761 
in  Milk,  248 
Calculi  - 

in  Pancreatic  Duct,  610 
Seen  in  Post-mortem  Examinations,  608, 
610 

Urinary,  587 

Moist  Heat  to  ease  Passage,  257 
Vesical,  608 

Condition  simulating,  608 
Californian  Rattle  Snake,  see  Crotalus  ada- 
manteus 
Calliphora,  424 

Classification  by  Larval  Habits,  435 
Pathogenicity,  428,  429,  430,  431,  435,  441, 
588" 


Calliphora,  cont. 

Species 

erythrocephala,  420,  423,  429,  431,  441 
vomitoria,  420,  423,  428,  429,  430 
Calliphoridae,  449 
Calliphorinae,  445,  446 
Callophis,  Characters,  694,  696,  697 
Habitat,  692 
Species 

bibronii,  697 

macclellandii,  684,  697,  730 
maculiceps,  697 
trimaculatus,  697 
Venom,  684,  696 
Dried,  Yield,  730 
Calomel,  34 

Calotropis  gigantea,  805,  813,  837 
procera,  837 

Camel-Hair  Brushes,  488 
Camel-Riding,  Constipation  due  to,  33 
Camels,  Diseases  of,  believed  to  be  spread  by 
Tabanids,  419 
Milk  of,  69,  248 
Analysis,  71 
Composition,  260 
Camera  Lucida,  499 

Cammidge’s  Method  for  Estimation  of  Fat  in 
Faeces,  575 

Camp-Beds,  Mattresses  and  Mosquito  Nets 
for,  28 

Camp  Cook-Houses,  206 

Life,  Management  in,  of  Sullage,  122-3 

Locations,  191 

Refuse 

Collection,  181 
Disposal,  184 

Precautions  against  Vermin,  189  sqq. 

.  Sanitation,  L.R.S.  Privy  for,  177  sqq. 

Stool  with  double  Cover  as  Latrine  Seat, 
134-5 

Camphor,  in  Bed,  as 
Flea-Repellant,  485 
Fly-Repellant,  195 
Disinfecting  by,  604 
Poisoning ;  Tests,  799,  846 
Canada  Balsam,  483,  523  passim 
Canal  Waters  ;  Collection,  103 
Canarium,  Edible  Species,  82 
Canaul,  794 

Canavalia  ensiformis,  78 
Cancerous  Affections,  Hoarseness  in,  250 
Cane  Furniture,  Bug-infested  ;  Treatment,  318 
Cannabis  indica,  805,  813 
sativa,  776 
Canned  Foods,  90 
Decomposition,  90 
Test,  91 

Micro-organisms  in,  91 
Cantharidin,  807,  837 

Distinction  from,  of  Marking  Nut  Oil,  843 
Tests,  844 

Canvas,  Anti-Termite,  192 
Bags  as  Water  Coolers,  31 
for  Water  Storage,  108 
Burlap,  136 
Foot-gear,  16 
Leggings,  16 

Tent ;  Waterproofing,  29 
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Capes,  Waterproof,  17 
Capillary  Pipettes,  501,  541 
Capsule  Staining,  526 

Capitulum  of  Ticks,  275,  280,  281,  285,  287, 
289,  290 

Capoeta  fratercula,  190 
Capons,  68 
.  Capsicin,  845 
Capsicum,  807 

Capsicum  annum  ( longum ),  845 
Seeds,  811 

minimum  ( fastigeatum )  Seeds,  812 
Caracals,  Flea  found  on,  484 
Caramari  Arrow-Poison,  773 
Carangidae,  Edible,  72-3 
Poisoning  by.  792 
Carangus  sem,  73 
.  Caranx,  73,  74 
Species 

bartholomei,  73 
latus,  792 

Caravalle  Fish,  Toxins  of,  due  to  Decomposi¬ 
tion,  790 

Carbohydrate  Content  of 
Banana,  83 
Date,  83 

Foods,  in  the  Tropics,  20,  22,  83 
Carbol  Fuchsin  Stain  :  Uses,  524,  529,  532, 
594,  595,  598,  618 
Ziehl-Neelson’s  Form,  526-7,  528 
Quick  Modification,  527 
Carbol  Gentian  Violet  Stain,  524,  525 
Carbol  Thionin  Stain  for 
B.  pestis,  596,  597 
Histological  Sections,  618 
Carbol  Thionin  Blue  :  Uses,  527 
Carbol  Toluidin  Blue  Stain,  529 
Carbolic  Acid,  Disinfectant,  217,  251 
Mixture,  as  Larvicide,  399 
Poison  ;  Analytical  Group,  800 
in  Poisoning  Cases 

Detection  by  Odour,  803,  820,  821 
Emergency  Treatment,  270 
Sources  of,  in  the  Tropics,  820 
Tests,  821 

Solution  for  Preserving  Rubber  Tubing, 
501 

in  Staining  Work,  524,  525,  528 
Carbon  Bisulphide  used  against  Termites,  192, 

193 

Dioxide  Gas  Bottles  for  Storing  Rubber 
Tubing,  501 

Carcasses,  Disposal  of,  433,  437 
Carceag,  in  Sheep,  Tick-caused,  286 
Carcinoma,  Cachexia  of,  Oligocythsemia  of,  539 
Indication,  564,  573 

Cardiac  Conditions,  seen  Post-mortem,  612 
Disease,  Endothelial  Cells  in  Excess  in 
Pathological  Fluids  in,  564 
(Edema  of,  605 

Failure,  Polycythaemia  in,  539 
in  Snake-Bite  :  Treatment,  761 
Haemorrhages  in  Leucocythaemia,  613 
Poisons  ;  Tests,  806,  846 
Tonics,  in  Poisoning  by 
Carbolic  Acid,  270 
Poisonous  Gases,  270 
Cardol  vesicans,  844 


Cardolum  pruriens,  843 
Carica  papaya ,  84 
Carnivorae,  Larvivorous,  341 
Carollia,  361 
Carp,  Edible  kinds,  75 
Leech-destroying,  190 
Carpet  Grass,  59 
Carpets,  53 
Carrapato,  278 
Carriers  of  Disease 
Detection  of 

by  Agglutination  Test,  547 
in  Bacillary  Dysentery,  547 
in  Cerebrospinal  Meningitis,  596 
in  Cholera,  595 
in  Enterica,  547 
in  Undulant  Fever,  547 
in  Typhus,  547 
Healthy,  267 
Nursing  of,  267 

Carrion  Eaters,  Protection  against,  of  Graves, 
236 

Carrot  Poultices,  257 

Carter’s  Method  for  Dealing  with  Horse 
Manure,  201 

Carts  for  Refuse  Removal,  182 
Cary ota  urens,  85 
Cascara  sagrada,  34 
Cascavella,  714 

Caseous  Abscess,  Pulmonary,  due  to  P.  wester- 
mani,  613 
Cashew  Nuts,  82 
Cassabamba  Arrow-poison,  773 
Cassava,  Bitter,  Poisoning  bv,  80,  782,  786 
Cakes,  782 
Meal,  80 
Sweet,  80,  782 

Cassia,  Oil  of,  Insect-Repellant,  195 
Cassin’s  Golden  Purple,  536 
Caste  and  Race,  Influence  of,  in  relation  to 
Nursing,  247,  265,  267 
Castellani’s  Absorption  Test,  550  sqq.,  593 
Taylor’s  Technique,  551-2 
Castor  Oil,  34  bis 

Doses  for  Infants,  262,  263 
for  Fly- Killing,  206,  207,  209 
in  Fungal  Poisoning,  270 
Louse-Repellant,  299 

with  Wintergreen  Oil  for  Testing  Specific 
Gravity  of  Blood,  537 
Castor  Oil  Plant,  see  Ricinus  communis 
Casts  in  Urine,  586, 

Cat-fish,  75 
Poisonous,  796 
Cat  Flea,  481,  482,  484,  485 
Catchment  Areas 
Pollution,  98,  99 
Protection,  101 

Catechu  in  Poisoning  Cases,  270 
Caterpillar  Viscera,  Arrow-poison  from,  767 
Caterpillars,  Fleas  attacking,  484 
Catheters,  Storage,  269 
Use,  244 

Catiang  Beans,  78 
Catla,  Edible  Fish,  75 
Catla  buchanani,  75 

Cats,  Average  Rectal  Temperatures,  534 
Tapeworms,  Flea-Transmitted,  485 
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Cattle  Destruction  by  Tsetse,  468-9 
Diseases,  Tick-spread,  286,  288,  289 
Insects  Infesting,  280,  286,  287,  288,  289, 
381,  382,  412,  418,  419,  436,  437, 
441,  454,  458,  468 
Poisons  used  for,  801,  804,  815,  837 
Examination  and  Tests,  802,  822 
Cattle  Bots,  441 

Cattle  Sheds ;  Anti-Fly  Whitewashing,  206 
Cattle-Trucks ;  Disinfection  by  Formalin 
Spraying,  218 

Caustic  Alkalis,  in  Poisoning  Cases,  800 
Potash  Poisoning  ;  Emergency  Treatment, 
269 

Tests  for  Vesicants,  844,  845 
Soda  Poisoning ;  Emergency  Treatment, 
269 

Causus,  703,  704 
Habitat,  693,  704 
Species 

defillipii ,  704 
licktensteinii ,  704 
resimus,  704 
rhombeatus,  704 
Cedar  Wood  Oil,  483,  533 
Ceilings,  53 
Asbestos,  56 
Celastraceae,  772 

Cellars,  Underground,  as  Food  Stores,  88-9 
Cellia  (Anophelini),  346,  355 
Cellular  Structures  in  Sputum,  569 
Cement  and  Cement-Concrete,  in  Buildings, 
37,  47,  61,  64 

Cement  -  Concrete  for  Filter  Pit  Trench 
Latrine  Platforms,  165 
Cemeteries ;  Site,  Soil,  and  Supervision,  236 
Centigrade  Temperatures,  to  Convert  into 
Fahrenheit,  502 

Centinormal  Solution  (N/100),  503 
Centipede  Venom,  in  Arrow-poison,  769 
Centipedes,  189,  190,  274 
Centrifuge  for  Serum  Reaction  work,  496 
Centropogon  australis ,  796 
Centrotypus,  378 
Cerastes,  698,  699,  704,  706,  725 
African 

Bite  :  Lethality,  757 
Habitat,  693,  699,  707 
Species 

cornutus,  699,  707 
viper  a,  707 
Venom,  746 

Dried,  Yield,  731 
Ceratolophus,  380 
Ceratophyllus,  484 
Species 

anisus,  481 

fasciatus,  479,  481,  483 
Vector  of  Plague,  485 
gallinas,  484 

Ceratopogon,  377,  378,  379,  380 
Ceratopogoninae,  194,  375  &  n. 

Association  with  Disease,  380-1 
References,  381 

Cerbera  odollam,  Poison  from,  785 

.Colour  Reactions  of  Latex  and  Seeds,  816 
Thevetia,  785 

Cercariae,  Bilharzial,  93,  119 


Cercopidse,  Eye- Inflammation  caused  by,  309 
Cereals,  76 

Cerebellar  Abscess,  614 
Cerebral  Abscess,  614 
Haemorrhages,  614 
Cerebrospinal  Fever 
Brain  in,  614 

Causal  Organism,  see  Meningococcus 
Death-rate  Reduction  by  Serotherapy,  625 
Disinfection  :  Hut-Burning,  214 
Petechial  Haemorrhages,  605 
Post-mortem  Indications,  605 
Sera  for,  625,  626,  631,  646 
Treatment  by 

Serotherapy,  626,  630,  631 
Serum  of  Convalescents,  632 
Vaccinotherapy,  646 
Cerebrospinal  Fluid 
Bacteriology,  566 
Chemical  Tests,  565 
for  Globulin,  565,  566 
Colloidal  Gold  Test,  566,  567 
Cultures  from,  566 
Cytological  Examination,  565 
Isolation  from,  of 
Meningoccus,  596 
Trypanosomes,  599 
in  Meningitis,  614 
Normal,  565 
in  Trypanosomiasis,  614 
Wassermann  Test,  559,  567 
Cerebrospinal  Meningitis,  see  Cerebrospinal 
Fever,  above 

Cerebrospinal  Syphilis ;  Tests,  559,  565,  567 
Cerebrum  ;  Post-mortem  Examination,  614 
Cereus  spp.  in  Vaccine  Emulsion 
cdba,  675 
flava,  675 
Cero  (fish),  73 

Cervical  Glands,  Enlargement  of,  Diseases  in 
which  present,  606 

Puncture  of,  for  Isolation  of  Trypano¬ 
somes,  599 
Cess-Pits,  129,  130 
Shallow,  130 
Well-Pollution  by,  96 
Cestodes  ;  Preservation  and  Staining,  579 
Ceylon  Ivrait,  696 
Chailletia  toxicaria,  777 
Chailletiaceae,  777 
Chain  Viper,  720 
Chalcids,  273 

Chalk  or  Whitewash,  Poisons  for  which 
Antidote,  269 

Chamberland  Bougie,  512,  738 
Chameleons,  683 
Champagne,  26 
Chaoborus  Larvae,  325-6 
Chaoborinae,  325 
Chapoteau’s  Peptone,  518 
Charas,  776,  805 

Charcoal,  Powdered,  on  Poultices,  257 
Charcot-Leyden  Crystals  in  Sputum,  570 
Chardin  Paper,  509,  516,  517,  528,  554 
Charrah,  81 

Chatties,  Performing  Snakes  in,  723 
Cheese,  72 

of  Soy  Beans,  78 
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Cheese  Maggot,  Appendicitis  possibly  due  to, 
446 

Cheese  Mites,  275 

Chelifer  attacking  Phlebotomus  larvae,  372 
Cheltik,  Arrow-poison,  773 
Chemical  Agents  for  Water  Sterilization,  31-2 
Analysis  of 
Poisons,  800 
Snake  Venoms,  738 

Changes  induced  by  Cold  Storage,  in  Foods, 
86-7,  88 

Disinfectants.  213,  216 
Investigation  of  Medico-Legal  Cases, 
798  sqq. 

References,  855 

Nature  of  Toxic  Elements  in  Venom,  739 
Purification  of  Sullage,  124,  126 
Substances  Destroying  Venom,  739 
Tests  for 

Abnormal  Constituents  in 
Faeces,  574  sqq. 

Urine,  580  sqq. 

Blood  and  Bile  in  Test  Meal  Fluid,  573 
Faeces,  574 

Nicotin  as  Poison,  850 
Treatment  of  Manure  for  Fly-destruction, 
433 

Water  Purification,  111,  115 
Water  Softening,  116 

Chemicals,  Pure,  Essential  in  Tests  for 
Poisons,  800,  834 
Preparation,  808,  834,  837 
Testing  for  Arsenic,  837 
Chena,  78 
Chersydrus,  689 
Chiastopsylla,  484 
rossi,  481 
Chick  Peas,  76 
Chicken  Jelly,  246 
Chicken-pox  ;  Nursing,  266 
Chickens,  Ticks  infesting,  280 
Chigger  Flea,  see  Dermatophilus  penetrans 
Childbirth  in  Native  Races,  267 
Children,  European,  in  the  Tropics 

Age  at  which  to  be  sent  thence,  10,  264 
Appetite,  25 

Aspect  of,  in  Health  and  Illness,  265 
Blood  of 

Haemoglobin  Diminution  in,  4 
Large  Lymphocytes  in,  539 
Lymphocyte-percentage  high  in,  543 
Care  of,  259  sqq. 

Clothing,  16,  263 

Changing,  after  Perspiration,  264 
Night,  16,  20 
Sun-Hats,  263 

Condition  of,  in  North  Australia,  7 
Drug-Suppositories  for,  256 
Eczema  of,  due  to  Head-Lice,  298 
Education,  19 
Enemata  for,  255,  256 
Exercise  for,  263 

Feet  and  Legs  ;  Protection  for,  263 
Food  and  Feeding,  23,  25,  260  sqq. 

Tables  of  Food  Stuffs,  265 
Generative  System,  5 
Growth,  6 

Invalid  ;  Milk  Diet-Quantities  for,  248 


Children',  European,  in  the  Tropics,  cont. 
Medical  Examination,  264 
Nervous  System,  5 
Effect  on,  of  Heat,  25 
Night-Terrors,  264 
Pulse-Rate,  when  Young,  250 
Siesta  for,  21 
Sleep,  Disturbed  of,  264 
Sputum  Swallowing  by,  251 
Teeth  of,  Care  of,  20 
Temperature  of,  249 
Place  for  Taking,  249 
Rise  of,  Deduction  from,  249 
Tooth-Cleaning  by,  when  Little,  263 
Vaccination,  263 
Water  Requirements,  24,  25,  109 
Weight  and  Height,  264 
Native,  Spleen-index  of,  263 
Chill,  Causation,  Avoidance  and  Prevention, 
17,  20,  243,  265,  266 
Chilled  Meat,  86 

Fungus  on,  Non-pathogenic,  87 
Chilomastix  in  Diarrhoea  Stools,  576 
Chilopoda,  274 
China  Blue,  514 
Chinese  Ink,  500 
White,  500 

Chinosol,  as  Barbers’  Disinfectant,  235 
Chironomidse,  39,  98,  273,  325,  374 
References,  381 
Chironominae,  375 
Chloral  Poisoning 

Emergency  Treatment,  270 
Spotting  Test,  821 

Chloramine  T.,  for  Water  Sterilization,  119 
Chloride  of  Lime,  see  Chlorinated  Lime,  below 
Chlorides  in  Urine,  Test  for,  583 
Chlorinated  Lime  (Chloride  of  Lime),  as  Dis¬ 
infectant,  111,  126,  217,  219,  220 
Destroying  Snake  Venom,  739 
Fresh,  in  Powder,  221 
Chlorination  of  Drinking  Water,  109,  117 
Military  Methods,  118 
Test  for,  118 

Solution  for,  118,  119 
Chlorine,  as  Larvicide,  399 
Liquid  ;  Sterilizing,  119 
Solution  for  Institute  Disinfection,  220 
for  Water  Sterilization,  117  sqq. 

Lyster  Bag  for  use  of,  117-18 
Chlorodyne,  34 

Poisoning  ;  Emergency  Treatment,  270 
Chloroform  Bottle,  Brass,  for  Insect- Killing, 
488 

as  Clearing  Agent,  616,  619 
in  Culture  Media,  511 
to  Evacuate  Tick  in  Ear,  281 
Extracts  in  Poison  Tests,  842,  843 
Purification,  847 

Inhalation,  in  lllicum  religiosum  Poisoning, 
779 

Poisoning 

Emergency  Treatment,  270 
Tests,  818,  821 

Solvent  for  Alkaloids,  842,  848 
in  Sterilizing  Blood  Serum  or  Ascitic 
Fluid,  511 

Choanotmnia  infundibulum ,  Fly- Spread,  431 
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Cholera 

Bowel  Contents,  611 
Carriers  ;  Detection,  594,  595 
Causal  Organism,  see  Vibrio  cholerse 
Corpses,  Disinfecting  Powders  for,  221 
Diagnostic  Methods,  594 
Serum  Agglutination,  595 
Dunbar’s  Method,  594 
Disinfection,  219,  221 
Enteritis,  Catarrhal,  in,  611 
Fly-spread,  432 
Incidence,  Seasonal,  27 
Infection  from  Snow  and  Water,  93,  94,  95, 
96,  99,  103,  109,  236 
Insect  Vectors,  33 
Kidneys  in,  608 
Liver  in,  609 

Mangoes  to  be  avoided  in,  84 
Peritoneal  Surface  in,  606 
Post-mortem  Indications,  605,  606,  608, 
609,  611 
Prophylaxis,  214 
Inoculation,  27 

Vaccines  for,  646,  648 
Water- Sterilization,  31-2 
Raw  Vegetables  dangerous  when  preva¬ 
lent,  81 

Rigor  Mortis  in,  605 
Stool  Cultures  for,  594-5 
Stools,  252 
Colour,  573 
Cultures  from,  594 
Disinfection,  219,  221 
Mucus  in,  574 
Rice-Water  Character,  611 
Suspected,  Preservation,  for  Delayed 
Bacteriological  Examination,  577 
Wassermann  Test  in,  554 
Cholera  Belts,  14,  243 
Cholera  Red  Reaction,  522,  595 
Cholesterin,  of  the  Blood,  5 
Crystals,  in  Sputum,  570 
in  Urine,  584 

Chordae  Muscle,  Pallor  ;  Causes,  612 
Chowli,  78 

Christopher  sia  (Anophelini),  346,  355 
Chromic  Acid  for  Snake-Bite,  739,  759 
Chromium  in  Poisoning  Cases  ;  Systematic 
Analysis,  822 

Chrysomyia 

Classification  by  Larval  Habits,  435 
Trypansoma  hippicum  in,  430 
macellaria,  436 

Chrysophanic  Acid  Ointment  for  Ringworm, 
256 

Chrysops,  410,  412,  417 
Pathogenicity,  412,  418 
Prophylaxis,  419 
Churud,  the,  102 
Chylous  Fluids,  563 

When  met  with,  565 
Chyluria 

Fat  Particles  in,  584 

Filaria  and  Microfilaria  associated  with, 
580,  587,  608 
Urine  in,  580 
Cicadas,  273,  309 
Cicer  arietinum,  78 


Cichlidai,  75 

Ciliates,  Intestinal,  and  their  Cysts  in  Stools 
576  - 

Intra  vitarn  Staining  of,  532 
in  Water,  Destroyed  by  Lyster  Bag,  118 
Cimex  (  =  Acanthia),  276,  311 
Species 
boueti,  316 
ciliatus,  316 
columbarius,  315,  316 
hemiptera,  311,  312,  315 
Suspect  as  Intermediate  Host  of  Kala 
Azar,  317 
hirundinis,  316 
lectularius,  311,  314,  315 
macrocephalus,  315 
rotundatus,  311 
Cimicidae,  273,  276,  311 
Life  History,  313-14 
Species  Important  to  Man,  314 
Cimolite,  for  Infants,  259 
Ciniphes,  366 
Cinol,  207 

Circulation,  Effect  on,  of  Climate,  5 
Cirrhosis  of  Lungs,  613 
Cirrhotic  Changes  in  Liver,  610 
Cisterns,  Water,  100 
Inspection,  101 
Cissus,  768 

Citrated  Blood  Method  of  Transfusion,  654 
Citric  Acid  for  rendering  Water  Palatable, 
111 

Citronella  Oil  in  Fly-Spray,  207 
Mosquito-Repellant,  401-4 
Citrus  medica  var.  acida,  84 
var.  limonum,  84 
Civil  Communities 

Domestic  Conservancy,  152 
Sullage  Collection  and  Disposal,  127-8 
Cladosporium ,  on  Beef,  87 
Clarias,  75 

Clark’s  Process  for  Water  Softening,  116 
Clarification  of  Water,  32,  34,  115,  116 
Clay  Subsoil  to  Water,  Contamination  by, 
99 

Clayton  Fire  Extinguishing  &  Ventilating  Co., 
Ltd.,  224 

Clayton  Gas,  Disinfection  by,  and  Destruc¬ 
tion  of  Insects,  &c.,  193,  207,  317, 
318 

Apparatus  employed,  223  sqq. 

Clayton  Disinfecting  Station  ;  Arrangement, 
225  sqq. 

Instructions  for  Attendants,  226  sqq. 
Notes  for  Inspecting  Officers,  228 
Clayton  Lane’s  Method  for  Detecting  Ova  of 
Intestinal  Parasites  in  Stools, 
577-8 

Cleaning  of  Bottles,  in  Aerated  Water 
Factories,  120 
Cleanliness,  19 

Cleansing  of  Anti-Variolous  Vaccine  Animals, 
667-8 

Clearing  as 

Anti -Glossina  Measure,  471-2 
Anti-Mosquito  Measure,  393,  400,  404 
Clerestory  Windows  in  Houses,  47,  62 
Climatic  Bubo,  606 
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Climates,  Suitable  for  Tuberculous  Persons, 
265 

Tropical 

Effects  of,  1  sqq. 

Acclimatization  to 
Individual,  10 
Racial,  7  sqq. 

Pathological,  1,  6 
Physiological,  1,  2  sqq. 

Prophylaxis,  11  sqq. 

Clinical  Observations  by  Nurse,  249  sqq. 

Thermometer,  34 
Clippers  ;  Disinfection,  235 
Clonorchis  sinensis  in  Bile-Ducts,  610 
Close  Packing  of  Manure,  Anti- Fly,  197 
Clothes  Louse,  292,  588 

Clothing  in  Poisoning  Cases,  Stained  with 
Dejecta  ;  Collection  and  Examina¬ 
tion,  799,  801 
Tropical,  7,  11,  14,  30 

Children’s,  16,  20,  263,  264 
Infants’,  259 
Women’s,  16,  30 
Airing  and  Sunning,  213 
Colours  for,  14,  15 
Disinfection,  213,  214,  216,  218,  267 
Disinfestation  from 

Fleas,  by  Sunlight,  485 
Lice,  299,  300 
Infected,  Burning  of,  267 
Louse-proof,  308 

Material,  Relative  Absorptive  Power  of 
Different  Coloured,  15 
Patients’,  Changing  of,  243 
Pediculus  infesting,  292,  588 
Porosity,  11,  14,  15 

Protection  of,  from  Resting  Mosquitoes,  35 
Protective  against  Insects,  &c.,  15,  16, 
30,  190,  195,  401,  470,  471 
for  Troops  on  March,  18 
Warm,  Provision  of,  Essential,  30 
Waterproof,  16-17,  30 
Weight,  15 

Clothes,  Washing  of,  102,  123 
Precautions,  123,  269 
Water-Supply  for,  110,  123 
Cloudy  Swelling  of  Liver,  610 
Cloves,  Oil  of  ;  Uses,  483,  524 
Club  Life,  danger  of,  39 

Clubs  in  Actinomyces,  Staining  Method  for 
529 

Clnpea,  Edible  Species 
ilisha,  73 
pallasi,  74 
Poisonous  Species 
hunter alis,  791 
longiceps,  791 
thryssa,  791 

Clupidae,  Poisoning  by,  791 
Cnidoglanis,  Poisonous  Species 
bostockii,  796 
megastomi,  796 
Co- Agglutination  Curve,  550 
Coagulation  Time  of  the  Blood.  Estimation 
of,  537 

Coagulins  and  Anticoagulins  in  Salivary 
Secretions  of  Blood-Sucking  Musci- 
dae,  450-1 


Coagulose,  632 

Coal-Tar  Products  as  Disinfectants,  197,  217, 
220,  235,  438 

Coastal  Lands,  Mosquito  Control  on,  390,  392 
Cobbler  (fish),  796 
Cobold  as  Fly-poison,  209 
Cobra-di-capello,  695 

Cobra  and  Russell’s  Viper,  Mixed,  Anti- 
venene,  Lamb’s,  760 

Cobra(s),  see  also  Naia ,  694,  695,  719,  721 
Common  or  Spectacled,  see  Naia  tripu- 
dians  var.  typica 

Black,  see  Naia  tripudians  var.  coca 
Burmese,  see  Naia  tripudians  var.  fasciola 
Bites,  722,  732,  733,  757 

Amount  of  Venom  Injected,  737,  745 
Death-Time  in,  Table,  745 
Occasionally  Non-fatal,  727 
Treatment  by  Antivenene,  752,  753,  755, 
759,  760,  761 
Administration,  760 
Delay  or  Intermission  in  Giving, 
752,  753 

Dose  to  Save  Life,  755,  759 
Influence  of  Delay,  752 

Captive 

Feeding  of,  724 

Venom  as  Digestive,  725 
Classification  into  Subspecies,  by  Ocelli, 
719-20 

Egyptian  (see  Naia  hajae ),  725 

Indian  (see  Naia  tripudians  var.  typica),  725 

King,  see  Naia  bungarus 

Many-Headed,  Symbolism  of,  725 

Method  of  Attack,  732 

and  Mongoose  Fights,  719,  726 

Taming,  723 

Training,  722 

Used  by  Charmers,  719-20 

Venom 

Antivenene  for  (see  also  under  Bite, 
Treatment  of,  above),  741,  751 
Amount  Injected  at  Bite,  737,  745 
Chemical  Analysis,  738 
Cytolytic  Action,  specific  of,  749 
Digestive  Character  of,  725,  748 
Distribution  in  Tissues,  752 
Dried,  Lasting  Toxicitv,  737 
Yield,  730 

Lethal  Dose,  Estimated,  745 
M.  L.  D.,  742,  743,  Table,  743 
for  Man,  743 
Physical  Characters,  737 
Rate  of  Fixation  in  Tissues,  752 
Sub-Lethal  Doses,  742 
Table,  743 

Thermal  Death-point,  737 
Toxic  Elements,  725,  737,  746  sqq.,  749 
Cocaine  in  Poisoning  Cases,  805 
Emergency  Treatment,  270 
Separation  and  Tests,  837,  850,  851,  852, 
855 

Coccidae,  309 
Secretions,  310 

Cocculus  indicus  (Levant  Nuts)  Poisoning  by, 
Microscopical  Search  for,  799,  846 
Cochineal  Insect,  309 
Cochino,  792 
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Cockroaches,  189,  273 

Destruction  Methods,  193 
Haunts,  40 
Cocoa,  248 
Butter,  81 

Coco-nut  Cake,  Protein  furnished  by,  82 
Vitamine  Content  of,  82 
Milk,  for  Native  Infants,  Philippines,  24 
Oil,  81 
Palm 

Growing  on  Drained  Tidal  Land,  391 
Sugar-yielding,  85 
Coco-nuts,  82 
Codfish,  72 

Ccelodiazesis  (Anophelini).  348 
Coffee,  18,  26 

Hot,  in  Emergency  Treatment  of  Acute 
Alcohol  Poisoning,  270 
Coffins,  236 
Cohpne  Palm,  81 
Coignet’s  Gelatin,  509 
Cokerite  Palm,  81 
Cola  acuminata ,  86 
vera.  86 

Colchicin,  in  Poisoning  Cases,  846 
Tests,  846,  851 

Cold,  Prolonged  Exposure  to,  Leucopenia 
after,  542 

Cold  Baths,  Contra-indications  for,  19 

Douches,  in  Emergency  Treatment  for 
Poisoning,  270 
Drinks,  26 

Exclusion  Methods,  60 
Pack 

Nurses  Report  on,  245 
Remedial  Use  of,  253 
Sponging,  as  Remedial  Agent,  253 
Storage  for 

Food,  72,  86,  257 
India-rubber  Articles,  269 
Stores,  Substitute  or  Makeshift,  88,  89 
Transport,  72 

Cold  Weather  Houses,  for  Delhi,  47 
Cole  and  Onslow  Tubes,  505 
Coleman  and  Bunton’s  Blood  Culture  Medium, 
554 

Coleoptera,  273 
Colic,  Drugs  for,  34 
Colitis,  Fly-Spread,  432 

Colloidal  Gold  Test  (Lange’s),  for  Cerebro¬ 
spinal  Fluid,  566,  567 
Collodion,  Flexile,  for  Leech-bite,  258 
Colocasia  antiquorum,  var.  esculenta,  80 
macrorhiza,  80 

Colocynthin,  in  Poisoning  Cases  ;  Extrac¬ 
tion,  837 
Indication  of,  846 

Colocynth  and  Hyoscyamus  Pills,  34 
Colon,  Polypoid  Bilharzial  Tumours  of,  612 
Colorimetric  Estimation  of  Alum,  in  Water 
Purification,  115 

Method  of  Standardizing  Culture  Media, 
504 

Colour  Comparator,  505 

Index  of  Blood,  Estimation  of,  536 
for  Linings  and  Clothing,  12,  14,  15 
Post-mortem.  605 
for  Spectacles,  13 


Colour,  cont. 

for  Tropical  Houses 
External,  53 
Internal,  53 
of  Stools,  244,  252,  573 
Tests  for  Poisons,  799,  803,  806,  808  et 
alibi,  passim 
Washing,  219 

Coloured  Clothing  Material,  Absorptive 
Powers  of  Table,  15 

Races,  Tuberculin  Diagnosis  in  :  Reactions 
with,  653 

Salts  in  Poisoning  Cases,  Tests  for,  799,  803 
Tablets  of  Corrosive  Sublimate,  217 
Colubridae  (Colubrines) 

African,  691,  701 
American,  691,  707,  708 
Asiatic,  694  sqq. 

Australian,  691,  714 

Venom  ;  Hsemorrhagin  in,  747 
Bites 

Amputation  for,  758-9 
Mechanism,  732,  737 
Symptoms,  740,  741,  756 
Tissues  at  Site  of,  756 
Classification,  684 
Key  to,  689 

Fangless  ;  Poisonous  Saliva,  684 
Geographical  Distribution,  691,  692-3 
Poisonous  to  Man  ;  Classification,  684 
with  Posterior  Fangs,  685 
Venom  of,  683 
Series,  689-90 
Table,  692-3 
Venom  of 

Chemical  Analysis,  738 
M.  L.  D.,  742,  Table,  743 
Thermal  Death-point,  737,  738 
Toxic  Substances  in,  739,  746,  747,  748, 
752 

Chemical  Nature,  739  sqq. 

Venom  Gland,  734 
Combretacese,  772 
Combretum,  772 
Combs  ;  Disinfection,  235 
Comfort  in  Dwellings  Essential,  39 
Commelinaceae,  772 
Commodes,  152 

Common  Rattle  Snake,  see  Crotalus  durissus 
Common  Sense  (Cockroach)  Exterminator,  193 
Communal  Kitchens  :  Mombasa,  63 
Complement  Absorption  Tests  for  Differen¬ 
tiating  B.  paratyphosus  B.  and 
B.  enteritidis,  593 

Deviation  Test,  Diseases  to  which  Appli¬ 
cable,  554,  560 

Fixation,  by  Sera  of  Patients  Treated  with 
Detoxicated  Vaccines,  643 
Test  for 

Gonorrhoea  (Thomson’s),  561,  587 
Schistosomiasis,  562 
Syphilis,  554  sqq. 

Conchuda,  284 

Concrete  Apron  round  Houses,  39 

as  Building  Material,  37,  39-40,  56,  192 
Blocks,  Solid  and  Hollow,  37 
Reinforced,  37 

Platforms  for  Drying  Horse  Manure,  1 96 
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Condiments,  85 
Condylomata,  Anal,  608 
Cone-Nose  Bugs,  318 
Cone  Type  of  Incinerator,  201 
Congenital  Infections,  Medical  Examination 
for,  of  Infants,  264 

Congestion  of  Various  Organs,  seen  Post¬ 
mortem,  607,  608,  609,  613,  614 
Congestive  Disorders  of  Liver  and  Bowels,  6 
Headaches,  Drugs  for,  34 
Congo  Floor  Maggot,  see  Auchmeromyia  luteola 
Congo  Pea,  78 

Congo  Red  Paper  Test  for  Free  Hydro¬ 
chloric  Acid,  571 
Stain,  528,  571 
Coniin,  850 
Conjunctivitis 

Causal  Organism  :  Isolation  &c.,  569 
Caused  by 
Light,  7 

Spitting  Snake,  703 
Flies  as  Carriers,  432 
Connective  Tissue,  Haemosiderin  in,  620 
Conorhinus,  see  Triatoma 
Conquintay,  77 
Conservancy,  128  sqq. 

Military,  132-3,  136,  138,  141 
Native,  128  sqq.,  135,  140,  14l,  143 
for  Outlying  Districts,  432 
Travelling,  134-5,  141 
Urban,  158  sqq. 

Conservancy  Staffs  ;  Housing,  176 
Constipation,  Camel-Riding  causing,  33 
Drugs  for,  34 
Infantile,  24 

at  Teething,  262 
Treatment,  263 
Stool-consistence  in,  573 
Constrictions,  Abdominal,  606 
Contact  Heat  of  Air,  Protective  Clothing 
against,  15 

Contract,  Disposal  by,  of  Horse  Manure,  203 
Convalescence,  Diet  in,  248,  249 
Convalescents,  Serum  of,  used  in  Diseases 
from  which  recovering,  632  • 
Conversions  of  Solutions  and  Temperature 
Scales,  Formulae  for,  502 
Cook-Houses,  Aspect,  Screening,  Ventilation, 
and  Equipment  of,  63-4 
Otway  type,  63 
Cookery  Books,  32 
for  Invalids,  245 
Cooking  Areas  in  Camps,  63 
Oils,  81 

Utensils,  Disinfection  and  Cleansing  of, 
90 

Inspection,  89-90 

in  Poisoning  Cases,  799,  801,  802 
Water  Allowance  for,  110,  123 
Waters  Suitable  for,  97-8 
Cooks,  Native  ;  Use  by,  of  Doubtful  Meat  or 
Fish,  89 

Cooling  of  Drinks  and  Fruit,  26,  245 
Coolness  in  Houses,  Means  of  Securing,  40, 
41,  45,  46,  53-4,  60,  242 
of  Water,  how  Secured,  101,  109 
Cooling  Lotions,  256 
Cooper’s  Dip,  192 


Copper  Cooking  Utensils,  Examination  of,  in 
Poisoning  Cases,  799,  802 
Poisoning  by,  804 

Foil,  Cleansing  Method  (Hankin’s),  809 
Copper  in  Poisoning  Cases,  804 
Emergency  Treatment,  270 
Search  for,  and  Tests,  802,  822,  827,  829, 

830 

Separation  from,  of  Arsenic,  832 
Copper  Sulphate 

as  Cattle-Poison,  804- 
for  Destroying  Algae,  110 
as  Larvicide,  400 
in  Phosphorus  Poisoning,  270 
Copperas,  Green,  220 
Copperhead  Snake,  709 
Copra,  82 
Itch,  192 

Coral  Rock  for  Building,  37 
Coral  Snakes,  American,  see  Elaps 

Indian,  see  Callophis,  Doliophis,  and  Ilemi- 
bungarus 

Coralline  ;  Preparation  and  Use,  505 

Coramour,  73 

Cor  chorus  olitorius,  81 

Cordeauxii  edulis,  82 

Cordite  Tubes,  504,  505 

Cordylobia,  Classification  by  Larval  Habits, 
435 

anthropophaga,  444 

Myiases  due  to,  436-7,  444 
Corethra  Larvae,  326 
Corethrinae,  325 
Corixidae,  311,  324 
Cork  Mattresses,  28 
Cork  Stone  for  Wall  Protection,  40 
Corking  of  Rubber  Tubing,  501 
Corks  for  Specimen  Tubes,  488,  489 
Corneal  Ulcers,  Bacteria  and  Fungi  of,  569 
Cornet’s  Forceps,  523 
Cornflour,  76 
for  Infants,  262 
for  Invalids,  249 
Corps  en  pessaire,  in  Blood,  546 
Corps  en  anneau,  in  Blood,  546 
Corpses,  Disinfection,  Embalming,  and  Dis¬ 
posal  of,  221,  235,  236^  237,  238 
Unburied  and  Unburned,  Treatment  of, 235 
Corrosive  Poisons,  Search  and  Tests  for,  799, 
800,  803,  804 

Corrosive  Sublimate,  as  Disinfectant,  &c., 
217,  277 

in  Poisoning  Cases,  Action  on  Stomach 
Lining,  803 

Corrugated  Iron  for  Buildings,  Roofs,  Table- 
tops,  &c.,  37,  61,  67,  196 
Cortex  of  Kidney,  Post-mortem 
Colour  and  Thickness,  607 
Haemorrhages  in,  Indications  from,  607 
Coryphaenidae,  Edible,  73 
Cots,  Infants ;  Protection  from  Mosquitoes, 
&c.,  259 

Cotton  Mouth  Snake,  see  Ancistrodon  piscivorus 
Cotton  Seed  Oil,  81 
Cotton  Underwear,  14 
Cough ;  Nurses’  Record,  244,  251,  266 
in  Phthisis,  266 
Mixture  for,  266 
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Counterstains,  524,  525,  527  et  alibi 
Courdoud,  278 

Courtyards,  Subsidiary  Buildings  in,  Prohi¬ 
bition  of,  62 

Cover-Glasses,  Care  of,  499,  500 
Cover-Slip  Preparations  of  Blood  Films,  535 
Covers  for 
Filters,  120 
Garbage  Carts,  182 
Latrine-Seats,  134-5,  165 
Latrine  Smoke  Box,  138 
Refuse  Receptacles,  181 
Sanitary  Pails,  147,  154-6 
Storage  Tanks,  120 
Cowdung  for  Walls  and  Floors,  61 

with  Ant-Heap  Earth,  for  Floors,  191 
Cows 

Milk  of,  69 

Analysis,  70,  71 
Composition,  260 
Dilution,  261 
for  Infants,  23-4 
Lime-Water  in,  261 
Standards  for,  70 
Substitutes,  248 

Scavenger  Habits  of,  in  the  Tropics,  70 
Crab-Holes,  Mosquitoes  Breeding  in,  341 
Crab-Louse,  291,  297 
Crabs,  271 

Craig’s  Method  of  Preparing  Museum  Speci¬ 
mens,  621 
Cream,  260  n.,  261 

from  Buffalo  Milk,  in  India,  70 
Crapaud  de  mer,  795 
Crawford’s  Phlebotomus- Repellant,  373 
Cremation,  235,  236 
Crenations  in  Blood  Films,  545 
Crenothrix  in  Water,  99,  119 
Creolin,  as  Disinfectant,  217 
in  Poisoning  (Suicide),  820 
Creosote  as 

Disinfectant,  192,  197 
Louse-Repellant,  299,  308 
Mould-Preventive,  494 
in  Poisoning  Cases,  820 
Creosote  Oil,  197 

for  Preventing  Fly-Breeding  in  Carcasses, 
438 

Creozone,  as  Insecticide,  277 
Cresol  as  Disinfectant,  Disinfestant  and  Fumi¬ 
gant,  35,  82,  144,  147,  164,  166, 
181,  197,  207,  217,  221,  229,  235, 
269,  300,  307,  399,  434,  500 
Drums  ;  Sanitary  Uses,  152,  181 
Cresol-Kerosene  Spray  for  Manure  Dumps, 
198 

Cresoi-Red  as  Indicator,  503 
Cresols,  the,  217 
in  Poisoning  Cases 
Odour  of,  820,  821 
Tests  for,  820,  821 
Cresylic  Acid,  217 
as  Fly  Spray,  207 

Cresylol  of  Soda  to  Destroy  Maggots,  204 
Crevices  (Chinks,  Cracks)  in  Walls  &c., 
Protection  against  Insects,  40,  59, 
194,  374 
Crickets,  273 


Criminal  Poisoning,  see  Homicidal  Poisoning, 
see  also  Chemical  Investigation  of 
Medico-Legal  Cases 
Crithidia  found  in  Flies 
calliphoree ,  431 
of  Leishmania  tropica,  430 
muscae-domesticae,  431 
Crocodile  Hosts  of  G.  palpalis,  469 
Cropper  and  Row’s  Method  for  Concentrating 
Entamoeba  Cysts,  in  Stools,  577 

Crops  for 

Drained  Tidal  Land,  391 
Trenching  Grounds,  167 
Crotalinae,  684,  685.  687,  690,  693,  707,  708 
712 

Absent  in  Africa,  703 
American,  691,  693,  707,  708,  712 
Classification,  690 
Habitat,  690,  691,  693 
Rattling  and  Non-rattling,  690 
Habitat,  691,  693,  699,  707,  708,  712 
Indian,  697 
Lethality,  684,  691 
Loreal  Pit  in,  684:  685,  687 
Crotalus 

American  Genus,  708,  712 
Lethality,  691,  757 
Species 

adamanteus,  Venom,  M.L.D.,  743 
cerastes ,  712 
confluentus,  713 

Dried  Venom  Yield,  731 
durissus,  713 

Dried  Venom  Yield,  731 
horridus,  713 
Antivenene,  760 
lepidus,  712 
mitchellii,  713 
polystictus,  714 
scutulatus,  713 
terrificus,  714 
tigris,  713 
triseriatus,  713 
Venom,  741 

Physical  Characters,  737 
Toxic  Elements,  745,  746 
Crotin,  764,  777,  788 
Croton  as  Arrow-Poison,  766,  767,  769 
Croton  Oil  in 

Arrow-Poison,  767,  769 
Fly-Poison,  209 

Poisoning  Cases.  Separation  of,  and  Tests 
for,  800,  815,  837,  842,  843 
Croton  tigliurn  in  Arrow-Poison,  769,  773 
Fragments  and  Seeds  in  Poisoning,  777,  815 
Croup,  250,  264 
Crustacea,  271 
Crude  Oil  ;  Uses,  433,  434 
Crying  of  Infants,  260 
Cryptocerata,  311 
Crystals,  in 
Sputum,  570 
Stools,  576 
Urine,  583-4 
Ctenocephalus,  483 
canis,  481,  482 
felis,  481,  482 
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Ctenophthalmus,  484 
asgyrtes,  481 
Ctenopsylla,  484 
musculi,  481 
Culex,  357,  359,  360 
Species 

bigoti  ( Lutzia ),  360 
concolor  ( Jamesia ),  360 
Larvae,  336 
fatigans,  360,  361 

Association  with  Disease,  343,  361 
Breeding-Places,  340 
Eggs,  Number  laid,  340 
gelidus,  Flights  of,  409 
janitor,  Breeding-places,  341 
microannulatus,  343 
pipiens,  360,  361 

Breeding-Places,  340 
Plasmodium  prascox  in,  343 
quinquefasciatus,  343 
sitiens,  Breeding-Places,  409 
Flight,  409 

Plasmodium  prascox  in,  343 
tigripes  (Jamesia),  360 
Culicella,  359 
Culicidae,  273,  325,  326 

Collection  and  Preservation,  490 
References,  365 
Culicinae,  325,  326 

Association  with  Disease,  341,  361,  373 
Bionomics,  337  sqq. 

Biting,  Act  of,  327-8 
Times,  337 

Breeding-Places,  340-1,  409 
Classification,  344 
Eggs,  333,  334 
Flight-Range,  337,  409 
Food,  339 
Forest  Species,  340 
Hibernation,  339 
Larvae,  332,  334,  336,  344 
Anti-Mosquito  work  on,  389 
Predaceous  and  Preyed-on,  341 
Life  History,  333  sqq. 

Prophylaxis  ( see  also  Mosquito  Coritrol), 
343 

Pupae,  333 

Enemies  of,  341 
Structure 

External,  326  sqq. 

Internal,  331  sqq. 

Culicini,  328,  344,  356 
Culiciomyia,  361 
nebulosa,  361 

Culicoides,  189,  377,  378,  379,  380 
Collection  and  Preservation,  490 
Haunts,  490 

Prevention  and  Destruction,  194,  195 
Species 
furens,  379 
grahami,  379 

kiefferi;  Life-History,  377 
maruim,  379 

.  mihar ai  ;  Pathogenicity,  381 

molestus,  379 

pasrense  (Haematomyidium),  379 
phlebotomus,  379 
pulicaris,  379 
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Culicoides,  coni. 

Species,  coni, 
varipennis,  379 
varius,  379 
Culicoidinae,  375 
Culiseta,  359 
Cultivation  of 

Reclaimed  Tidal  Lands,  391 
Trenching  Grounds,  167 
Culture  Making  with  Small  Quantity  of 
Inoculum,  518 

Culture  Media,  Preparation  and  Use,  502  sqq. 
Agar,  508 

Preparation,  509 
Blood  and  Serum  Smeared,  512 
Buchanan’s  Glucose  Neutral  Red,  516, 596 
Defibrinated  Blood,  513 
Dieudonne’s  Blood  Alkali,  512 
Glucose,  509 
Glycerin,  509 

Human  Plasma  Glucose,  514 
McConkey’s  Bile  Salt  Neutral  Red,  517, 

592,  603 

Semi-solid  for  Preservation  of  Stock 
Cultures,  512 

Serum  Agar,  Telluric  Acid,  516 
Trypagar,  510 
Gordon’s,  510 
Trypsin,  509, 

Young,  for  Flagella  Staining,  525 
Alkali  Starch  for  Isolation  of  V.  choleras, 
517-18 
Alkaline,  511 

for  B.  tuberculosis  from  Sputum  and 
Faeces,  520 

with  Bile  Salt  Basis,  for  Enterica  Group 
Organisms,  554 

Broths 

Glucose,  508 

Glycerin,  508 

Hormone  Gelatin,  512 

McConkey’s  Bile  Salt  Neutral  Red,  516, 

593,  594 

Nutrient,  507,  553 
with  Meat,  507 
Ox  Blood,  508 
Sugar-free,  508 
Trypsin,  509 
C.  R.  Milk,  514 

for  Differentiating  Organisms  of  the 
Enterica-Dysenteriae  Group,  516, 
517 

Dean  and  Mowat’s  Egg,  520 

Dorset’s  Egg,  514 

for  Entamoeba  histolytica,  520 

Glycerin  Potato,  514 

for  Gonococci  from  Urine,  514,  587 

Hiss’s  Serum  Water,  513 

Hormone,  511 

Gelatin  Broth,  512 
Indicators  for,  503,  522 
Inoculation  of,  533 
Litmus  Milk,  514 
Loffler’s,  511 
for  Malaria  Parasite,  519 
Nasgar,  511,  565,  587 
Novy  Macneal’s,  513 

Nicolle’s  Modification,  513 
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Culture  Media,  cont. 

for  Organisms  from  the  Blood,  553 
for  Pathological  Fluids,  565 
Peptone  Solution,  510 
for  Pfeiffer’s  Bacillus,  641,  642 
Row’s  Haemoglobinized  Saline,  513 
Sabouraud’s  Glucose,  516 
Maltose,  516 

Special  Tests  for  Differentiating  Organ¬ 
isms,  521-2 
for  Spironemata,  519 
Stock  ;  Preservation,  512 
Storage,  496,  502 
for  Trichomonas  intestinalis,  521 
Vedder’s  Starch,  513 
Vitamine  Fluid,  512 
Wertheim’s,  516 

Cultures,  Aerobic  and  Anaerobic  ;  Prepara¬ 
tion,  518 

of  Pathogenic  Organisms,  592  sqq.  passim 
of  Spleen-material  (Post-mortem),  607 
Cumarawa,  Arrow-poison,  768,  773 
Curare  in  Poisoning  Cases,  843 
in  Sui  Needles,  815 

Curari,  Arrow-Poison,  768,  769,  770,  773 
Curarin,  in 

Arrow-Poison,  773 

Poisoning  Cases  ;  Tests,  843,  851,  853 
Curdled  Milk  ;  Preservation,  92 
Curds,  248 
Curin  in 

Arrow-Poison,  768,  772 
Poisoning  Cases,  843 
Curschmann’s  Spirals  in  Sputum,  570 
Custard  Puddings,  262 

Cutaneous  Affections,  see  under  Main  Names 
Parasitic  ;  Investigation,  588  sqq. 
Cutler’s  Media  for  Cultivation  of  Entamoeba 
histolytica,  520 

Cutting  of  Tissue  Sections,  617 
Cyamopsis  psoraliodes,  78 
Cyanide  Insect-killing  Bottles,  488 
Cyanide  Process  of  Ship  Disinfection,  229 
Cyanides  in  Poisoning  Cases,  820 
Detection  by  Odour,  803 
Early  Examination  Essential,  819 
Tests,  799,  803,  818,  819 
Cyanofumer  Machines 
American,  230 
Liston  Pattern,  231  sqq. 

Cyanogenesis  in  Plants,  786 
Cyanogenetic  Glucosides,  Tests  for,  820 
Properties  of  Manihot  utilissima,  and 
Phaseolus  lunatus,  783,  786,  787 
Cybium  commersonii,  73 
Cyclops  in  Well-Water,  111 

Invertebrate  Host  of  Dracunculus,  271 
Cyclorrapha  (Diptera),  274,  456,  473 
Cylindroids  in  Urine,  586 
Cyllin 

Solution  for  Barbers’  Instruments,  235 
as  Source  of  Carbolic  Acid  in  Tropics, 
820 

Cyncmchum  macrophyllum,  772 
Cynodon  dactylon,  59, 

Cyprinidae,  75 
Cyprinodon,  341 

Cyprinodontidae  ;  Larvivorous,  34 


Cysticercus,  in  Bile-Ducts,  610 
Infestation  of  Pigs,  68 
Species 

cellulosse,  in  Urine,  587 

Hydatid  Cysts  of,  in  Spleen,  607 
Cystin,  in  Urine,  584 
Cystisin,  in  Poisoning  Cases  :  Test,  852 
Cystitis ;  Treatment  by  Vaccine,  646 
Cytological  Examination  of  Cerebrospinal 
Fluid,  565 

Cytolysins  in  Venoms,  738,  739,  741,  742,  747, 
748,  749,  750,  752 
Czaplowski’s  Fuchsin,  577 

for  Staining  of  Protozoal  Parasites,  intra 
vitam,  532 

DADHI,  92 
Daisy  Fly-killer,  209 
Dajahsch,  Arrow-poison,  769,  773 
Dal,  77 

Damoor  Cotton  Cloth,  15,  16 
Damp,  in  relation  to  Foundations,  39^10 
Damp-Proof  Course  for 
Houses,  40 
Huts,  61 
Dams,  95 

Daniels’s  Method  of  Staining  Old  Blood 
Films,  531 
Dankali,  80 

Dark  Ground  Illumination  for  Microscopic 
Work,  497-8,  599,  645 
Slides  for  use  with,  498,  499 
Darnall  Siphon  Filter,  113 
Darnel,  Bearded,  782 
Dart  Poison,  769,  773 
Dasyhelea,  378,  380 
cincta ,  380 
griseus,  380 
Dasypeltinae,  689 
Date  Palm,  83 

Stems  as  Conduits,  109 
Dates,  23,  83 
Datura  alba,  777,  811 
arbor ea,  811 
fastuosa,  777,  812 
ferox,  811 
metel,  811 
sanguinea,  811 
Stramonium,  777,  811,  812 
tatula,  777 

Datura  Poisoning,  111,  798,  804,  805,  811,  837 
Leaves  in,  813 
Seeds,  804,  805,  811-13 

Microscopical  Search  for,  799,  813 
Tests,  799,  802  sqq. 

Treatment,  778 
Davidson  Fly-Cage,  210 
Dawa,  76 

Daylight,  Diffuse,  Bactericidal  Action  of,  213 
Dead,  the,  Disposal  of,  235  sqq. 

Bodies ;  Disinfection,  221 
Dean  and  Mowat’s  Egg  Culture  Medium,  520 
Death  Adder,  714,  715 
Fish  of  Hawaii,  791 

Death,  Leucocytosis,  Terminal,  before,  542 
Death  Time  in 

Cobra  Bite,  743,  Table,  745 
Other  Venoms,  745 
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Death  Time,  cont. 

Mean,  for  each  mgm.  of  Venom  In¬ 
jected  by  Snake-Bite  734, 
Curve  736 

Decalcification  of  Tissues,  616 
Decaying  Vegetable  Matter,  Organisms  from 
carried  by  Flies,  432 
Decinormal  Solutions,  503 
Decolorizing  Agents  in  Staining,  524,  526, 
527,  529,  532,  618 

Decomposition  of  Meat ;  Causes,  and  Tests, 
90,  91 

Deep  Fosse  for  Defaecation,  129,  152 
Water,  Finding  of,  98 
Well  Water,  Classification  of,  97,  98 
Wells,  Protection  of,  106 
Defaecation  Areas,  128-9,  132 
Defects,  Physical,  Medical  Examination  for, 
of  Infants,  264 

Defibrinated  Blood  for  Checking  Haemorrhage, 
632 

Blood  Agar,  513 
Dehydration  Methods,  618,  619 
Deinocerites,  344,  357,  359 
cancer ;  Breeding-places,  341 
Dejecta  in  Poisoning  Cases ;  Collection  and 
Preservation,  799,  801 
Examination  and  Tests,  807 
Delafield’s  Haematoxylin,  588 
Delhi,  Cold-weather  Houses  for,  47 
Delirium,  244 
Delphinin,  798,  850 

Tests  for,  851,  852,  853 
Delphinium,  813 

staphisagria,  798,  850,  853 
Delphinoidin,  853 
Delphisin,  853 
Demodex  folliculorum,  272 
Demodicidae,  272 
Demuth’s  Dip,  192 
Dendraspis,  701,  702 
Habitat,  692,  702,  703 
Species 

antinorii,  703 
augusticeps,  702 
viridis,  702 

Dendropeedium  (Anophelini),  346 
Dengue,  373 

Insects  associated  with,  343,  361 
Leucocytosis  in,  543 
Leucopenia  in,  542 
Denisonia ;  Habitat,  692,  715 
Dental  Caries,  20 
Floss,  19,  34 
Hygiene,  19,  34 

Dentition,  as  affected  by  Artificial  Infant 
Foods,  Panama,  24 

Dentition  Characters  of  Ophidia,  684,  685 
Deodorants,  212,  218,  220 
Depilatories,  Arsenic  in,  808 
Dermacentor,  281,  284,  289 

Identification  of  Species  286,  289,  290 
Species 

electus,  284 
occidentalis,  285 
reticulatus,  284,  289 
variabilis,  284 
venustus,  275,  285 


Dermacentor,  cont. 

Species,  cont. 
venustus,  cont. 

Pathogenicity,  274,  281,  282,  284,  285, 
286,  289 

Prophylaxis,  286 

Dermal  Myiasis,  435  sqq.  438,  439,  441,  588 
Dermatites 

Acarine,  191-2 

of  Ankylostomiasis  (Post-mortem),  606 
Chronic,  Solar,  Lymphocytosis  in,  4 
Granular,  Equine,  Fly-Caused,  431 
Dermatohia 

Eggs,  and  Vertebrate  Hosts,  441,  442 
Insects  Spreading,  362,  441,  442 
Larvae 

Habits ;  Effects,  441  sqq.,  588 
Classification  by,  435 
Native  Treatment,  444 
Removal,  443-4 
Species 

cyaniventris,  362,  441,  588 
hominis,  362,  441 
noxialis,  441 

Dermatophiliasis,  Fleas  associated  with,  485 
Dermatophilus  penetrans,  481,  483,  486 
Collection  and  Preservation,  493 
Extraction,  493,  588 
Pathogenicity,  485,  588 
Prophylaxis,  18 

Derris  elliptica,  as  Larvicide,  399 
Desert  Regions,  Dry,  Bare,  Disposal  in,  of 
Excreta,  132 
Desmodus  rufus,  189 
Dessication  by  Sunlight,  213 
Destruction  of 

Organic  Matter  and  Search  for  Residual 
Metallic  Poison,  799,  822  sqq. 
Vermin,  189  sqq. 

Detarium  senegalense,  773 
Detoxicated  Vaccines,  642-3 
Deuteroanopheles,  346 
Dhais,  260 

Training  of,  240,  268 
Dhal  for  Porridge,  247 
Dhaman,  used  by  Snake-Charmers,  719 
Dhome,  782 

Diabetes,  Breath-Odour  in,  251 
Urine  in,  Odour,  580,  583 
Test,  583 

Diacetic  Acid  in  Urine,  Test  for,  583 
Diagnosis 

Agglutination  Test  in,  547  sqq. 

Differential  Leucocyte  Count  in,  544 
Microscopical,  495,  564 

in  Poisoning  Cases,  799,  813,  815 
Diagnostic  Indications  from  Pathological 
Fluids,  564  sqq. 

Importance  of  Polymorphonuclear  Leuco¬ 
cytosis,  543 

Dialysis  in  Extraction  of  Corrosive  Poisons, 
800 

Diamphidia  locusia  Larvae,  as  Arrow-Poison, 
767 

Diarrhoca(s),  Causes,  20.  91,  128,  236 
Drugs  for,  34 
Flagellate,  Stools  in,  574 
Foods  and  Drinks  in,  245,  246,  249,  262 
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Diarrhoea(s),  cont. 

Infantile,  20,  24,  264 
Fly-Spread,  432 
Foods  for,  262 
at  Teething,  262 
Treatment,  263 
Profuse,  Polycythaemia  in,  539 
Stools ;  Consistency,  574 
Flagellates  in,  576 
Nurses’  Report,  252 
Diazo  Reaction,  Ehrlich’s,  for 
B.  typhosus,  592 
Urine,  583 

Diemenia;  Habitat,  692,  715 
Species :  textilis,  714 

Diet  ;  Caste  and  Race  Restrictions,  247,  267, 
718 

of  Children,  European  in  Tropics,  25 
at  Teething,  262 

Daily,  Scale  of,  required  for  Ordinary  Work 
in  India  (Ghosh),  22,  Table ,  23 
Mosaic  Law  on,  Races  obeying,  267 
in  relation  to  Oral  Troubles  in  Indians,  19-20 
Relapse  in  Dysenteries,  266 
Table  of  Food  Stuffs  for  Calculating,  265 
versus  Drugs  for  Bowel  Regulation,  20 
Dietetic  Preparations  and  Drinks  for  Invalids, 
245  sqq. 

Dieudonne’s  Blood  Alkali  Agar  for  V.  choleras, 
512,  594 

Differential  Staining  of  various  Protozoa, 
516,  531,  532,  533 
Differentiation  of  Organisms 

of  the  Enterica-dysenteriae  Group,  Culture 
Media  for,  516-17 
Special  Culture  Tests,  521-2 
Digestion,  26 

Effects  on,  of  Climate,  5,  21 
Digestive  Ferments  in  Venom,  725,  739,  741 
Nature  of,  748 

Dighis,  for  Water  Storage.  108 
Digitalin,  843 
Digitalis  in 

Aconite-Poisoning,  766 
Datura-Poisoning,  778 
Groups,  Glucosides  of,  837 
Poisoning,  769,  773 

Emergency  Treatment,  270 
Dika  Oil,  81 
Diluting  Fluids  for 

Estimation  of  Red  and  White  Blood 
Cells,  541 

Standardization  of  Vaccine  Emulsion,  621 
Dilution  of 
Milk,  261 
Rivet  Waters,  95 

Dilutions  for  Vaccine  Standardization 
(British  Army),  645 
Dioscorea,  80 
hirsuta,  772 
saliva,  80 
Dioscoraceae,  772 
Dioscorein,  772 
Dip  Springs,  96 
Diphtheria 

Causal  Organisms  ( see  also  B.  diphtherias), 
Isolation  of,  569,  595-6 
Diagnosis,  in  the  Tropics,  568-9 


Diphtheria,  cont. 

Diagnosis,  cont. 

Stains  for  Cultures,  595 
Differentiation  from,  of  Vincent’s  Angina, 
568 

Disinfection,  234 
Fly-Spread,  432 
Hoarseness  in,  250 
Membrane-Taking,  252 
Nasal,  568 

Serum  Prophylaxis,  623,  626,  628 
Sputum  ;  Precautions,  251 
Treatment  by 

Serotherapy,  626,  628-9 
Sero-Vaccine,  636 
Diphtheria  Antitoxin 
Dosage,  628 
Preparation,  625 

Diphtheroid  Bacilli,  Skin  Lesions  due  to,  591 
Diplococci,  &c.,  of  the  Eye,  569 

Gram-negative, Castellani’s  Absorption  Test 
for,  551 

Indication  of  Cerebrospinal  Fever,  596 
Diplococcus  gonorrhoece,  on  Flies,  430 

intracellular  is  meningitidis ,  possibly  Fly- 
borne,  431 
Diplopoda,  274 

Dipping  of  Cattle  for  Tick  Eradication,  286 
Dips,  Anti-Termite,  for  Wood,  192 
Dipsadinae,  685,  690 
Diptera,  see  also  under  Names 

Families  associated  with  Disease,  273-4 
Larvae  of,  Lesions  and  Tumours  due  to,  588 
Nematocerous,  273,  324 
Economic  Importance,  324 
Non-Blood-Sucking,  420-48 

Anatomical  Features  bearing  on  Disease 
Transmission,  422 

Association  with  Disease,  420,  426  sqq. 
Evidence  of  Disease  Transmission, 

429  sqq. 

Bionomics,  426 

Breeding-Places,  420,  423,  424,  426, 

432,  433 

Prophylaxis,  434 

Causing  Disease  or  Injury,  420,  435-48 
Character  of  Damage  and  Species 
involved,  435 
Classification,  421 
Definition  of  Group,  420 
Destruction  by,  of  Protozoa,  428 
Eggs,  421 

Micro-Organisms  found  on,  and  in,  429, 

430 

Flight-Range,  422,  428,  434 
Hibernation,  422 
Larvae,  421 

Deposited  in  Neglected  Wounds,  or 
Natural  Openings  of  Body  and 
Burrowing  into  Tissues,  435,  436 
Lethal  Powers  of,  as  to  Micro-Organisms, 
428 

Living  in  Subcutaneous  Tissue,  435, 

441 

Micro-Organisms  Conveyed  by,  429,430 
Passing  through  Alimentary  Canal, 
435,  445 
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Diptera,  cont. 

Non-Blood-Sucking,  cont. 

Larvae,  cont. 

Sucking  Blood  through  Punctures  in 
Skin,  435,  446 
Length  of  Life,  421 
Life  History,  421 

Micro-Organisms  Conveyed  by,  in  all 
Stages  of  Development,  429  sqq. 
Migration  Limits.  422 
Parasitic  Organisms  common  in  various 
Species,  431-2 
Sources  of,  432 
Prophylaxis 

Palliative,  432,  434 
Preventive,  432  sqq. 

Disposal  of 
Carcasses,  433 

Human  Excreta,  129,  132  sqq. 
Pupae,  421 
References,  448 

Species,  List  of,  420,  see  also  ■ Names 
Structure,  421 

Wound- Infection  by,  433,  435,  436 
Parasitic,  of  Mammals  and  Birds,  461 
Specimens,  Transmission  of,  488,  489 
Dirofilaria  immitis ,  Mosquitoes  Harbouring, 
343,  361 

repens,  Mosquito  Harbouring,  343 
Disease-Bearing  Insects,  Large  Collections  of, 
Desirable,  487-8 
Disease  Transmission 

Association  with,  Actual  or  Suspect  of 
Acarinae,  272 
Bed-bugs,  317 

Blood-Sucking  Nematocera,  341,  373, 
380,  387 

Bugs,  309,  319,  321 
Chironomidae,  380 
Fleas,  481,  482,  483,  485 
Lice,  298  sqq. 

Mosquitoes,  341  sqq. 
Non-Blood-Sucking  Diptera,  420  sqq. 

Structural  Features  bearing  on,  422 
Phlebotomus,  373 
Simuliidae,  387 
Tabanidae,  418 

Ticks,  274,  275,  277,  279,  280,  281,  284, 
285,  286,  288,  289,  309 
Conditions  facilitating,  128 
Disfigurement,  Avoidance  of, in  Post-mortems, 
604-5 

Dish-Washing  Tables,  for  Camp  Kitchens,  64 
Disinfectants,  212,  213 
Chemical,  213,  216 
Laboratory,  500 
Physical,  213 

for  Post-mortem  Work,  604 
Disinfection,  212  sqq. 

Methods  passim 
of  Bed-Pans,  252 
of  Soiled  Linen,  in  Illness,  242 
of  Stools,  132,  133,  et  alibi,  jiassim,  244 
Disinfectors,  214,  216,  300 
Tests,  216 

Disinfestation,  212,  216,  299,  300 

AllDPY  Q(I7 

of  Clothing,  Bedding,  &c.,  300 


Disinfestation,  cont. 

by  Fumigation,  221,  225 
of  Person,  299-300 
of  Hair,  299 
Methods,  299 
Organized,  299,  307 
by  Steam,  214 

Streaming,  215,  216 
Apparatus  for,  216 
Under  Pressure,  215,  216,  301 
Disinfestation  Trains,  301,  308 
Disinfestors,  216,  300,  301,  302,  306,  308 
Disodium  Nutrient  Hydrogen  Phosphate 
Solution,  Preparation  of,  515 
Dissections,  Microscopical,  499 
Dissecting  Needles,  Improvised,  499 
Dissecting  Troughs,  Improvised,  499 
Distillation  of  Water,  111 

Test  for  Volatile  Poisons,  799,  800,  817 
Distilled  Water,  93,  97,  111 

Adventitious  Material  in,  Mistakes  due 
to,  in  Blood  Films,  547 
for  Stains,  523  sqq.,  passim 
Distira,  716,  717 

Habitat,  690,  692,  717 
Species 

cyanocincta,  717 
semperi ,  690 

Distoma  hepaticum  in  Bile-Ducts  (Post¬ 
mortem),  610 

Distomiasis,  Eosinophilia  in,  543 
Diverticula,  611 
Dixidae,  325 

Doctor,  the,  in  the  Tropics,  Qualifications 
needed  by,  239-^10 

and  Nurse,  Relations  between,  240,  241 
Visits  ;  Nurses’  Record,  245 
Doctor  Fish,  794 
Dog-faced  Rattle  Snake,  714 
Dog-Filariae,  Mosquitoes  Harbouring,  343,  361 
Dog-Flea,  481,  482,  484,  485 
Dog-Ticks,  275,  284,  286 
Dogs ;  Average  Rectal  Temperature,  534 
Fleas  of,  481,  482,  484,  485 
Hunting,  of  Bediyas,  718 
Pariah,  236 

Tapeworms  of,  Flea-Transmitted,  485 
Dolichos  biflorus,  78 
lablab  vulgar e,  78 

Doliophis,  Characters,  694,  696,  697 
Habitat,  692,  697,  698 
Species 

bilineatus,  697 
bivirgcitus,  697 
intestinalis,  697 
philippinus,  697 
Domed  Roofs,  61 

Domestic  Mammals,  Ticks  Infesting,  which 
pass  to  Man,  274,  275,  279,  281, 
284,  285,  286,  288,  289 
Remedies,  Warning  on,  264,  265 
Storage  of 
Food,  89 
Water,  108 
Waste  Water,  110 
Characteristics,  122 

Collection,  Removal,  and  Disposal  of, 
122  sqq. 


GENERAL  INDEX 


Domestic,  cont. 

Water-Filters,  114,  115 
Water  Requirements  per  Head,  109,  110 
Donogany’s  Test  for  Blood  in  Urine,  581 
Doors,  Insect-proof,  for  Anti-Variolous 
Vaccine  Establishment,  663 
Methods  of  Fitting  for  Mosquito-Exclusion, 
53,  56,  57,  58 
and  Windows,  38 

Protection,  to  secure  Night  Ventilation, 
39 

Shuttering,  46 

Dorset’s  Egg  Culture  Medium,  514 
Doses,  Directions  for,  253 
Double  Pails  for  Latrines,  147 
Roof(s),  40-1,  45 

Ridge  Tent  with,  Mosquito-Net  for,  28, 
29 

for  Veranda,  42 

Strength  Meat  Extract,  Preparation  of,  515 
Terai  Hats,  13 
Walls,  40 

Douglas’s  Meat  Digest  Agar,  642 

Trypsin  Broth  and  Trypsin  Agar,  509-10 
Doulton  Filters,  31,  114,  120 
Dover’s  Powder,  Poisoning  by ;  Emergency 
Treatment,  270 
Dracontiasis  or  Dracunculosis 
Eosinophilia  in,  543 
Insect  Causing,  588 

Local  Swellings  of  Tissue  in  (Post-mortem), 
606 

Dracunculus,  98,  271,  588 
Invertebrate  Host,  271 
Dragon  Flies,  273 

Larvae,  Enemies  of  Mosquitoes,  341 
Packing  for  Transmission,  488 
Drain  Pipe  Disinfection,  221 
Drainage,  Anti-Malarial,  388-9,  390  sqq.,  394, 
400 

Cost,  395,  397 
Subsoil,  395,  396,  404 
Tide  Gates,  391 

of  Floors  of  Aerated  Water  Factories,  120 
of  Soil,  122 
Draughts,  47,  57 
Draw-Sheets,  242 
Drawers,  14 

Drawing  and  Measuring,  Microscopical,  499 
Dressings,  244 
Storage,  269 

Umbilical,  for  New-born  Infants,  259 
Dreyer’s  Arc-Light  Method  for  Isolating 
Typhoid-Paratyphoid  Organisms 
from  Faces,  576 

Method  of  Estimating  Agglutinins  in 
Enterica  Infections,  547 
Dribbling,  262 
Dried  Milk,  24 
Drill  Fabric,  15 
Drink(s),  18,  23,  24,  25 

Coloured,  Harmless  Dye-stuffs  for,  121-2 
Effervescent,  Home-made,  245 
Invalids’,  245 

Drinking  Places  in  Rivers,  102 
Drinking  Water 

Daily  Supplies  needed  per  head,  25, 
109,  110 


Drinking  Water,  cont. 

Disinfection,  219 

by  Chlorinated  Lime,  220 
Open  Channels  for,  Danger  of,  109 
Storage,  108 

Tank,  Protection  of,  102 
Travelling  Precautions  with,  112 
Waters  Fit  for;  Classification,  97 
Dropsy,  Chylous,  of  Tunica  vaginalis,  Fluid 
from,  Examination  of,  567 
Peritoneal  Fluids  in,  565 
Drosophila,  445 

confusa,  Parasite  of,  432 
Drowning  of  Manure,  200 
Drug-Habits  of  Native  Servants,  35 
Drugging  Cases  of  Poisoning,  804,  805,  813 
Drug-Taking,  Avoidance  of,  20 
Drugs  for  General  Prophylaxis,  32  sqq. 

List,  34 

Leucocytosis,  Polymorphonuclear,  induced 
by  Certain,  543 
Poisonous 

Bottles  for,  254 
Labels  for,  254 

Weights  and  Measures  used  for,  254 
Substitutes  for,  254 

Drunken,  or  Plate  Fish,  Poisoning  by,  792 
Dry  Climates 

Physiological  Effects,  2 
on  Nervous  System,  5 
Dry  Closets,  58 
Doors,  59 
Ventilation,  53 
Dry  Heat  Fomentations,  258 

as  Physical  Disinfectant,  213,  214,  234 
Drying  of  Horse  Manure,  196 
of  Meat  in  the  Sun,  90 
Dry-Rot  in  Floors,  47 
Dub  Grass,  59 
Dubbin,  31 

Duckering  Pattern  of  Sanitary  Pail,  154 
Ducks,  &c.,  as  Larvicides,  400 
Dudgeon’s  Method  for  Standardization  of 
Vaccines,  643 
Dug  Wells,  103 
Pollution  of,  104 
Dukhn,  76 

Dunbar’s  Method  for  Isolation  &c.,  of 
V.  cholerse,  594 
Dun-flies,  410 

Duodenum,  Post-mortem  Examination  of,  609 
Dura,  76 
Shami,  76 

Durban  Scheme  for  Native  Housing,  62 
Durham’s  Tube,  582,  590,  603 
Durra  Cobs,  as  Poison  Vehicles,  801,  804,  805 
Dust,  Disease-Transmission  by,  128,  132,  184 
Exclusion  from 

Culture  Media,  502 
Food  Stores,  Factories  &c.,  120 
Eye-Protection  from,  14,  24 
Fly-Danger  from,  142,  143 
Sick-Room,  Burning  of,  242 
Dust-bins,  181 
Dust  Storms,  14,  20 

Dwellings  (see  also  Houses,  Huts,  Tents,  &c.). 
Native,  59  sqq. 

Ticks  Infesting,  274,  275 
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Dye-Stuffs,  Harmless,  for  Colouring  Drinks, 
121-2 

Dysentery(ies) 

Amoebic,  see  Amoebiasis 
Bacillary 

Agglutination  Test,  547 
Agglutinins,  Reacting  of,  549 
Antitoxic  Sera  for,  623,  625 
Bowel  Contents  in,  611 
Chronic  and  Subacute,  Treatment  by 
Sensitized  Vaccine,  649 
Sero-Vaccine,  649 
Diagnosis 

Bacteriological,  593 
Serological,  594 
Disinfection,  212 

Enteritis,  Catarrhal  in  (Post-mortem), 
611-12 

Fly-Spread,  432 

Infection  from  Raw  Vegetables,  81 
Prophylaxis 

Inoculation,  27 

Sero-Vaccines  for,  636,  637  sqq. 
Gibson’s,  637  sqq. 

Shiga’s,  637 

Vaccines,  Fully  Sensitized,  639 
Polyvalent,  27 
Stools,  574 
Treatment  by 

Serotherapy,  626,  629-30,  634 
Precautions,  633 
Sero-Vaccines,  636 
Vaccines,  646,  649 

Vaccine  for,  Preparation,  622,  637,  651 
Chronic,  Emaciation  in,  Post-mortem,  605 
Foods  and  Drinks  for,  245,  246 
Infection,  Water-Borne,  99,  112 
Lamblian,  Fly-Spread,  432 
Liver  in,  609 
Nursing,  266 

Organisms  of  ( see  also  B.  dysenteries,  the.), 
in  Water,  93,  95 

Post-Mortem  Indications  of,  609,  611 
Relapse  in,  266,  267 
Spread  :  Means  of,  93,  95,  99,  112,  165 
Stools  in,  252,  574 
Dysodius  lunatus.  Bite  of,  323 
Dyspepsia  ;  ^Etiology,  22,  26 


EAR  LESIONS  ;  Bacteriological  Investiga¬ 
tion,  569 
Ear(s)  see  also  Aural 
Tick  Infesting,  281 
Earth  Burial,  235 
Closets,  152 

Poisons  for  Arrows,  767 
Snakes,  Burrowing,  see  Ilysiidae,  and  Uro- 
peltidse 

Soiled  by  Victims  of  Poison,  Examination 
of,  803 

from  Trench  Grounds  as  Manure,  167 
Earthen  Floors,  61 

in  Prisons,  Objections  to,  63 
Earthenware  Jar-Filters,  120 

Porous  Jars  as  Substitutes  for  Ice  Safes,  89 
Pots  for  Defaecation,  143 


Eartheilware,  coni. 

Vessels  for  Water  Storage 
Glazed,  108 
Porous,  108,  113 
Water  Coolers,  31 
Earthing  of  Horse  Manure,  196-7 
Earthquake-Proof  Buildings,  37 
East  Coast,  or  Rhodesian,  Fever  of  Cattle, 
Insect  Carrying,  286 
Easton’s  Syrup,  Strychnin  in,  788 
Eating  minus  Clothes,  Hindu  Custom,  265 
Eau  de  Javelle,  589 
Eaves,  Extended,  45,  56,  60,  62 
Eber’s  Test  for  Decomposition  of  Meat,  91 
Ecchymosis,  Renal,  608 

Ecchymotic  Patches,  to  be  noted  Post¬ 
mortem,  605 
Echidnin,  741 
Echidnophaga,  483 
gallinaceus,  482 
Echinococcus  in  Urine,  587 

granulosus.  Hydatid  Cysts  of,  in 
Liver,  610 
Spleen,  607 
Echis 

African,  704,  709 
Asiatic,  697,  698,  699 
Bite 

Antivenene  for,  Dose,  Intravenously,  760 
Lethality,  691,  697,  727,  757,  758 
Habitat,  691,  692,  693,  698,  699,  704,  709 
Species 

carinatus,  691,  697,  707,  721 
Bite,  Death-time,  745 
Lethality,  691,  699 
Venerated  in  Egypt,  725 
Venom,  Amount  Compressed  at  Bite 
734 

Dried,  Yield,  730 
M.L.D.,  743 
coloratus,  699,  707 
Venom,  Haemorrhagin  in,  747 
Echites  umbellatci,  789 
Echuja,  768,  772 
Echujin,  768,  772 

Ecto-Parasites  of  Non-Bloodsucking  Flies, 
426-8,  430 
Eczema,  264 

due  to  Head-Lice  in  Children,  298 
EdestinTest  for  Pepsin  in  Gastric  Contents,  572 
Edible  Fishes,  72 

Education  of  Children  in  the  Tropics,  19 
Eels,  Tropical,  Poison  from,  794. 

Efa,  699,  743 

Egg  Culture  Medium  for  Entamoeba  histolytica , 
520 

Egg-Eating  Snakes,  African,  689 
Egg  Plants,  80 
Powders,  69 
Eggs,  69,  77 

Fresh,  Cold  Storage  of,  88 
in  Illness  and  Convalescence,  248 
for  Infants,  262 
and  Milk,  76 
Preservatives  for,  69,  92 
Raw,  248 

White  of,  in  Emergency  Treatment  of 
Carbolic  Acid  Poisoning,  270 


GENERAL  INDEX 


Egypt,  Milk  Standards  for,  70 
Sacred  Snakes,  725 
Egyptian  Cobra,  see  Naia  hajse 
Lentils,  77 
Sakia,  102,  106 
Ehrlenmeyer  Flasks,  516,  603 
Ehrlich’s  Diazo  Reaction  for  B.  typhosus ,  583, 
592 

Haematoxylin  Stain,  529,  532 
Iri-acid  Solution,  620 
Elapechis,  701 
Habitat,  692 
Species 

boulengeri,  702 
decosteri,  702 
guentheri,  702 
liessii,  702 
niger,  702 
sundevalli,  702 
Elapinae,  684,  690 
African,  691,  701 

Synopsis  of  Genera,  701 
American,  690,  691,  707,  708 
Asiatic,  690 

Synopsis  of  Genera,  694 
Australian,  690,  691,  714 
Synopsis  of  Genera,  714 
Elapognathus,  715 
Habitat,  692 
Elaps 

American,  692,  707,  708 
Bites  :  Mechanism,  733 
Habitat,  692,  708 
Species :  fulvitis,  708 
Elastic  Fibres  in  Sputum,  570 
Electric  Battery  in  Acute  Alcohol  Poisoning, 
270* 

Fans,  20,  21,  53-4,  58,  195,  373 
Fish,  Edible,  75 
Light  (Lamps),  53,  373 
Torches,  34,  195 
Electrical  Conditions 
Physiological  Effects,  2 
on  Nervous  System,  5 
Stimulation,  Leucocytosis  after,  542 
Electricity,  for  Indian  Hemp  Poisoning,  776 
Electrolytic  Separation  of  Copper  from  Solu¬ 
tion,  830 

Test  for  Traces  of  Mercury,  825 
Elephantiasis  of 
Limbs,  605 
Scrotum,  605,  608 
Elaeis  guineense ,  81,  85 
Eleusine  coracana,  76 

Eltringham’s  Solution  for  Entomological 
Specimens,  489 

Emaciation,  Diseases  with  which  Associated, 
605 

Post-mortem  Observation  of,  605 
Embalming,  235,  237 
Fluids  for,  237 

Emergency  Treatment  for  Poisons,  269-70 
Emetics  in 

Emergency  Treatment  for  Poisoning,  269, 
270 

Vegetal  Poisoning,  778 
Emotional  Conditions  giving  rise  to  Leuco¬ 
cytosis,  542 


Emphysematous  Bullas,  Post-mortem  Ex¬ 
amination  for,  613 

Empusa,  Inimical  to  Mosquito  Larvae,  341 
papatasii,  372 

Emulsion  of  Anti-Variolous  Vaccine,  674  sqq. 
of  Organisms  for  Vaccines 
Preparation,  621 
Standardization,  621-2 
Emulsions,  Germicidal,  216 
Empyema,  Indication  of,  582 
Enamelled  Iron  Cooking  Utensils,  Ex¬ 
amination  of,  in  Poisoning 
Cases,  802 

Endo’s  Culture  Medium  for  Differentiating 
Organisms  of  the  Enterica-dysen- 
teriae  Group,  516 

Endocarditis,  Brain  Abscess  due  to,  614 
Post-mortem  Examination  for,  612 
Endothelial  Cells  in 
Blood  Films,  540 
Pathological  Fluids,  564 
Endotoxins,  623 

Antibacterial  Serum  as  possibly  Acting  on, 
624 

Enemata,  244,  254 

Administration  by  Nurse,  253 
Nurses’  Record,  244 
Glycerin,  255 
Medicinal,  255,  256 
Nutrient,  254,  255 
Purgative,  254,  255 
Saline,  254,  255,  256 
Energy,  Effect  on,  of  Climate,  10 
England,  Poisonous  Snakes  of,  691,  693 
Enhydrina,  717 
Habitat,  692 
Species 

valakadien,  690,  717 
Venom,  M.L.D.,  743 
Enhydris,  716,  717 
Habitat,  692,  717 
Species 
curtus,  717 

Venom,  M.L.D.,  743 
Entamoeba  coli 

Encysted  Form,  Fly  Conveying,  429 
Non-Stained  by  Neutral  Red,  532 
dysenteric  in  Sputum,  570 
histolytica,  Culture  Media  for,  520 
Cysts  in  Excreta,  128 
Flies  Conveying,  429 
Staining  of,  intra  vitam  Methods  for, 
532 

Entamoebae,  Cysts  of,  in  Stools 
Methods  for 

(a)  Detecting,  577 

(b)  Concentrating,  577 
Films  of,  Fixation  of,  523 

in  Pus  from  Liver  Abscess,  564 
Post-mortem,  609 
Staining  Methods  for,  532 
in  Urine,  587 

Enteric  Fevers  ( see  also  Paratyphoid,  and 
Typhoid),  248 

Bacilli  of,  see  under  Bacillus(i) 
Disinfection,  219 
Immunity  after,  646 
Stools  :  Nurses’  Record,  252 
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Enterica,  Agglutinin  Estimation  in,  547 
Bacilli,  see  also  B.  paratyphosus,  & 
B.  typhosus 

Blood  Cultures,  553,  554,  592 
Differentiation  of,  550 
in  Excreta,  128 
in  Water,  112 

Diagnosis  by  Agglutination  Tests,  547 
Disinfection,  212,  218 
Fly-Spread,  432 
Inoculation  against,  27,  547 
Spread,  Causes  and  Means,  149,  432 
Enteritis  found  Post-mortem,  611,  612 
Catarrhal,  611 
Fly-Spread,  432 
Membranous,  574 

Entomological  Collections,  Making  of,  in  the 
Tropics,  487 

Apparatus  Required  and  General  Instruc¬ 
tions,  488-9 

Collection  and  Preservation  of 
Bed-Bugs,  494 
Diptera,  490 
Fleas,  493 
Lice,  494 
Ticks,  493 
Specimens 

Identification,  Organizations  for,  487 
Labelling,  489 

Large  Series  Desirable,  487-8,  493 
Packing  for  Transmission,  488-9,  494 
Preservation  in  Spirit,  &c.,  489,491,492, 
494 

Entomology 

Arthropoda,  271 
Blood-Sucking  Muscidse,  448 
References,  474 

Blood-Sucking  Nematocera,  324 

References,  365,  374,  381,  385,  388, 
410 

Bugs  (Rhynchota),  308 
References,  324 
Fleas  (Siphonaptera),  474 
References,  487 
Lice  (Anoplura),  291 
References,  308 

Making  of  Entomological  Collections  in  the 
Tropics,  487 
Mosquito  Control,  388 
References,  410 

Non-Bloodsucking  Diptera,  420 
References,  448 
Tabanidae,  410 
References,  419 
Ticks  (Ixodoidea),  274 
References,  290 
Entomophora,  341 
Entrican’s  Latrine  Buckets,  156 

Process  of  Tubing  Vaccine  Emulsion,  676 
Enuresis ;  Causation,  263 
Envelopes,  for  Sending  Certain  Entomological 
Specimens,  488 
Enzymes  in 

Vegetal  Poisons,  786,  787 
Venoms,  738,  739 

Eosin  Alcoholic  Solution  Counterstain,  525 
Mixture,  Mann’s  for  Staining  Rabies 
Material,  602 


Eosin,  coni. 

and  Methylene  Blue  (see  also  Romanow- 
sky’s),  529,  538,  539 
Leucocytes,  see  under  Leucocytes 
Eosinophilia,  543,  564,  565 
Eosinophils,  Absence  or  Diminution  of,  in 
Kala  Azar,  542 
Ephedrin,  852 

Epididymitis,  Gonorrhoeal,  608 
Epinephelus  adscensionis,  793 
Epithelial  Casts,  in  Urine,  586 
Cells  in 
Stools,  576 
Urine,  584 

and  Malignant  Cells,  in  Pathological  Fluids, 
564 

Epithelium  in  Urine,  584 
Equator,  the,  Distance  from,  of  House  in 
relation  to  Roofs  and  Verandas, 
38,  40 

Equines,  Insects  Infesting,  see  Stomoxys, 
Tabanidae,  Ticks,  &c. 

Eragrostis  abyssinica,  76 
Ergot,  in  Haemorrhages,  266 

as  Poison  ;  Extraction  Method,  800 
Eristalis,  Classification  by  Larval  Habits,  435 
tenax,  420 

V.  cholerx  Conveyed  by,  429 
Erysipelas,  Fly-Spread,  432 
Erysipelatous  Inflammation  after  Vaccina¬ 
tion,  680 

Erythema  of  Pellagra,  606 
Severe  ;  Light-Caused,  6 
Erythroblasts,  538 
Erythrocytes 
Abnormal,  538 
in  Anaemic  Blood,  545,  546 
Cracks  or  Fissures  in,  545 
Deformed,  Resembling  Malarial  Parasites, 
546 

Diminution  of,  539 

in  Fresh  Blood  Preparations,  535 

Increase  of,  539 

Normal,  538 

Number  in  Healthy  Adults,  541 
Nucleated,  538 

Number  ;  Estimation  Methods,  541 
in  Urine,  Tests  for,  584 
Vacuoles  in,  Simulating  Parasites,  545 
Erythrolampous  xsculapii,  Bites  of,  683 
Erythrophlcein,  769,  773 
Erythrophleeum  guineense,  769,  773 
judiciale,  769,  773 

Eryx  johnii  used  by  Snake  Charmers,  719 
Esbach’s  Albuminometer,  564,  580 
Eserin,  786 
Esocidae,  73 
Espundia,  568 

Tabanids  suspect  as  Carriers,  419 
Essential  Oils  ;  Fly-Repellant,  195 

in  Poisoning  Cases,  Indications  of,  799, 846 
Estuary  Cat  Fish,  796 

Ether- Chloroform  Extract  ,  in  Tests  for  Poisons, 
844-5 

Ethiopian  Region,  Anopheles  of,  350-2 
Ethyl  Acetate  Test  for 
Alcohol  Poisoning,  820 
Morphin  Poisoning,  842 
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Eucalyptus,  Oil  of,  as  Insect-Repellant,  195, 
485 

Eugenol,  269 

Euphorbia  candelabrum,  769,  772 
cereiformis,  772 
heptagona,  772 
virosa,  769,  772 

Euphorbiaceae,  767,  769,  772,  777,  778,  779, 
780,  782,  788 

Arrow- Poisons  from,  767,  769,  772 
Edible,  80 

Irritant  Acid  Resins  from,  837,  844 
Europe  ;  Poisonous  Snakes,  691,  692,  693 
European  Children,  see  Children 
Houses,  36  sqq. 

Latrines 

Private,  53,  156-8 
Public,  142,  145 
Rat  Fleas,  481,  483 
Troops  on  March,  Equipment  for,  18 
Vipera,  691 

Europeans  ;  Daily  Output  of  Excreta,  153 
Effects  on,  of  Tropical  Climates,  1  sqq. 
Eusimulium,  381 
Evaporating  Lotions,  256 
Ewe’s  Milk,  69 
Analysis,  71 

Excess  Lime  Method  of  Water  Sterilization, 
116 

Excreta,  Human ;  Collection,  Removal,  and 
Disposal,  122,  128,  432,  433 
Separation  Systems,  142,  147-8,  164 
Disinfection,  214,  217,  219 

Corrosive  Sublimate  Useless  for,  218 
Incineration,  142,  147,  169 
Infected,  Snow  and  Ice  Polluted  by,  94 
Insects  Breeding  in,  or  Visiting,  Po¬ 
tential  Disease  Carriers,  195, 
426,  432 

Quantity  of,  Calculation  of,  153 
Water  Pollution  by,  98 
Excreta  of  Louse,  in  relation  to  Disease,  296, 
298-9 

Exercise  in  the  Tropics 
Mental,  18 
Physical,  17 

for  Children,  263 

Physiological  Effects,  2,  4,  5,  17,  250,  542 
Exocoetus,  73 
Exotoxins,  623 
Expectoration,  251 
Exudates,  563 
Cerebral,  614 
Inflammatory,  563 
Pneumococci  Isolated  from,  600 
Pulmonary,  613 
To  be  Noted  Post-mortem  in 
Brain,  614 
Lungs,  613 

Eye-Drops  as  Poison  Vehicles,  804 
Eye  Spots,  545 

Eye  Tests  in  Poisoning  Cases,  815,  843,  851, 
852,  855 

Eye(s),  see  also  Optical 

Action  on,  of  Tropical  Light,  7 
of  Animals,  Inoculation  into,  534 
Hygiene  of,  Boracic  Acid  for,  34 
Inflammation  Caused  by  Cercopid  Bugs,  309 


Eye(s),  cont. 

Lesions  of,  Bacteriological  Investigation  of, 
569 

Myiasis  ;  Causal  Insects,  439,  440 
Nostrils  and  Ears  of  New-Born  Babes, 
Lotion  for,  259 
Protection  of,  14,  34 

Sore,  Organisms  from,  Carried  by  Flies,  432 
Eyre’s  Scale,  503  passim 


FABRICS  for  Clothing,  15,  16,  47 
Facial  Staining,  Post-mortem,  to  Remove,  238 
Faeces,  B.  tuberculosis  from,  Cultivation  and 
Staining,  520,  527 
Chemical  Tests,  574-5 
Examination,  573  sqq. 

Microscopical,  575 

Isolation  from,  of  Pathogenic  Organisms, 
592,  593,  594 

Parasites  in,  Detection  Methods,  575 
Pus  in,  574 

Separation  from,  of  Urine,  142,  147,  164, 
244,  252 

Sunned,  Flies  attracted  by,  143 
Fahrenheit  Temperatures,  to  Convert  into 
Centrigrade,  502 

Fairley’s  Complement  Fixation  Test  for 
Schistosomiasis,  562 

Technique  for  Ice-Box  Method  of  Wasser- 
mann  Test',  559 

Fallopian  Tubes,  Post-mortem  Examination 
of,  608 

Fangs  of  Poisonous  Snakes,  684,  686,  689, 
690,  697 

Elevation  in  Biting,  732,  733 
Extraction  by  Snake  Charmers,  722 
Fannia,  195,  274,  421,  436,  445,  446 
Larvae 

Habits  of,  Classification  by,  435 
Intestinal  Symptoms  due  to,  446 
Species 

canicularis ,  195,  421,  426 
scalaris,  195,  421,  426 
Parasites  of,  431 
Urinary  Myiasis  due  to,  446 
Fans,  Electric,  20,  21,  53-4,  58,  195,  373 
Variously  Driven,  53-4 
Fantass,  109,  116 

Farinaceous  Foods  for  Infants,  261-2 
Farrant’s  Solution,  588,  619 
Fat  in 

Faeces 

Estimation,  575 

Microscopical  Detection  and  Staining, 576 
Tissues,  Methods  for  Demonstrating,  619 
Urine,  584 

Fatigue,  Avoidance  of,  17,  266 
Fats,  Varying  Consistency  of,  22 
Fatty  Acid  Crystals  in  Sputum,  570 
Degeneration  of 
Heart,  613 
Liver,  610 
Foods,  21,  22 

Fawcus’s  Picric  Acid  and  Brilliant  Green 
Culture  Medium,  517 

Feather  Mattresses,  Steam  Sterilization  of, 
against  Fleas,  485 


GENERAL  INDEX 


Feeding  of 

Infants,  23  sqq.,  260  sqq. 

Older  Children,  25 
Patients,  Helpless,  249 
Feeding  Bottles  ;  Cleansing,  261 
Cups,  249 
Spoon,  249 

Feet,  Blistered,  on  March,  Preparations  for,  18 
Chigger  Flea  attacking,  486,  588 
and  Legs  of  Children  and  Adults,  Protection 
for,  190,  191,  761 
Fehling’s  Solution,  579,  847 
Test  for  Sugar  in 

Pathological  Fluids,  564 
Urine,  581 

Fellowes’  Compound  Syrup  of  Hypophos- 
phites,  Strychnin  in,  788 
Felt  Hats,  Ventilated,  13 
Female  Patients,  Milk  Diet-quantities  for,  248 
Fenestrated  type  of  Cook-House,  63 
Fer  de  Lance,  see  Lachesis  lanceolatus 
Ferment  for  Preservation  of  Curdled  Milk,  92 
Fermentation  of  Manure  and  Destruction  of 
House-fly  Larvre,  197 
Test  for  Sugar  in  Urine,  582 
Ferric  Chloride  Test  for  Meconic  Acid  in  Sus¬ 
pected  Opium  Poisoning,  814,  840 
Hydrate  in  Arsenic  Poisoning,  270 
Ferrous  Sulphate  as  Disinfectant,  216,  220 
Fevers,  see  also  under  their  Sjjecific  Names 
Acute,  Eosinophil  Absence  or  Diminution 
in,  at  Onset,  542 
Leucocytosis  in,  542 
Mononuclear,  543 
Polymorphonuclear,  542 
Leucopenia  in,  542 
Lice-Migration  during,  296 
Precautions  against,  308 
Lymphocytosis  in,  543 
Milk  Diet  in,  247 

Fibrin  in  Fresh  Blood  Preparations,  535 
Casts  of  the  Bronchi,  in  Sputum,  570 
Fibro-Adenoma,  608 
Fibro-Cement  Roofing  Slates,  56 
Ficalbia,  358 

Field  Boiler  for  Disinfection  of  Clothes,  &c\, 
214 

Pea,  78 
Rat,  718 

Figs,  Dried,  as  Sources  of  Sugar,  23 
Figs  (Dried  Bananas),  83 
Filaria,  Where  found  Post-mortem,  606,  608, 
609,  612 

Species 

bancrofti,  Mosquitoes  Transmitting,  343, 
361,  365 

buski,  in  Duodenum,  609 
loa,  Calabar  Swellings  due  to,  606 
Filariasis,  Blood-Examination  in,  for  Para¬ 
sites,  565,  567 
Chylous  Fluids  in,  565 
Eosinophilia  in,  543 

Insect  Vectors,  Actual  and  Suspect,  279, 
343,  360,  361,  365,  388,  408 
Fildes’s  Method  of  Sterilizing  Blood  Serum  or 
Ascitic  Fluid,  511 

and  McIntosh’s  Antigen,  for  Wassermann 
Test,  559 


Filling,  Anti-Malarial,  391,  395 
Filling-up  of  Low-lying  Lands  and  Swamps  by 
Refuse,  184  sqq. 

Film  Preparations  of  Organisms 
Fixation  Methods 
Dry,  523-4,  535 
Wet,  523,  616 
Making,  523 

Filter  Candles,  31,  114-15 
Paper,  Laboratory,  502,  503 
Pit  and  Trench  Latrine,  King’s  Method,  164 
Pits,  for  Washing  Water,  123-4 
Pumps,  Laboratory,  500 
Filters,  31,  113 

for  Aerated  Water  Factories,  120 
Domestic,  114,  115 
Filtration  of 
Stains,  524 
Sullage,  123,  124,  126 
Water,  110,  112 

Field  Methods,  113,  114 
Finger  Nail(s),  Action  on,  of  Climate,  7 

Clippings  ;  Examination,  for  Arsenic,  &c.„ 
801,  802,  836 
Finger-Stalls,  256 
Fireplaces,  53 

Fireproofing  of  Tent-Canvas,  Solution  for,  30 
Fire  Trenches,  203 
First-Aid  Equipment,  34 
Fish,  Canned,  Dangerous,  90 
Cold  Storage  of,  72,  88 
Edible,  72,  77 

Fresh-Water,  72,  75 
Salt-Water,  72 
Shell,  75 

Larvicidal,  341,  400 
as  Leech-checks,  190 
Minced  for  Children,  262 
Purifying  Action  of,  on 
River  Waters,  96 
Tank  Waters,  102 
Tests  on,  of  Poisons,  847 
Unsafe  Methods  of  Preserving,  90 
Fish-Netting  for  Screening,  206 
Fish  Poisoning,  763  sqq.,  790,  794 

from  Ingestion  of  Fish  Containing  Toxin  not 
due  to  Decomposition,  790  sqq. 
by  Inoculation  of  Toxins  through  Wounds 
Inflicted  by  Fish,  790,  794 
Locality  in  regard  to,  790,  791 
References,  798 

Season  in  regard  to,  790,  791,  792 
Fissure  Springs,  97 
Fittings  for  Laboratories,  496  sqq. 

Fixation  of 
Films 

Blood  Films,  524,  535 
Dry  Method,  523-4 
Fixatives,  523 
Wet  Method,  523,  616 
Sections,  615  sqq. 

Tissues,  615  sqq. 

Flagellates,  Intestinal,  and  their  Cysts,  in 
Stools,  576 

Staining  of,  525-6,  530 
intra  vitam,  532 

Study  of,  by  Dark  Ground  Illumination,  497 
Tabanids  Harbouring,  419 
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Flaginac  Reaction,  603 
Flaming,  Disinfection  by,  214 
Machines  for,  195,  214 
Vermin  Destruction  by,  195,  214,  318 
Flammenwerfer,  Sanitary  use  of,  195 
Flasks  of  Culture  Media,  Covering  for,  553 
Ehrlenmayer’s,  516,  603 
Flat  Countries,  Conservancy  Methods  in,  130 
Roofs,  37,  42,  61 
Flatus,  244 
Causes,  26 

Flea-Immune  Persons,  484 

Flea-Repellants,  485 

Fleas  (Siphonaptera),  274,  296,  318,  474 

Association  with  Disease,  481,  482,  483, 

485 

of  Bats,  Eyeless,  475 
Bionomics,  484 
of  Birds  (Fowls),  482,  484 
Biting  by,  Act  of,  476 
Breeding-Places,  484,  485 
of  Cats,  481,  482-3 
Classification,  Rothschild's  Table,  483 
Collection  and  Preservation,  493 
Digestive  Process,  477-8 
of  Dogs,  481,  482 
Eggs,  479 
of  Foxes,  484 
Frequency  of  Feeding,  317 
Infesting  Man,  481,  482,  483 
Insecticide  Powders  for,  34 
Intermediate  Hosts  ;  Cysticercoid  stages 
of  Tapeworms  of  Dog  and  Cat,  485 
Larvae,  479 

Length  of  Life  of  Adults,  479 
Life  History,  474,  478 
of  Mice,  481 
of  Moles,  Eyeless,  475 
Natural  Enemies,  486 
Prophylaxis,  485 
of  Rats,  Distribution,  481 
References,  487 
Species  of  Importance  to  Man 
Actual,  480-1,  482-3 
Possible,  481-2 
Specimens ;  Preparation,  483 
Structure 

External,  474 
Internal,  312,  477 
Pulicidae,  480 
Sarcopsyllidae,  485,  486 
Fleas,  Water  (Cyclops),  111,  271 
Fleming’s  Culture  Medium  for  Pfeiffer’s 
Bacillus,  642 

Mixture  for  Demonstrating  Fat  in  Tissues, 
619 

Flesh  Flies  see  Sarcophaga(gidae) 

Fletcher’s  Method  of  Examining  Fresh  Rabic 
Material,  602 

Flies  {see  also  Diptera,  Museidae,  and  under 
Names),  63,  64,  128 
Access  to  Spittoons,  251 
Adult ;  Destruction,  204 
Biting,  189,  194,  273 
Blood-Sucking,  448  sqq. 

Bot,  274,  438-9,  444 

Breeding-Places,  167,  176.  178,  184,  185, 
188,  195,  433 


Flies,  cont. 

Caddis,  273 

Domestic,  see  also  House,  below 
Screening  against,  401 
Dragon,  273,  341 
and  Excreta,  128,  129,  132 
Fleas  Preying  on,  484 
Flesh,  see  Sarcophaga(gidae) 
Food-Contamination  by,  422,  426,  428,  429 
and  Garbage,  181 
Green,  273 

Horse  {see  also  Tabanidae),  273 

House  {see  also  Musca  domestica),  189,  274 

Lantern,  310 

Latrine  {see  also  Fannia),  274 

Means  of  Combating,  129,  132  sqq. 

May,  273 

Non-Biting,  189,  195 
Non-Blood-Sucking,  420  sqq. 

Association  with  Disease,  420,  426 
Prophylactic  and  Destructive  Measures, 
120,  129,  132  sqq.  167,  176,  181, 
185,  186,  194,  195,  206,  207,  209, 
211,  214,  432,  433,  434 
Sand,  273 

Small  or  Delicate  ;  Collection  and  Preserva¬ 
tion,  490-1 

Stable  {see  also  Stomoxys),  274 
True,  324 

Tsetse  {see  also  Glossina),  274 
Warble,  274 

Flocculence  in  Pathological  Fluids,  563,  565 
Flock  Mattresses,  28 
Floors  and  Flooring 
Ablution  Bench,  64 
Aerated  Water  Factories,  120 
Anti-Fly  and  Disinfection  Methods,  211, 
“  214,  220,  235,  433,  434 
Anti-Variolous  Vaccine 
Laboratory,  663 
Stables,  667 
Banda,  191 

Barbers’,  Disinfection  of,  235 
Cooking  Areas  in  Camps,  63,  64 
House,  47,  192 
Hut,  61,  191,  214 
Latrine,  158 
Mess  Tents,  211 
Prisons  for  Natives,  63 
Sanitary  Apartments,  53 
Sick-Room,  Precautions  as  to,  242 
Stable,  433 
Veranda,  46,  192 
Flour,  Anti-Cockroach  Use,  194 

and  Milk,  for  Invalids,  to  Make,  246 
Flounders,  73 

Fluid  Drugs,  Weights  and  Measures  for, 
254 

Media,  Inoculation  of,  when  but  little 
Inoculum  available,  518 
Fluids,  Examination  of,  in  Poisoning  Cases, 
799,  838 

Pathological,  563  sqq. 

Examination,  563  sqq. 

Points  to  heed,  563-4 
Flocculent,  563,  565 

Fluorescin  Test  for  Water-Pollution,  99-100 
I  Flybane,  207 
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Fly  Campaigns  ( see  also  Flies),  211 

Danger  from  Dust  and  Excreta,  128  sqq., 
132  sqq.,  142,  143 
Exclusion,  120,  181 
Glue  Formula,  206 
Fly  Maggots  in 

Floors  of  Mess  Tents,  211 
Zibla,  211 

Fly  Poisons,  207,  209,  434 
Receptacles,  208-9 
Fly-Proof 
Larders,  89 

Latrine  Seats,  135,  138,  144,  147 
Latrines 

Portable,  145-6 
Public,  130,  160 
Fly-Swatters,  206 

Fly-Tight  Pits  or  Bins  for  Disposal  of  Horse 
Manure,  203 
Fly-Traps,  203,  209,  434 
Fly-Veils,  30 
Flying-Fish,  73 
Focal  Necrosis  in  Liver,  609 
Focussing  a  Microscope,  498 
Fomentations,  244,  257 
Dry  Heat,  258 
Fontainea  Pancheri,  779 

Fontana’s  Method  for  Staining  of  Spiro- 
chaetaceae,  528 

Food  in  the  Tropics,  5,  6,  18,  20,  21,  67 
Contamination,  by  Flies,  422,  426,  428,  429 
Different  Classes ;  Temperature  for  Cold 
Storage,  87 

and  Drinks,  Nurse’s  Record  of,  244 
Equipment,  32 

Exclusion  from  Sick-room,  241,  248 
Fly-Larvae  Ingested  from,  445-6 
Infants’,  260  sqq. 

Prepared,  Unsuitable  in  the  Tropics,  24 
Ingestion,  Leucocytosis  after,  542 
Insects  found  on  ;  Breeding-Places  to  be 
Sought,  426 

Inspection  of,  in  Poisoning  Cases,  799,  802 
Poisoning  by  Fish-Toxins,  790  sqq. 
of  Snake-Charmer  Castes,  718 
Storage  and  Preservation  of,  86  sqq.,  192 
Food  Stuffs,  Tropical,  68 
Animal,  68 
Fish,  72  sqq. 

Meat,  69  sqq. 

Beverages,  85-6 
Condiments,  85 

Protection  of,  against  Insects,  35,  89,  429 
Proteids,  Fat,  and  Carbohydrate  in  ; 

Comparative  List,  23 
Scale  of  Daily  Diet  required  for  Ordinary 
Work  ;  Ghosh’s  Tables,  22-3 
Sugars,  84-5 
Tables  of,  22-3,  265 
General,  265 
Vegetarian,  265 
Vegetable,  76 

Bread  Substitutes,  77 
.  Cereals,  76-7 
Fruits,  82-5 
Nuts,  82 
Pulses,  77-9 

Roots  and  Tubers,  79-80 


Food  Stuffs,  cont. 

Vegetable,  cont. 

Vegetable  Oils,  81-2 
Vegetables,  80-1 
Foods,  Tinned,  90 
Foot-Boards,  243 
Forceps,  Cornet’s,  523 
Entomological,  488 
Midwifery,  241 
Nurses’,  252 

Spencer  Wells  Artery,  241 
Sterilization,  252 
Forcipomyia,  377,  378,  380 
Pathogenicity,  380,  381 
Species 

castanea,  380 
ingrami,  380 
inornatipennis,  380 
townsendi,  380,  381 
utae,  380,  381 

Forest  Drainage  Water,  94 
Forests,  Clearing  in,  as  Anti -Glossina  Measure, 
471 

Formaldehyde  Borax  Solution  for  Embalm¬ 
ing,  237 

with  Lime-Water  as  Fly-Poison,  434 
with  Potassium  Permanganate  ;  Anti- 
Maggot,  204 
Formaldehyde  Gas,  218 
Disinfection  by,  221,  234 
Useless  for  Lice,  300 
Formalin  as  Disinfectant,  216,  218,  234 
in  Fly-Poison,  207 
Not  to  be  Used  for 

Viscera  in  Alkaloid  Poisons,  801 
Cleaning  Metal  Articles,  242 
Solution,  for  Meat  Preservation,  89 
as  Specimen  Preservative  for  Insects,  493 
Spraying,  Anti-Insect,  195,  374 
in  Staining  Methods,  523,  528 
Formol  Alcohol  Fixative,  523 
Fosses,  Subterranean,  for  Excreta,  130 
Fowl  Flea,  482 

Tapeworm,  Fly-Spread,  431 
Tick,  276,  289 

Fowl  Houses  ;  Anti-Tick  Prophylaxis,  277 
Fowls  ;  Average  Rectal  Temperature,  534 
Blood  of,  Ivurloff’s  Bodies  in,  547 
Spirochsetosis  of,  Ticks  Spreading,  277,  279 
Ticks  Infesting,  275,  276,  277,  279,  280,  289 
Which  Attack  Man,  275 
Foxes,  Fleas  on,  484 
Framboesia,  or  Yaws 

Eruption  (Post-mortem),  606 
Flies  as  Carriers,  432 
and  Goundou,  568 
Spironerna  pertenue  in  Sores,  430 
Examination  for,  590 
Wassermann  Reaction  in,  560,  591 
Frank’s  Sterilizing  Tank,  142 
Freezing  of  Fish,  to  Preserve,  88 
Mixture,  245 
French  Physic  Nut,  780 
Windows  ;  Screening,  58 
Fresenius  and  Babo’s  Method  for  Detection  of 
Metallic  Poisons,  822 
Freshwater  Edible  Fish,  72 
Snakes,  see  Homalopsinie 
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Friar  s  Balsam,  258 

Friction,  in  Chloroform  Poisoning,  270 
Fright,  in  Snake-Bite,  757 
Froede’s  Reagent  for 

Alkaloid  Poisons,  850,  853 
Morphin  Residue,  849 
Fruits,  82-5 

Anti- Scorbutic  Properties  of,  84 
Canned,  Moulds  on,  91 
Cold  Storage  Temperatures  for,  87 
Condition  in  which  to  be  Avoided,  84 
Dietetic  Value,  84 
as  Vehicles  for  Poison,  804,  805 
Fuchsin  Stains 

Acid,  526,  618,  620 
Andrade’s,  511 
Basic,  516,  524,  526 
Carbol,  524,  526,  529,  532 
Fuel  for 

Cremation,  236-7 
Incinerators,  169 

Fuel  Oil,  Light,  as  Fly-Spray,  207 
Fuguismus,  791 
Ful  Sudani,  78 

Fula-fula  Snake  of  Mozambique,  703 
Fulgoridte ,  Wax-Secretion  of,  310 
Fiillerborn’s  Method  for  Cultivation  of 
Ankylostome  Larvae,  578 
Fumigants  and  Fumigation,  Anti-Insect,  59, 
207,  221,  229,  374,  401,  408,  485 
Useless  Forms,  300 
Fundulus ,  341 

Fungal  Organisms  and  Fungi  ;  Culture  Media 
for,  509,  516,  589 
Parasites  of 
Ear,  569 
Eye,  569 

Hair  and  Skin,  15,  19 
Investigation  of,  588-90 
Mouth,  568 
Nose,  568 
Throat,  568 

Fungi,  Inimical  to  Mosquitoes,  341 
Non-Pathogenic,  on  Chilled  Beef,  87 
Poisoning  by,  Emergency  Treatment,  270 
Staining,  588-90,  618 
in  Synovial  Fluid,  567 
Funnel  Pattern  Latrine,  149  sqq. 

Funnels,  Glass,  Laboratory,  502,  504,  505 
for  Soakage  Pits,  149-50,  151 
Furina,  692,  715 

Furniture,  in  the  Tropics,  Hints  on,  35,  195 
Furnace  Method  of  Sulphur  Dioxide  Fumiga¬ 
tion,  223 

Furuncular  Lesions  due  to  Cordylobici  anthro- 
pophaga ,  588 

Fusiform  Bacilli,  see  under  Bacillus(i) 


GABOON  VIPER,  706 
Gad-Flies,  410 

Gaducheau’s  Stain  for  Malaria  Parasites, 
530,  618 

Gadurah,  Symbolism  of,  725 
Gaiters,  30 
Galam,  81 

Gall  Bladder.  Post-mortem  Examination  of, 
609 


Gall  Stones 

Animal,  used  as  Snake  Stones,  728 
Human,  Moist  Heat  to  Ease  Passage  of, 
257 

Seen  Post-mortem,  609 
Gamasidae,  276 
Gambusia,  Larvivorous,  341 
Game  and  Large  Mammals,  Glossina  in  rela¬ 
tion  to,  463,  465 
Games,  Warnings  on,  17 
Gangrene,  Gas,  Fly-Spread,  432 

of  Lung  Tissue,  Indications  of,  251,  582 
Ganja,  776,  777 
Garapata,  278 
Garbage,  see  also  Refuse 
Incineration,  434 

Receptacles  ;  Covering,  181,  182,  434 
Removal,  434 

Garbage-Can  Fly-Traps,  210 
Garden  Ants,  Black,  193 
Gardens,  Sullage  as  Used  in,  127 
Garrod’s  Spectroscopic  Method  for  Urine 
Examination,  583 
Garrow’s  Agglutinometer,  550,  593 
Gas  Bubbles  in  Stools,  573,  574 
Clayton,  for  Disinfection,  193,  223 
Gangrene,  Fly-Spread,  432 
Poisoning  ;  Emergency  Treatment,  270 
Tar  Liquor  for  Incinerator  Fuel,  169 
Gasbarini’s  Method  for  Staining  B.  tuber - 
culosis,  527 

Gaseous  Agents  as  Chemical  Disinfectants, 
193,  213,  221,  317 

Gases,  see  under  Names 

Gastric  Contents  ;  Collection  and  Examina¬ 
tion,  570  sqq. 

Disorders,  Breath-Odour  in,  251 
Fluid,  Normal,  571 
Ulcer,  Indications  of,  in  Stools,  573 
Gastritis,  Indications  of,  571 
Gastro-Enteritis,  Flv-Spread,  432 
Mellin’s  Food  in,  24 
Gastro- Intestinal  Myiasis,  438 
Geda,  78 

Geissler’s  Water  Exhaust  Pump,  500 
Gelatin  Culture  Media,  502,  509 
Reaction,  507 
Gelsemic  Acid,  854 
Gelsemin,  798,  846,  850 
Tests,  851,  852,  854 

Distinguishing  from  Strychnin,  853 
Gelsemium,  Poisonous  Roots,  798,  813,  846 
Species 

elegans,  854 
sempervirens,  798,  854 
General  Paralysis 
Diagnostic  Tests 
Colloidal  Gold,  566 
Wassermann’s,  559 
General  Tropical  Prophylaxis,  26  sqq. 
Generative  Functions,  Effects  on,  of  Climate, 5 
Genitalia,  Myiases  of,  436.  440,  588 
Post-mortem  Examination,  608 
Gentian  Violet  Stains,  524,  525,  526,  528, 
541,  597,  618 
Aniline,  525,  618 
Carbol,  525 

Geology  in  relation  to  Water,  94  sqq. 
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Gerbils  ;  Average  Rectal  Temperature,  534 
Gerrard’s  Test  for  Atropin  Group  of  Alka¬ 
loids,  852 
Ghee,  71-2,  77 
Giant  Water  Bugs,  309 
Bite,  323 

Giardia  ( =  Lamblia)  intestinalis ,  in  Diarrhoea 
Stools,  576 

Encysted,  Fly  Conveying,  429 
Gibson  and  Hunter’s  Vermin  Killer,  Strych¬ 
nin  in,  788 

Gibson’s  Alkali  Starch  Medium  for  V.  choleras, 
517,  594 

Sero-Vaccine  for  Bacillary  Dysentery,  637 
<&  n.,sqq.,  649 

Giemsa’s  Stain,  529,  530,  for 
Blood  Films,  531,  536 
Trypanosomes,  533,  599 
Gill-Removal  for  Fish-Preservation,  72 
Gipsies,  Indian,  718 
Girardinus,  see  Pcecilici 
Girls,  see  also  Women 
Clothing  for,  263 

Oxyuris  vermicularis  in  Urine,  587 
Gland  Puncture  for  Isolation  of  Pathogenic 
Organisms,  599 

Glass  Apparatus  for  Poison  Investigations ; 
Cleansing,  801 

Blue,  in  Windows,  Anti-Fly,  206 
Microscope  Slides ;  Care  and  Cleansing, 
499-500 

Powdered,  Poisoning  by,  763 

Microscopical  Search  for,  799,  803 
Stoppers,  Removal  of,  802 
Ware,  Laboratory,  Cleansing  of,  500 
Glauconiidae ;  Characters,  685,  688,  689 
Gliptocranium  gasteracanthoides ,  190 
Globulin  in  Pathological  Fluids  ;  Tests,  564, 
565,  566 

Gloriosa  superba,  778,  807,  837,  844 
Glossina,  274,  458 
Bionomics,  461  sqq. 

Blood-Sucking  Habits,  449 
Characters,  452,  453,  458,  463,  473 
Collection  and  Preservation,  490 
Geographical  Distribution,  461 
Groups  and  Species ;  Austen’s  Table  for 
Determination,  458  sqq. 

Insect  Parasites,  470—1 
Length  of  Life,  464 
Life-History,  461  sqq. 

Pathogenicity,  15,  449,  480,  468,  469,  470 
Prophylaxis,  15,  30,  471 
Trapping,  471 
Rate  of  Increase,  464 
Repellant,  471 
Species 

austeni,  460,  470 

brevipalpis,  459,  460,  464,  470,  471 
caliginea,  459,  470 
fusca,  459,  460,  470 
fuscipleuris,  460,  461,  470 
longipalpis,  459,  468,  470 
.  longipennis,  460 
medicorum,  460,  470 

morsitans,  459,  460, 461,  463,  464,  465,  471 
Breeding-Places  and  Breeding  Season, 
466  sqq. 


Glossina,  coni. 

Species,  cont. 
morsitans,  cont. 

Relation  to  Game,  and  Large  Mam¬ 
mals,  465,  468-9,  473 
nigrofusca,  460,  470 
pallicera,  459,  470 
pallidipes,  459,  468 

palpalis,  448,  449,  458,  460,  461,  463,  469, 
470,  471 

Food,  449,  461,  465,  469 
severini,  480,  461 
tabaniformis,  459,  460,  470 
tachinoides,  458,  459,  470 
ziemanni,  460 
Gloves  ;  Anti-Acarus,  192 
Anti-Mosquito,  16,  401 
Rubber,  255,  269 
Glucose  Agar,  509 

Buchanan’s  Neutral  Red,  516,  596 
Broth,  508 

Gelatin  Culture  Medium,  509 
Medium  for  Culture  of  Klebs-Loffler  Bacil¬ 
lus,  595 

Glucoside  or  Glucosidic  Poisons,  767,  772, 
773,  785,  786,  787,  789,  800, 

805,  815 

with  Cardiac  Action,  Extraction  of,  844 
Cyanogenetic,  804 

Haemolytic,  of  Saponin  Class,  Extraction  of, 
844 

Separable  by  Alcohol  Extraction,  837 
Tests 

Botanical  Confirmation  desirable,  816 
Colour,  846 
Glycerici,  360 
Glycerin  Agar,  509 
Broth,  508 
Enemata,  255 
Merck’s  Pure,  530 
Potato  Culture  Medium,  514 
Glycerinated  Vaccine,  see  under  Vaccines, 
Anti -Variolous 
Glycine  hispida,  78 

Glycogen  Reaction  in  Leucocytosis,  539,  543 
in  Tissues,  Staining  of,  619 
Glycyphagus  domesticus.  Grocer’s  Itch  due 
to,  272 

Glyphodon,  715 
Gmelin’s  Test  for  Bile  in 
Test  Meal  Fluid,  573 
Urine,  582 
Gnats,  273 
Buffalo,  273 

Disease-Carrying,  420,  421 
Regions  Attracting,  426 
Goa  Bean,  778 
Goa  Lizard,  718 
Goat  Flesh,  68 

Milk,  24,  69,  70,  71,  261 
Analysis,  71 
Composition,  260 
Dilution,  261 
Gofio,  El,  76 
Goggles,  14,  34 

Gokurah  (Cobra),  used  by  Charmers,  719 
Gold  Chloride  for  Injection  in  Snake-Bite,  34, 
739,  755,  759,  760,  761 
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Goldberg-Waage  Law,  753-4 
Gonococcus(i) 

Castellani’s  Absorption  Test  for,  551 
Culture  Media,  510,  512,  513,  515,  516. 
569,  587 

from  Eye-Lesions  ;  Cultivation  and  Stain¬ 
ing,  569 

Pappenheim’s  Stain  for,  527 
in  Urine,  Examination  for,  587 
Gonococcus  Vaccine 
Detoxicated,  643 
Dilution,  621 
Preparation,  642 

Gonorrhoea,  Complement  Fixation  Test  for 
(Thomson’s),  561-2 
Flies  as  Carriers,  432 
Treatment  by  Vaccine,  642,  643,  646 
Wassermann  Test  in,  554 
Gonorrhoeal  Epididymitis  (Post-mortem),  608 
Orchitis,  608 
Prostatitis,  Posterior 

Examination  for,  587 
Test,  561,  587 
Urethritis,  587 
Goraliarik,  782 

Gordon’s  Method  of  Standardization  of  Vac¬ 
cines,  643 
Trypagar,  510,  596 
Goulah,  108 
Goundou,  560,  568 

Wassermann  Reaction  in,  560,  568 
Gourat,  278 
Gourds,  81 

Gout,  Leucocytosis,  Polymorphonuclear,  in, 
543 

Grain,  Native  Beers  brewed  from,  85 
Grain  Itch,  192,  272 
Gram,  Black,  77 
Green,  77 
Horse,  78 
Red,  77 
Yellow,  77 

Gram-Weigert  Staining  Method  for  Histo¬ 
logical  Sections,  618 

Gram’s  Method  of  Staining,  524,  526,  533 
Granular  Casts  in  Urine,  586 

Degeneration  of  Erythrocytes,  538 
Granules  in  Blood-Films,  mistaken  for  Para¬ 
sites,  545 

Various,  in  Leucocytes,  539,  540 
Granuloma,  Ulcerating,  of  Pudenda,  608 
Granulomata  ;  Differential  Diagnosis,  590 
Noted  at  Post-mortems,  606,  608 
Plasma  Cells  in,  540 
Rectal 

Mycotic,  608 
Syphilitic,  608 

Syphilitic  ;  Differential  Diagnosis,  590 
Granulomatous  Nasal  Growths,  Blastomy- 
cotic,  568 

Grass-Firing  against  Ticks,  191 
Grasses  for  Swards,  59 
Grates,  Incinerator,  176 
Gravel,  Urinary,  6 
Graves ;  Depth  and  Area,  236 
Grease  as  Louse-Repellant,  299 
Traps  for  Sullage,  124,  126 
Greasy  Kitchen  Water,  Disposal  of,  127 


Great  Millet,  76 
Green  Copperas,  220 
Manuring  Soil,  77 
Oil,  197 

Willesden  Canvas,  Anti-Termite,  192 
Green  Fly,  273 

Green  Pit  Viper,  see  Lachesis  gramineus 
Greenbottle  Flies,  420,  424 
Greenfield  and  Anderson’s  Method  of  Sedi¬ 
mentation  of  B.  tuberculosis  in 
Sputum,  570 
Greenheads,  410 

Grey  Monkey  ;  Average  Rectal  Temperature, 
534 

Grid  Incinerators,  203 

Griffiths’s  Method  for  Cultivating  Leptospira 
icterohwmorrhagise,  519 

Griffin,  Mr.,  Maker  of  the  Clayton  Lane 
Privy,  181 
Grocer’s  Itch,  272 

Ground,  Cracks  in  ;  Treatment,  194 
Ground  Barley  for  Porridge,  247 
Ground  Nut,  78 
Cake,  78 
Flour,  79 

Grown  on  Trenching  Grounds,  167 
Oil,  78,  79 
Proteids  of,  78 

Steam-Cooked  ;  Digestibility,  79 
Ground  Rattle  Snake,  711 
Ground  Rice  for  Porridge,  247 
Ground  Water,  Level  of,  37 
Growth,  Effect  on,  of  Climate,  5,  25 
Growths,  Doubtful,  Wassermann  Reaction 
and,  561 

Griibler’s  Toluidin  Blue,  527 
Gruel,  Oatmeal,  247 
Gru-gru  Palm,  81 
Guacoba,  Snake-Killing,  761 
Guaiac  Test  for 

Blood  in  Urine,  581,  584 
Pus  in  Urine,  582 

Guaiacol  in  Phenol  Mixtures,  Analysis  of,  in 
Poisoning  Cases,  821 
Guar  Bean,  78 
Guard -Fish,  73 
Guinea  Corn,  76 

Guinea-Pigs,  Average  Rectal  Temperature, 
534 

Guinea-Worm,  see  Dracunculus 
Guinea-Worm  Infection,  see  Dracontiasis 
Gum  Boots,  31 

Gummata  in  the  Brain  (Post-mortem),  614 
Gums,  during  Teething,  262 
Giinzberg’s  Test  for  Free  Hydrochloric  Acid, 
571 

Guru,  728 

Gut  Contents  in  Poison  Cases,  Examination 
of,  799,  802 

Mucous  Membrane  of,  255 
Gutters,  45 
Substitutes,  56 
Veranda,  42 

Gutzeit  Test  for  Arsenic  in  Chemicals,  832,  837 
Gwaza,  80 
Gymnocerata,  311 

Gypsum  in  supposed  Poisoning,  804,  805 
Powdered  ;  Anti-Cockroach  use,  194 
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HABITATIONS,  see  also  Dwellings,  Houses, 
Huts,  Quarters,  Tents,  &c. 
and  their  Annexes,  36  sqq. 

Insects  found  in,  Breeding-Places  to  be 
Sought,  426 

Habronema  muscse,  Fly- Spread,  431 
Hasmadipsa  zeylanica,  190 
Haemalum  and  Eosin  Stain  for  Sections,  617 
and  Van  Gieson’s  Stain,  for  Histological 
Specimens,  618 
Hsemanthus  toxicarius,  772 
Hasmaphy sails,  281,  284 
Identification,  289,  290 
Piroplasms  Conveyed  by,  288 
Species 

bispinosa,  284 
cinnabarina,  284 

var.  punctata,  284,  288 
leachi,  284,  288 
punctata,  284 
Ileemasson,  366 

Hsematein  Solution  in  Staining,  531,  617,  618 
Ilxmatobia ,  Characters,  453,  454 
Proboscis,  451,  452 
Species  :  stimulans,  454 
Hxmatobosca,  Characters,  453,  454 
Proboscis,  451,  452 
Haematoidin  Crystals  in  Sputum,  570 
Hasmatomyidium,  379 
Hsematopota,  410,  412,  413 
Incompletely  Known,  490 
Prophylaxis,  419 
Haematoxylin  Stains,  115 
Delafield’s,  588 
Ehrlich’s,  529,  532 
Heidenhain’s,  531 

Rosenbusch’s  Modification  of,  531-2 
Haematuria,  Detection  of,  581 
from  Oxaluria,  583 

from  Presence  of  Schistosoma  haematobium 
Ova,  587 

Haemin  Test  for  Bloodstains,  538 
Haemoconia,  535,  538 
Haemocytometer,  541,  641,  644,  645 
Cleaning,  542 
Haemofuscin  Pigment,  620 
Haemoglobin  Estimation,  536 
Percentage 
Decrease  in 

Children’s  Blood  in  Tropics,  4 
Oligocythaemia,  539 
Increase,  in  Polycythaemia,  539 
Haemoglobinaemia,  4 

Haemoglobinized  Saline  Culture  Medium  of 
Row,  513 

Haemoglobinuria,  in  Blackwater  Fever ; 

Detection,  581 
Haemogogus,  344,  357 
Haemolysins  in  Venom,  737,  738,  741,  749 
Haemolysis  in  Blood  Transfusion,  Essentials 
to,  656 

Haemolytic  Attack,  Blood  Tonicity  Lowered 
before,  537 

*  Immune  Body  used  in  Wassermann  Test, 
554 

Preparation,  554-5 
Titration,  555-6 

Haemoptysis,  Sputum  of,  251  I 
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Haemorrhage(s) 

Cerebral,  613 

Diseases  with  which  Associated,  605,  607, 
608 

Leucocytosis,  Polymorphonuclear,  after, 
543 

Observable  in  Post-mortem  Examination, 
605,  607,  608,  610,  611,  613  . 
Oligocythaemia  after,  539 
Phthisical,  266 
Treatment,  266 

Possible  Errors  concerning,  661 
Pulmonary,  613 

Treatment,  266 

Old,  Crystals  in  Sputum  Indicating,  570 
Punctate,  Intestinal,  610,  611 
Severe,  Normoblasts  in  Blood  after,  539 
of  Snake-Bite  :  Treatment,  761 
Sub-Endocardial,  613 
Treatment  by  Normal  Serum,  632 
Haemorrhagin  in  Venoms,  738,  742,  745,  746, 
747,  749,  756 

Rate  of  Fixation  in  Tissues,  752 
Haemorrhoids,  Ulcerated,  Stools  in,  574 
Haemosiderin  Pigment 

Diseases  in  which  Present,  620 
in  Liver,  Post-mortem,  Test  for,  610 
in  Malarial  Tissues,  620 

Method  for  Demonstrating,  619 
in  Tissues,  Staining  of,  619,  620 
Haemozoin,  620 

in  Brain  and  Meninges,  614 
Haffkine’s  Plague  Vaccine,  648 
Hagenia  abyssinnica,  844 
Hair,  Action  on,  of  Climate,  7 
Cut,  Disposal  of,  235 
Dark  and  Thick,  Protective  Value  of,  14 
Disinfestation,  299-300 
as  Irritant  Poison,  Search  for,  799,  803,  806 
Parasites 

Animal,  272,  588 
Fungal,  15,  19,  588-9 
Hair-Brushes,  Disinfection  of,  235 
Hairdressers’  Shops,  Disinfection  for,  235 
Halazone,  for  Water  Sterilization,  31,  34,  119 
Ilalobates,  323 
Halts,  on  March,  18 
Hamadryad,  see  Naia  bungarus 
Hammocks,  279 

Mosquito-Nets  for,  30 

Handkerchiefs,  Paper,  for  the  Tuberculous, 
265 

Handling  Snakes,  720,  721,  724 
Hands  and  Arms  of  Operator  at  Post-mortem 
Examination,  Protection  of,  604 
Hands,  Disinfection,  220 

Nurses’,  Protection  of,  255,  256- 
Ticks  Attacking,  278,  280,  289 
Hanging  Drop  Preparation  of  Fresh  Blood, 
Stained  or  Unstained,  535 
for  Isolation  and  Detection  of 
Organisms,  526,  533 
Trypanosomes,  565,  599 
V.  choleras,  594 

Hankin’s  Method  for  Cleaning  Copper  Foil 
or  Brass,  809 

Permanganate  Test  for  Cocaine,  835 
Tlaplochilus,  Larvivorous,  341 
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Harlequin  Snake,  708 

Harmless  Snakes  occasionally  Causing  Local 
Symptoms 

Classification,  Key  to,  689 
Ilarpagomyia ;  Feeding  Methods,  339 
Harpodon  nehereus,  73 
Harvest  Bugs,  272 
Mites,  272 
Spiders,  272 

Hashish  in  Poisoning  Cases,  Search  for,  and 
Tests,  799,  802,  805,  813 
Hats,  12,  13 

Sun,  for  Children,  263 
Havard’s  Box  Seat  for  Latrines,  136 
Hawksley’s  Formula  for  Length  of  Storage 
of  Water,  101 

Hay,  Burning,  as  Disinfectant,  214 
Hay  Fever,  Treatment  by  Vaccine,  646,  650 
Hay’s  Test  for  Bile  Acids  in  Urine,  582 
Head,  the,  Post-mortem  Examination  of, 
613-14 

Headaches  ;  Cause,  7,  34,  236 
Prophylactic  Drugs,  34 
Head-Coverings  ( see  also  Hats,  Helmets, 
Veils),  12 

Head  Louse,  291,  292,  297,  299 

Health  Department,  New  York  City  ; 

Dosage  System  of  Diphtheria 
Antitoxin,  628 
Heart,  see  also  Cardiac 

Post-mortem  Examination,  612-13 
Weight,  613 

Heart  Disease,  Congenital,  Polycythaemia 
in,  539 

Heart  -  Muscle,  Alcoholic  Extract  of,  as 
Antigen  in  Wassermann  Test,  554, 
556 

Heart  Water  in  Cattle  and  Sheep,  Tick 
causing,  288,  289 

Heat,  Dry  and  Moist,  Disinfection  and 
Disinfestation  by,  213,  214,  234, 
267,  300,  308 
Sterilization  by,  501 
Effect  of,  on  Stains,  524,  528,  529 
Great,  Physiological  Effects  of,  2  sqq.,  25, 
263 

Moist,  Applications  of,  244,  257 
on  Platinum  Test,  for  Inorganic  [Poison] 
Powders,  799,  807 

Relative  Conduction  of,  by  Various  Build¬ 
ing  Materials,  37 
Specific,  37 

Heat  Headaches,  Drugs  for,  34 
Heat-Producing  Constituents  of  Foods,  21-2 
Heat-Stroke,  7 

Heavy  Oils,  Anti-Insect  Uses,  196,  387,  398 
Ilebotomus,  366 
Hectopsylla ,  483 
Heglig  Oil,  81 

Heidenhain’s  Haematoxylin  Staining  Method, 
531 

Rosenbusch’s  Modification,  531-2 
Height  for  European  Houses,  39 
and  Size  of  Rooms,  47, 
and  Weight  of  Infants  and  Children,  264 
Ilelianthus  tuberosus,  80 
Hellebore,  as  Larvicide,  433 
Helleborin,  846 


Heller’s  Nitric  Acid  Test  for  Albumin  in 
Urine,  580 

Test  for  Blood  in  Urine,  581 
Helmets,  12-13,  31 
Helminth  Infestations 
Eosinophilia  in,  543 
Noted  Post-mortem,  605  sqq.  passim 
Pulmonary,  613 
Severe,  Emaciation  in,  605 
Stools  ;  Occult  Blood  in,  Tests,  575 
Ova,  from  Raw  Vegetables,  81 
Helminthic  Diseases  ;  Disinfection,  212 
Infection  of  Soil,  128 

Helminths;  Preservation  and  Staining,  578 
Hemibungarus,  694,  696 
Habitat,  692 
Species 

calligaster,  696 
collar  is,  696 
japonicus,  696 
nigrescens ,  696 
Hemiptera,  273 
Hemirhamphus  brasiliensis,  73 
cantori,  73 
saltator,  73,  75 

Henbane  in  Poisoning  Cases  ( see  also 
Hyoscin,  Hyoscyamus,  below),  798 
Leaves,  813 
Seeds,  802 

in  Drugging,  805 

Microscopical  Search  for,  799,  813 
Hepatic  Abscess,  see  Liver  Abscess 
Puncture  ;  Post-mortem,  605 
Syphilis,  610 

Hepatus  dussumiori,  Poisonous  Wounds  made 
by,  794 

Heppel  Tin  Fly-Sprayer,  207 
Herbs,  as  Antivenenes,  727,  728 
Herpestes  ichneumon,  761 
Herpetomonas  phlebotomi,  372 
Herrings,  72,  74 
Poisoning  by,  791 
Ileterophyes  in  Duodenum,  609 
Heteroptera,  309,  311 
Heteroptera 

Cryptocerata,  311,  323 
Gymnocerata,  311 
Hibernation  of  Insects,  422 
Hibiscus  esculentus,  81 
Hiccough,  244 

Higginson’s  [Enema]  Syringe,  241,  255 
High  Altitudes,  Dwellers  at,  Polycythaemia 
in,  539 

Highlands,  Tropical  Residence  in,  9,  10 
Hill  Stations,  Sending  to,  of 
Children,  264 

Dysentery  Convalescents,  266 
Hilsa,  73 

Himalayan  Pit  Viper,  see  Aticistrodon  hima- 
layanus 

Hindus,  Caste  and  Religion  as  affecting  Diet 
and  Medical  Treatment,  247,  265, 
267,  718 

Daily  Output  of  Excreta,  153 
Eating  Customs,  265 
Food  Stuffs  for,  Table  of,  265 
Hippeastrum  equestre ,  772 
Hippo-Flies,  410 


GENERAL  INDEX 


Ilippobosca,  473 
maculata,  473 
Hippoboscidae,  473 

Collection  and  Preservation,  490 
Hippocentrum,  410 
Hippomane  mancinella,  773,  778 
Hippopotamus  Host  of  G.  palpalis,  469 
Hiss’s  Serum  Water  Culture  Medium,  513 
Histological  Changes  in  Cold-Stored  Eggs,  88 
Examination  in  Blastomycosis  &c.,  590 
Methods  in  the  Tropics,  615  sqq. 

Hoarseness  ;  Causes,  250 
Chronic,  250 

Hochst’s  Pure  Medicinal  Methylene  Blue,  533 
Hodge  Window  Fly-Traps,  210 
Ilodgesia,  365 

Holes  for  Defaecation,  128,  129 
Holocentrus  ascensionis,  Poisonous  Wounds 
made  by,  794 

Homalomyia  ( see  also  Fannia),  446 
corvina,  Parasite  of,  432 
Homalopsinae,  685,  690 
Home-made  Lemonade  &c.,  245 
Homer ia  collina,  784 

Homicide,  Poisons  used  for  ( see  also  Arrow- 
poisons),  764,  789,  794,  804,  815, 
841 

Hominy,  247 
Homoptera,  309,  311 
Hookworms,  see  Ancylostoma 
Homorelaps,  Habitat,  692 
Hoplocephalus,  714 
Habitat,  692,  714 
Species  :  curtus,  714 
Venom,  747 
Hoplopsyllus,  483 
Species 

anomalus,  481 

annulatus.  Vector  of  Plague,  485 
Hops,  Yeast  from,  246 
Hormone  Culture  Medium,  511 
Gelatin  Broth,  512 
Horn  Fly,  458 

Horned  Rattle  Snake,  see  Crotalus  cerastes 
Horned  Viper,  see  Cerastes 
Hornets,  Water  Pollution  by,  112,  143 
Horrocks’s  Chlorinizing  Apparatus,  118 
Horse-Eyed  Jack  (fish),  792 
Horse  Destroyer,  784 
Horse-Flies,  see  Tabanidae 
Horse- Gram,  78 

Horse  Manure,  Collection,  Removal,  and 
Disposal,  195,  200,  203 
Horse  Serum  (see  also  Normal),  as  Used  in 
Serum  Prophylaxis  and  Treat¬ 
ment,  623,  632 
Toxicity,  625 

Manifestations  of 
Anaphylaxis,  632 
Serum  Sickness,  634 
Horses  ;  Diseases 

Biliary  Fever,  287 
Piroplasmosis,  286 
Surra,  419 
Insect  Pests 

Chrysomyia  macellaria ,  436  437 
Stomoxys,  see  that  head 
Tabanidae,  see  that  head 


Horses,  cont. 

Insect  Pests,  cont. 

Ticks,  281,  285,  287,  288 
for  Preparation  of 
Antivenene,  75 
Sera,  623,  625 
Stomach  Worms  of,  431 
Horsfall  Type  of  Field  Incinerator,  176 
Hospital  Stores,  Care  of,  268-9 
Hospitals,  Indian,  Racial  Customs  and  Caste 
as  affecting,  267 
Laundry-Work  of,  269 
Screened,  401 
Hot  Air  Disinfestor,  302 
Baths,  245,  253 
Drinks,  18,  23 

Drv  Air  as  Disinfectant  and  Disinfestant, 
214,  302 

Water,  Sun-Warmed,  120 
Hot-Water  Bottles  ;  Protection,  242-3 
Hotels,  Inspection  in,  of  Cooking  Utensils,  90 
House-Ants,  192,  193 
Little,  193 

House-Bath,  Ordinary,  Content  of,  253 
House-Flies,  see  Musca  domestica 
Lesser,  see  Fannia  canicularis 
Houses,  European,  36  sqq. 

Ant  and  Termite  Exclusion,  189,  192 
Bat-Exclusion,  189 
Building  Materials  for,  37-8 
Cold  Weather,  for  Delhi,  47 
Construction,  39  sqq. 

Food-Storage  in,  89 
Fly-Poison  for,  207 
General  Considerations,  38  sqq. 
Immediate  Surroundings,  59 
in  relation  to  Jungle-Boundary,  392-3 
Laiping  of,  210 
L.R.S.  Privy  for,  177  sqq. 
Mosquito-Proofing,  53,  54 
Orientation,  36,  38,  39,  57 
Plinths  for  Raising,  40,  56 
Removal  from  Malarial  Sites,  393,  407 
Sanitation,  36  sqq.,  177  sqq. 

Screening,  54  sqq.,  401 
Sites,  36,  393 
Soil  for,  36 

Snake-Exclusion,  59,  189,  761 
Spanish  Plan,  47 

Ventilation,  36,  37,  38  sqq.,  40,  41,  47,  53, 
60,  62 

Native,  see  also  Huts 

Design  and  Construction,  61 
Old,  Tick  Infesting,  Mexico,  280 
Housing  of 

Conservancy  Staffs,  176 
Natives,  62-3 

Howell’s  and  Jolly  Bodies  in  Anaemic  Bloods, 
546 

Howlett’s  Phlebotomus- Repellant,  373 
Hubs,  108 

Human  Bot  Fly,  444 

Dwellings,  see  Houses,  Huts,  Tents,  &c. 
Excreta,  Disposal  of,  122,  128,  432,  433 
Flea,  481,  482,  483 
Milk,  23 

Composition,  260 

d  2 
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Human,  coni. 

Plasma  Glucose  Agar,  514,  587 
Preparation,  515-16 

Humidity,  Climatic,  Tropical,  Effects  on 
Europeans,  1,  2,  5,  6 
of  Storage  Chambers,  88 
Humphreys,  Ltd.,  Mosquito-Proof  House  con¬ 
structed  by,  on  Mayer’s  Plans,  56 
Huntoon’s  Hormone  Medium,  511 
Husemann’s  Test  for  Morphin  Residue  in 
Analyses  for  Poisons,  849 
Huts,  Native,  60,  191 

Burning  ;  when  Tick-Infested,  279 
Thatched,  61 
Ventilation,  62 

Ticks  Infesting,  191,  274,  275,  279,  289 
Hyaenanchin,  772 
Hyaenas,  236 

Hvaline  Bodies  in  Blood  resembling  Malarial 
Parasites,  545 
Leucocytes,  Large,  540 
Hyalomma,  281,  286,  289,  290 
Bites,  283 

Identification,  289,  290 
Species 

segyptium,  287,  289 
syriacum,  287,  289 
Hydatid  Cysts,  Fluid  from,  564,  567 
Indications  of,  in  Sputum,  570 
in  Liver,  605,  609 
in  Lungs,  613 
in  Spleen,  605,  607 
Disease,  Eosinophilia  in,  543 
Wassermann  Test  in,  554 
Hydraulic  Filling,  Anti-Malarial,  391 
Hydrelaps,  716,  717 
Habitat,  692 

Species  :  darwiniensis,  717 
Hydrochloric  Acid 

Dilute,  for  Water  Sterilization,  31-2 
Free,  Tests  for,  571 

Fuming,  in  Staining  Thick  Blood  Films, 
531 

Poisoning;  Emergency  Treatment,  269 
in  Poison  Test,  822  sqq .,  850,  855  passim 
Pure,  Preparation  of,  808,  837 
Hydrocyanic  Acid,  Toxic  Principle  in 
Phaseolus,  786,  787 

Gas,  as  Anti-Vermin  Fumigant,  59,  189. 

194,  207,  221,  229,  317,  318,  485 
Poisoning  ;  Emergency  Treatment,  270 
in  Poisoning  Cases  ;  Distillation  Test, 
800,  819 

Hydrogen-ion  Concentration  Method  of 
Standardizing  Culture  Media, 
504  sqq. 

Content- Increase,  on  Sterilization,  506-7 
Hydrogen  Peroxide,  for  Preparation  of  Flea- 
Specimens,  483 

Sulphide,  Precipitation  by,  of  Filtrate  of 
Metallic  Poisons,  826 
Examination  of,  827 

Sulphuretted,  Poisoning  by ;  Emergency 
Treatment,  270 
Hydrometridae,  311,  323 
Hvdronephrosis,  Bilharzial,  608 
Hydrophinae,  684,  714,  715,  716 
Characters,  685,  686,  689,  690 


Hydrophinae,  coni. 

Classification,  690 
Key  to,  689 

Habitat,  690,  691,  692,  715 
Synopsis  of  Genera,  716 
Hydrophis,  692,  716,  717 
nigrocinctus,  717 
Hydroxyl-ions,  504 
Hydrus,  692,  716 
platurus,  716 

Hygiene  of  Indian  Birth-Chamber,  268 
General  Tropical,  26  sqq. 
of  the  March,  17  sqq.,  23,  26 
Personal,  1  sqq. 

Bowel-Regulation,  20 
Chill-Prevention,  17,  20 
Cleanliness,  19 
Climatic  Effects,  1  sqq. 

Prophylaxis  against,  11,  26 
Dental,  19 
Nurses’,  240  sqq. 

Oral,  19 

Patients’,  1,  243,  244 
Hymenoptera,  273 

Inimical  to  Tabanids,  418 
Packing  for  Transmission,  488 
Hynanche  globosa,  772 
Hvoscin,  852 

Tests  for,  851,  852 
Hyoscyamus,  805,  837,  851 
Species 

muticus,  813 
niger,  813 

Hyoscyamin  Poisoning 
Melting-point,  852 
Separation  of,  837 
Tests,  851,  852 

Hyperglycaemia  due  to  Climate,  5 
Pyrexia  of,  6 

Hypochondriacs :  Weir  Mitchell  Treatment, 
258 

Hypoderma 

Classification  by  Larval  Habits,  435 
Larvae,  444 

Hides  Damaged  by,  441 
Myiases  due  to,  444 
Species 
bovis,  444 
lineata,  444 

Hypodermic  Injections,  254 
Hysteria,  Epidemic  (Tarantism),  272 
Weir  Mitchell  Treatment,  258 
Hystricopsylla,  484 
tripectinata,  481 
Hystrix,  278 


ICE,  93,  94 
Making,  245 
Purity  Essential,  257 

Uses  in  Illness,  245,  247,  248,  253,  254,  257, 
258,  266 
Ice  Bags,  257 
Baths,  253 

Box  or  Ice-Chest,  89,  112,  257 
Substitutes,  89 

Method  of  Wassermann  Test,  559-60 
Factories,  122 
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Icing  of  Foods  and  Drinks,  26,  245,  247,  248, 
257 

Iceland  Spar  in  Cattle  Poisons,  805 
Ichneumonids  ;  Packing  for  Transmission,  489 
Icteroid  Pigmentation,  Noted  Post-mortem, 
605 

Ideal  Feeding- Cup,  249 

Identification  of  Pathogenic  Organisms, 
592  sqq. 

Ikan  satan,  795 

Ileum,  Post-mortem  Examination,  611 
Tuberculous  Lesions,  611 
Ulcers  ;  Smear  Preparations  from,  611 
Ilex  paraguariensis,  86 
Illicium  anisatum,  779 

religiosum,  Poisoning  by,  779,  837,  844 
Illumination  for  Microscope,  597-8 
Ilysiidae,  685,  688,  689 
Immune  Bodies  in  Sera,  624 
Immunity,  Active  and  Passive,  624,  635 
Produced  by 
Sera,  624 
Vaccines,  635,  in 

Bacillary  Dysentery,  649 
Cholera,  648 
Detoxicated,  642,  643 
Post-Enteric,  646 
Reaction,  634 

Imperial  Bureau  of  Entomology,  487 
Drink,  245 

Impotability  of  Water  ;  Causes,  99 
Impounding  Reservoirs,  95,  101 
Incineration  of  Excreta,  Manure,  Refuse,  &c., 
142,  147,  166,  168,  184,  186,  200, 
211,  214,  433,  434 

with  Separation  System,  142,  147,  164 
Incinerator  Staff  ;  Housing,  176 
Incinerators,  142,  147,  169,  184,  187,  200  sqq. 
Closed,  169,  187 
Construction,  169 
Horsfall  Type,  176 
Open,  187-8 

Williamson’s  Multiple  Shelf,  175 
Working  of,  169,  176 
Incubators,  Laboratory,  496 
Indaconitin,  853 
India,  Antivenenes  for,  760 

Deaths  in,  from  Snake-Bite,  691,  699,  727, 
756 

Disinfection  in,  of  Jails  and  Asylums,  220 
Milk  Standards  for,  70 
Non-Poisonous  Snakes  ;  Bites,  757 
Poisonous  Snakes,  693 

Amount  of  Dried  Venom  yielded  by, 
Table,  730 

Bite  not  always  Lethal,  727 
India-rubber  Articles  ( see  also  Rubber), 
Hospital  Storage,  269 
Indian  Bean,  78 

Cobra,  see  Naia  tripudians 
Coral  Snakes,  see  Callophis ,  Doliophis,  and 
Hemibungarus 

Corn,  76 
Crotalinse,  697 
Hemp,  302,  776,  798 
Jail  Disinfection,  220 

Keelback  Snake,  see  Tropidonotus  pisci- 
vorus 


Indiail,  coni. 

Kraits,  see  Bungarus  candidus ,  and  fasciatus 
Midwives,  260 

Training,  240,  268 

Ocean,  Hydrophinae  of,  COO,  692,  715, 

716 

Opium,  see  under  Opium 
Poisonous  Plants,  802,  855 
Rat  Snake,  see  Zamenis  mucosus 
Salmon,  73 

Snake  Charmers,  718  sqq. 

Goddess,  718 
Worship,  725 
Spinach,  81 

Tree  Snakes,  see  Boidae,  and  Dipsadinae 
Viperidae ;  Lethality,  691,  697 
Wet-Nurses,  Training,  240 
Indican  in  Urine  ;  Test,  582-3 
Indicators  for 

Culture  Media,  503,  511,  514,  522 
Steam-Pressure  Apparatus,  216 
Indigestion,  5,  21,  22,  26 
Infantile,  249,  262,  264 
Indol  Production,  22 

Tests  for,  510,  521,  533,  603 
Stool-Odour  due  to,  574 
Infantile  Diarrhoea,  see  under  Diarrhoea 

Diseases,  see  each,  under  the  Mam  Name  of 
the  Disease 

Mortality  as  influenced  by  Tsetse-Fly,  468-9 
Infants,  European,  in  the  Tropics 
Care  of,  259  sqq. 

Clothing,  259 

Cots  ;  Screening,  259 

Crying,  260 

Exercise  for,  259,  260 

Feeding,  Artificial,  23,  261  sqq. 

Breast,  23,  260 

Foods,  Prepared,  Unsuitable  in  the  Tropics, 
Leucocytosis  in,  542 
Lymphocyte  Percentage  in,  543 
Napkins,  259 

New-Born  ;  Normoblasts  in  Blood,  539 
Pulse-Rate,  250 
Teething,  Diet  for,  262 
Water,  Plenty  of,  Essential  for,  24,  25 
Weaning,  262 

Infections  regarded  as  Anaphylactic  Pheno¬ 
mena,  635 

Infectious  Diseases,  see  also  under  Names 
Management  of,  Matters  of  Special  Impor¬ 
tance  in,  267 

Inflammation  of  Abdominal  Viscera,  Post¬ 
mortem  Observations,  607,  608, 
609,  610 

Inflammatory  Conditions,  Septic 

Polymorphonuclear  Leucocytosis  in,  542 
Glycogen  Reaction  Advisable,  543 
Process,  Indication  of,  in  Pathological 
Fluids,  564 

Influenza 

Causal  Organism,  see  B.  influenza 
Leucopenia  in,  542 

Leucocytosis,  Polymorphonuclear,  Absent 
from,  543 
Prophylaxis 
Vaccine,  646 
Dosage,  641 
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Influenza,  coni. 

Treatment 

Serotherapy,  632 

Vaccine,  641 

Vaccines 

* 

Preparation,  641 
Media  for,  641,  642 
Infra-Red  Solar  Rays,  7,  213 
'  Inga  Beans,  78 
Inks,  for  Writing  on  Glass,  500 
Inman’s  Method  for  Detection  of  Entamoeba 
Cysts  in  Stools,  577 
Inoculation  of 

Animals ;  Methods,  534 
Anti-Tetanic  Serum ;  Methods,  627-8 
Culture  Media  ;  Rules,  533 
Fluid  Media  when  but  little  Inoculum  is 
available,  518 

Inoculation,  Prophylactic  ( see  also  Anti- 
Variolous  Vaccine,  and  Sera  and 
Vaccines),  27 

Inorganic  Powders  in  Poisoning  Cases  ;  Tests, 
799,  806,  807,  816 

Insanity  as  due  to  Indian  Hemp,  &c.,  777 
Insect  Bites,  Tinct.  Iodi  to  Alleviate,  33,  34 
Development ;  Factors  conditioning,  421 
Insect-Proof  Hanging  Food  Safe,  89 
Insect-Repellants,  33,  34,  178,  195,  299,  373, 
381,  388,  401 
Store-Boxes,  488,  494 
Insecta,  271,  272 

Insecticides,  33,  34,  277,  299,  374 
Insects,  Aquatic,  Larvicidal,  400 
Exclusion  from  Store-Rooms,  268 
Food-Protection  from,  .24,  89 
Fumigation  to  get  rid  of,  221,  228,  229 
Insects  Parasitic  on,  273 
Predaceous,  Enemies  of  Mosquitoes,  341 
Protection  from,  of  Infants,  259 
as  Vermin,  189 

Measures  against,  190  sqq. 

Insomnia;  Causes,  6,  21,  298 
Instrument-Cupboards,  Rust-Prevention  in, 
269 

Instruments  and  Appliances  requisite  for 
Nurses,  241 

Sterilization  by  Boiling,  501 
Intakes ;  Protection,  103 
Intellectual  Pursuits,  Value  of,  18 
Internal  Myiasis  (Intestinal),  Flies  Causing, 
273,  438,  445,  446 

Intestinal  Diseases,  Conveyed  by  Ants,  273 
Disorders,  Breath  in,  251 
Irritation,  Foods  Causing,  76,  78 
Toxaemia,  22 

Tract,  Mucous  Surface,  Post-mortem  Ex¬ 
amination  of,  611 
Ulcerations,  Indications  of,  574 
Intestines  ;  Post  -  mortem  Examination, 
610  sqq. 

Intracranial  Inoculation  of  Animals,  534 
Intraperitoneal  Inoculation  of  Animals,  534 
Intravascular  Pigment  in  Malaria,  see  Malarial 
Pigment 
Intussusception 
Agonal,  611 
Blood  in  Stools  of,  574 
Infantile,  264 


Invalids,  see  Patients 

Iodic-Acid  Test  for  Morphin  Residue,  849, 
850 

Iodide  of  Potassium  Ointment,  256 
Iodine  in  Insect-Preserving  Solutions,  489 
Liniment ;  Applications,  256 
Method  for  Demonstration  of  Amyloid 
Degeneration,  619 

Solution  as  Alkaloid  Precipitant  in  Poison 
Tests,  848 

Lugol’s,  523,  524,  525,  531,  616,  619 
Sterilizing,  534 
Test  for  Bile  in  Urine,  582 
Tests,  Post-mortem  for 

Liver  Lobules  for  Waxy  Disease,  609 
Spleen,  607 

Tincture  of ;  Uses,  33,  34 
Trichloride,  Calmette’s,  for  Destroying 
Venom,  739 

Iodoform,  as  Flea-Repellant,  485 
Spotting  Test  for  Poisons,  820,  821 
Iodophilic  Granules,  in  Polymorphonuclear 
Neutrophil  Leucocytes,  539 
Ipoh  Arrow-poison,  769,  773 
Ipoh  aker  Arrow-Poison,  769,  773 
Ipomoea  batatas,  80 
Iridaceae,  784 
Irie,  772 

Iron,  Colouring  Effect  of,  on 
Blood,  573 
Faeces,  573 

in  Poisoning  Cases,  Search  for,  799,  803,  822 
Iron  Alum  in  Staining  Work,  531 

Ammonium  Sulphate  Solution  for  Dif¬ 
ferentiation,  532 
Bacteria,  99 
Cups,  Sanitary,  143 

Dialysed,  or  Rust,  in  Emergency  Treat¬ 
ment  for  Arsenic  Poisoning,  270 
Haematoxylin  for  Staining  Rabies  Material, 
602 

in  House  and  Roof  Construction,  &c.,  37, 
61,  67,  100,  196 
Latrine  Box-Seats,  136 
Perchloride  for  Water  Clarifying,  116 
Reaction  in  Malaria,  see  Haemosiderin 
Sulphate,  235 

Iron-Mould  ;  Prevention  in  Mattresses,  269 
Irrigation  Areas  and  Malaria,  390,  406 
Methods,  Water  Collection  for,  102 
Subsoil,  with  Sullage,  127 
Surface,  Sullage  Effluent  for,  127 
Trenches,  Latrines  over,  140-1 
Irritant  Poisons  and  Irritants  Used  as 
Poisons,  763,  800 

Examination  and  Tests,  799,  802,  803, 
804,  805,  806,  815,  837,  844 
Irritation  Cells  of  Tiirck,  540 
Ischaemia,  Tropical,  6 
Isin,  770 

Isolation  as  Cause  of  Morbidity  and  Mor¬ 
tality,  8 

of  Pathogenic  Organisms,  592  sqq. 

Post-mortem  Methods,  607  sqq. 
of  Sick  Persons,  241 
of  Vaccine  Animals,  666 
Isonitrile  Reaction  as  Spotting  Test  for 
Poisons,  821 
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Isotonic  Salt  Solution  in  Serum  to  prevent 
Anaphylaxis,  633-4 
Itch,  the  (see  also  Scabies),  272 
Copra,  192 
Grain,  192,  272 
Grocer’s,  272 
Raw  Sugar,  192 
Tea-Planter’s,  272 
Vanilla,  272 
Water,  272 

Itch  Mites,  191-2,  272,  275 
Ixodes,  281,  282,  283 
Bites,  283 

Identification,  289,  290 
Pathogenicity,  288,  289 
Species 

bicornis,  284 
pilosus,  284 
putus,  275,  284 
rasus,  284 

ricinus,  284,  288,  289 
Ixodidae,  274,  276,  281 
Ixodoidea,  272,  274 
Families,  276  sqq. 

Izal  Solution,  235 


JACK  BEAN,  78 
Horse-Eyed,  792 
Jackals,  236,  718 
Flea  Found  on,  484 
Jacks,  792 
Jaggery  (Sugar),  85 
Jail  Disinfection  ;  India,  220 
Jalap,  Poison  from,  854 
Jalousies,  53 

James’s  Method  for  Staining  Thick  Blood 
Films  for  Malarial  Parasites,  Modi¬ 
fication  of,  531,  536 
Janthinosoma ,  361 
Pathogenicity,  362 
Species 
lutzi,  362 
posticata,  362 
Jantras,  728 
Japaconitin,  853 
Japan,  Antivenenes  for,  760 
Japanese  Fly-Traps,  209 
Rat  Flea,  481 

River  Fever,  Insect  Conveying,  272 
Jararacucu,  710 
Jatropha  carcas,  780 
Oil,  Test  for,  843 
gossypifolia,  781-2 

Poisoning  by  Seeds,  782 
multifida ,  780 

Poisoning  by  wSeeds,  782 
ur.ens.,  Poisoning  by  Leaves,  782 
Jaundice 

Infectious  or  Weil’s  Disease 
Icteroid  Pigmentation,  605 
Insect  Vectors  (suspect),  419 
Liver  in,  610 

Post-mortem  Indications,  605,  610 
Obstructive 

Bowel  Contents  ;  Post-mortem,  611 
Stools  in,  Colour  of,  573 
Java  Beans,  786 


Javelin-Fish,  74 
Jaw,  Lower,  of  Snakes,  683 
Jejen  Fly  of  Cuba,  379 
i  Jejunum,  Post-mortem  Examination  of,  611 
Jellies 

Artificial,  247 
Chicken,  246 
Meat,  246 

Jelly-Fish  Stings,  794,  797 
Jequirity  Seeds,  764,  805,  815 
Jerusalem  Artichokes,  80 
Jew-Fish,  74 

Jews,  Religious  Laws  of,  on  Diet,  &c.,  267 
Jew’s  Mallow,  or  Jute,  81 
Jeyes’  Fluid,  820 

Jigger  Flea,  see  Dermatophilus  penetrans 
Jinja  Fly,  382 
Joala,  85 

Johannseniella,  380 
Johannsenomyia,  378,  380 
John  Crow  Beads,  764 

John’s  Earth  Snake,  used  by  Charmers,  719 
Joint  Diseases,  Obscure,  Thomson’s  Comple¬ 
ment  Fixation  Test  for  Gono¬ 
rrhoea  in,  561 

Joshi’s  Chemical  Milk  Standard,  70 
Juar  or  Joar,  76 
Junction  Springs,  97 
Jungles,  Housing  in  relation  to,  392-3 
1  Junket,  248 
Jute  or  Jew’s  Mallow,  81 
Juvia  Butter,  81 


KACHU,  80 
Kaddu,  81 
Kadjan,  77 
Kaffir  Beer,  62 

Preparation,  85 
Corn,  76 

Kahlbaum’s  Methyl  Alcohol,  530 
Kala  Azar 
Anamiia  of 

*  Endothelial  Cells  in,  540 
Post-mortem,  605 

Blood  Coagulation-Time  Diminished  in,  537 
Blood  Puzzles  in,  545,  546,  547 
Eosinophil  Diminution  or  Absence  in,  542 
Flies  as  Possible  Vectors,  430,  485 
Leucocytosis,  Mononuclear,  in,  543 
Leucopenia  in,  542 
Liver  Cirrhosis  in,  605,  610 
Post-mortem  Indications,  605,  606,  610,  612 
Puncture  in,  Splenic  or  Hepatic,  605 
Spleen  Puncture  Smears  in,  Blue  Cells 
in,  546 

Spread  ;  Insect  Vectors  Suggested,  317, 
321,  430,  485 
Stools,  574 

Symptoms,  540,  605,  606,  610,  612 
Karabi,  784 
Kara  bin,  784 
Ivarru,  81 

Katatliermometer  of  Hill,  62 
Kau-liang,  76 

Keating’s  PoWder,  33,  193,  209 
Keelback  Snake,  see  Tropidonotus 
Keloid  Scars,  606 
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Kentucky  Sanitary  Privy,  179 
Karau,  80 
Kaner,  784 

Kerosene  Oil,  Anti-Insect  Uses.  85,  89,  132, 
134,  176,  194,  197,  211,  214,  222, 
300,  318,  398,  433 
Oil-Engine  Pumps,  105-6 
Tins  as 

Cold  Store,  89 

Latrine  Receptacles,  142,  146 
Smoke  Boxes,  138 
Keuntiah  Nag,  Ferocity  of,  719 
Key-hole  Shields,  268 
Khaki  Clothing,  15,  18 

Attractive  to  Tsetse  Flies,  47 
Thigh  Boots,  30 
Khamid,  718 
Kharchouf,  80 

Khartoum  Type  of  Public  Latrine,  160-4 

Ivhas-Khas  Tatties,  54,  243 

Khesari  dal,  78 

Kliilat,  92 

Kid  Meat,  68 

Kidney(s) 

Abscess,  Bilharzial,  608 
Amyloid,  608 

Animal  Parasitic  Infestations,  608 
Calculi  in,  608 

Capsule,  Stripping  of,  Indications  from,  607 

Cortex,  in  Disease,  607 

Disease,  Breath-Odour  in,  251 

Effect  on,  of  Tropical  Climate,  6 

Filaria  in,  608 

Flushing,  24,  25 

LLemosiderin  in,  620 

Infarcts  in,  607 

Inflammation  due  to  B.  coli  Infection,  608 
Post-mortem  Examination  of,  607,  608 
Scrofulous  or  Tuberculous,  608 
Septic  Affections  of  ;  Indication,  586 
Weight,  607 
Kilteb,  382 
Kimputo,  278 

Kinases  in  Venom,  725,  738,  739,  748,  749 
King  Cobra,  see  Naia  bungarus 
King  Fish,  Edible,  73 
Mulatto,  793 
Poisoning  by,  793 
Treatment,  794 

King’s  Filter  Pit  and  Trench  Latrine,  164 
Kino  in  Poisoning  Cases,  270 
Kipp’s  Apparatus,  836 

Kissa,  Island  of,  Racial  Acclimatization  on,  8 
Kitajima’s  Antivenene,  760 
Kitchen  Cloths,  Precautions  with,  90 
Refuse 

Disposal  of,  184 
Receptacles  for,  181 

Utensils  ;  Potassium  permanganate  Cleans¬ 
ing,  90 

Kitchens,  Camp,  63 

Communal  ;  Mombasa,  63 
Inspection,  35 
Position,  58 
Kite  Net,  488 

Klebs  Loffler  Bacillus,  see  B.  diphtherias 
Knappe’s  Test  for  Rapid  Detection  of  Water 
added  to  Milk,  71 


Knapsack  Sprayer,  398 
Koch’s  Steam  Sterilizer,  501 
Koch-Weeks  Bacillus,  see  under  Bacillus(i) 
Koko,  80 

Kola  Nut  Seeds,  86 
Kolkas,  80 

Kombi  or  Kombe,  Arrow-Poison,  767,  772 
Koormat,  796 

Korsas  for  Cattle-Poisoning,  805 
Kosotoxin  ;  Extraction,  844 
Krait,  Banded,  see  Bungarus  fasciatus 
Common,  see  Bungarus  candidus 
Krait  Poisoning,  Chronic,  746 
Kraits,  see  Bungarus 
Kubel-Tiemann’s  Litmus  Solution,  522 
Kummerbunds,  14,  30 
Kupe,  278 

Kurloff’s  Bodies  in  Blood  of  Fowls  and 
Rats,  547 

Kyass,  Arrow-poison,  769,  773 


LAAKE  and  Bishopp’s  Fly-Trap,  210 
Labaria,  710 
Labels  for 

Bottles  holding  Poisonous  Drugs,  254 
Entomological  Specimens,  489 
Labeo  rohita,  75 
Labidomyia,  380 

Laboratory  Animals,  those  usually  Employed, 
534 

Laboratory,  the,  Site  and  Equipment  of,  495, 
496  sqq. 

Methods,  495  sqq. 

Anti-Variolous  Vaccine  Establishment  in 
the  Tropics,  662 

Bacteriological  Analysis  of  Water,  602 
Examination  of  Material,  General 
Rules  of  Procedure  for,  533-4 
Blood  Examination,  535 
Culture  Media,  501,  502 
Examination  of  Pathological  Fluids,  562 
Histological  Methods,  615 
Post-mortem  Examinations,  604 
References,  622 

Sera  and  Vaccines,  621,  623,  635 
Stains  and  Staining,  523 
Tests,  Special,  for  Differentiating  Organ¬ 
isms,  521 

Transfusion  of  Blood,  654 
Lacertilia,  683 
Lachesis 

American,  708,  709 
Lethality,  757 

Synopsis  of  Species,  709  sqq. 

Asiatic,  693,  698,  700 
Synopsis  of  Species,  700 
Characters,  685,  697,  698 
Habitat,  693,  700,  709 
Indian 

Bites,  Non-Lethal,  727,  757,  758 
Species 

alternatus,  710 
ammodytoides,  711 
anamallensis,  700 
air  ox,  710 
aurifcr,  709 
bicolor,  709 


GENERAL  INDEX 


Lachesis,  cord. 

Species,  cont. 
bilineatus,  710 
borneensis,  711 
br  achy  stoma,  711 
cantoris,  701 
castelnaudi,  709 
flavomaculatus,  700 
flavovirides,  Venom,  M.L.D.,  743 
godmani,  709 
gramineus,  700 

Bite ;  Death-Time,  745 

Not  always  Lethal  to  Man,  684,  727 
Venom,  737 

Amount  Injected  at  a  Bite,  745 
Dried,  Yield,  730 
M.L.D.,  743 
jerdonii,  700 
lanceolatus,  710 
Venom 

Dried,  Yield,  731 
M.L.D.,  743 
lansbergii,  709 
lateralis,  709 
macrolepsis,  700 
macrosquamatus,  700 
microphthalmus,  711 
monticola,  700 
mutus,  710 

Venom,  M.L.D.,  743 
neuwiedii,  710 

Venom,  M.L.D.,  743 
nigroviridis,  709 
nummifer,  710 
okinavensis,  700 
pictus,  711 
pulcher,  711 
puniceus,  701 
purpureomaculatus,  700 
riukianus,  701 
Antivenene,  760 
schlegelii,  709 
strigatus,  700 
sumatranus,  700 
trigonocephalus,  700 
undulatus,  710 
wagleri,  701 
xanthogrammus,  710 

Venom,  see  also  above,  under  Names  of 
Species 

Proteolytic  Ferments,  749 
Toxic  Substances,  746,  747 
Lachrymal  Sac,  Inflammations  of ;  Causes,  569 
Lactic,  Acetic,  and  Butyric  Acid  in  Gastric 
Contents  ;  Test,  571 
Lactic  Acid  for  Tea-Disinfection,  31 
Lactometer,  225 
Lactojnethylene  Blue,  527 
Laffe,  795 

Lagenaria  vulgaris ,  81 

Lagoons,  Malaria  associated  with,  390,  405 

Laiping  of  Houses,  210-11 

Lairs  of  Animals,  Ticks  from,  attacking  Man, 

•  275 

Lajra,  76 
Lakes,  93,  94 

Water  of,  95 
Lamb’s  Antivenene,  760 


Lamp-Black  mixture  for  Latrines,  136 

Lampris  luna,  73 

Lamps 

Bedroom,  Insect- Attracting,  195 
Dark  Ground  Illumination,  498 
Incubator,  496 
Latrine,  160 
Nernst,  645 

Painter’s  or  Plumber’s,  for  Flaming  Insect 
Haunts,  195,  318 
Lancing  of  Gums,  262 
Land  Leeches,  15,  190 

Snakes,  Poisonous  to  Man,  684,  689,  see 
also  Elapinae 
Habitat,  692,  693 

Land,  Low-lying,  Filling-up  with  Refuse,  184 
Springs,  95-6 

Lander’s  Test  for  Free  Hydrocyanic  Acid,  820 
Landry’s  Paralysis,  Ascending,  from  Bun- 
garus  Venom,  752 

Lane,  Clayton,  Privies  designed  by,  179, 
181 

Lange’s  Colloidal  Gold  Test,  566,  567 
Langhan’s  Method  for  Staining  Glycogen  in 
Tissues,  619 

Lanolinated  Anti -Variolous  Vaccine,  682 
Lanolin,  18,  256,  639 
Lantern  Flies  ;  Wax-Secretion,  310 
Larders,  Fly-Proof,  89 
Subterranean,  88-9 

Larvae,  Dipterous,  Passing  through  Alimen¬ 
tary  Canal,  Synopsis  of  Groups, 
445 

Larvicides,  Anti-Malarial,  394,  398,  399 
Larvivorous  Fish,  341,  400 
Laryngeal  Affections,  Hoarseness  and  Stridor 
in,  250-1 
Lates  niloticus,  75 
Lathyrism(us),  78,  782 
Lathyrus  cicera,  782 
clymenum,  782 
sativus,  78,  782 

Latrine  Flies  ( Fannia ) ;  195,  274,  421,  426 
Measures  against,  133  sqq.,  207 
Urinary  Myiasis  due  to,  446 
Latrine  Parks,  128-9,  132 

Trenches,  129,  132,  133,  134,  135,  138.  140 
Latrines  ( see  also  Privies),  128 
for  Europeans,  158 
Floors,  158 

Fly-Poison  for  use  in,  207 
Fly-Proof,  130,  145-6,  160 
Funnel  Pattern,  149  sqq. 

Mackenzie  Pattern,  148 
Morgan  Type,  181 

Old,  Damp,  Phlebotomus  Breeding  in,  194 
Over  Side  of  Ship,  141 
Over  the  Sea,  135 
Pails  for,  147,  154 
Capacity,  153 
Disinfection,  165,  166 
Makeshift,  142  sqq.,  146 
Private,  53,  152,  156,  158 
Public,  130,  160 
Capacity,  153 

Design  and  Management,  158  sqq. 

Lamps  for,  160 
Roofing,  132,  143,  149,  158 
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Latrines,  cont. 

Seats,  130,  134  sqq.,  145,  160 
Area,  159 

Fly-Proof,  144,  147 
Shallow,  129,  132 
Covers  for 
Lucas,  134 
Plank,  133 
Temporary,  149 
Ventilation,  149,  158 
Walls,  149,  158 
With  Receptacles,  142 
Without  Receptacles,  128  sqq. 

With  Seats,  130,  135  sqq.,  145 
Latrodectus,  190-1 
Laundries,  Bugs  Spread  by,  316 
Laundry  Precautions  for 
Hospitals,  269 

Private  Individuals,  123,  269 
Sul  1  age,  123 
Lavage  Pits,  144 

Lawrence  Patent  Water  Softener  and  Steri¬ 
lizer,  112 
Laxatives,  33 
Drugs,  34 
Fruit,  84 
Milks,  71 

Lead  and  Opium  Pills,  34 
Lead  in  Poisoning  Cases,  Search  and  Tests 
for,  799,  822,  823,  824,  827,  829, 
830 

Mixed  with  Barium  ;  Test,  824 
Acetate,  Basic,  in  Test  for  Opium  Poison¬ 
ing,  814,  840,  841 

Chromate,  Mistaken  for  Yellow  Arsenic, 
807 

Lead  Poisoning 

Basophilic  Erythrocyte  Degeneration  in,  546 
Oligocythaemia  in,  539 
Polychromatophilia  in,  539 
Leaden  Tanks,  100 

Leather  Articles  {see  also  Boots),  Harbouring 
Mosquitoes,  35 
Storage,  269 
Water  Vessels,  105,  109 
Leaves,  Poisonous,  766,  772,  776,  782,  789, 
804  sqq.  passim 

Search  for,  in  Poisoning  Cases,  799,  803, 
807,  813 

as  Vehicles  for  Poisons,  805 
Lecithin  and  Lecithin-cholesterin  Extracts,  in 
Wassermann  Test  using  Cerebro¬ 
spinal  Fluid,  559 
Leban  Zebadi,  92 

Le  Boeuf  and  Braun’s  Dried  Bile  Blood 
Culture  Medium,  554 
Leech-Bite ;  Treatment,  190 
Leeches,  189 

Exclusion  and  Destruction,  15,  190 
Land,  15,  190 
Medicinal,  258 
Water,  190 

Lefroy’s  Spray,  Anti-Fly,  207 
Leggings,  15,  16 

Legs  and  Ankles,  Protection  of,  15,  16,  30 
Leguminosae,  Arrow-Poison  from,  764,  773 
Leguminosae-Papilionatae,  Poison  from,  786, 
787 


Leishmania 

Blood  Platelets  Resembling,  546 
Causing  Uta,  381 
Cultural  Forms  ;  Staining,  530 
Culture  Media,  513 
in  Espundia,  Demonstration  of,  568 
donovani,  485 

tropica  Crithidia  in  House-Fly,  430 
Leishmaniasis,  see  also  Kala  Azar 
Insect  Vectors,  388 
Cutaneous  (Oriental  Sore),  588 
Causal  Organism.  568 
Insect  Vectors,  Actual  and  Suspect,  373, 
381,  388,  419,  430,  432 
Local,  Noted  Post-mortem,  606 
Muco-Cutaneous,  568 
Leishman’s  Method  of 

Counting  Leucocytes,  542 
Staining 

Blood  Films  and  Protozoa.  529,  536 
Spirochaetaceae,  528 
Trypanosomes,  533,  599 
Stain,  528,  529,  531,  536 

for  Histological  Sections,  618 
Lelean’s  Disinfestor,  306 

Waterproof  Mixture  for  Canvas,  29 
Lemco  Nutrient  Broth  Culture  Medium,  507, 
508 

Le  Moignic  and  Sezary’s  Lipo-Vaccines, 
635-6,  639 

Lemonade,  Home-Made,  245 
Lemon-Juice  ;  Anti-Scorbutic  Value,  84 
as  Poison  Antidote,  269 
Lens  esculenta,  79 
Lenses  of  Microscopes,  497,  498 
Lentils,  77,  79 
Lepidoptera,  273 

Lepidopteron,  Larvae  of  Fleas  Preying  on, 
484 

Lepisma,  273 
Leprosy,  35 

Causal  Organism,  see  Bacillus  lepras 
Fly-Spread,  432 
Hepatic,  609 

Indications  of,  Noted  Post-mortem,  607, 
608,  609,  613 
Lungs  in,  Nodules  in,  613 
Nodular,  Spleen  in,  607 
Testicular,  608 

Tubercular,  Wassermann  Reaction  in, 
560 

Leprous  Granulomata  ;  Differential  Diag¬ 
nosis,  590 
Leptoconops,  377,  378 
Pathogenicity,  380 
Species 

albiventris,  378 
bezzi,  378 
braziliensis,  378 
interruptus,  378 
irritans,  378 
kerteszi,  378 
laurse,  378 
stygius,  378 
torrens,  378 
Leptomonas 

Species  Spread  by  Flies 
calliphorse,  431 
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Leptomonas,  cont. 

Species  Spread  by  Flies,  cont. 
homalomyix ,  431 
lineata,  431 
lucilix,  431 
mesnili,  431 
muscx-domesticx,  431 
pycnosomx ,  431 
roubaudi.  432 
sarcophagx,  432 
stratiomyix,  432 
soudanensis,  431 
Leptospira  icterohxmorrhagix 
Cultivation,  Methods  of 
Griffiths,  519 
Noguchi,  519 
Staining,  528-9 

Lesser  House-Fly,  see  Fannia  canicularis 
Leting,  85 
Leucin,  22 
in  Urine,  584 
Leucocyte  Counts 

Average,  in  Health,  539 
Blood  Films  for,  535 
Differential,  Technique  for,  544 
Indicative  of 

Leucocytosis,  543 
Leucopenia,  542 
Leucocytes,  535,  539 
Classification,  539-40 
Degenerated,  547 

Differentiation  of,  from  Malarial  Gametes, 
547 

Eosinophil,  539,  564 

Proportion  in  Normal  Blood,  540 
Estimation  Methods,  541,  542 
in  Fresh  Blood  Preparations,  535 
Mononuclear,  Large,  540 

in  Leucocytosis  :  Diseases  in  which  Seen, 
543 

Proportion  in  Normal  Blood,  540 
Transitional,  540 
Number,  Variation  in,  542-3 
Pathological,  found  in  Circulating  Blood, 
540 

Phagocytic  Properties,  539 
Polymorphonuclear,  in  Excess,  when  found, 
564,  565 

Arneth  Index  for,  543 
Neutrophil,  539 

Proportion  in  Normal  Blood,  540 
and  Pus  Cells,  in  Urine,  584 
in  Stools,  576 

as  Used  in  Determination  of  Opsonic  Index, 
552 

Leucocythaemia,  see  also  Leukaemia 
Cardiac  Haemorrhages  in,  613 
Indications  noted,  Post-mortem,  608,  610, 
613 

Liver  in,  6f0 
Plasma  Cells  in,  540 
Suprarenal  Capsules  in,  608 
Leucocytic  Casts  in  Urine,  586 
Leucocytosis 

Pathological,  542-3 
Physiological,  542 

Polymorphonuclear,  when  Seen,  542-3 
Leucolysins  in  Venoms,  749 


Leucopenia 

Pathological,  542 
Physiological,  542 
Leukaemia(s) 

Megaloblasts  in,  539 
Normoblasts  in,  539 
Polychromatophilia  in,  538 
Post-mortem  Indications,  607,  609,  610 
Lymphatic 

Basophilic  Erythrocyte  Degeneration  in, 
546 

Haemorrhage  in  Kidney  Cortex  in,  607 
Liver  in,  610 

Lymphocytosis,  Absolute,  in,  543 
Spleen  in,  607 
Stomach  Ulcers  in,  609 
Myeloid 

Myeloblasts  in,  540 
Myelocytes  in,  540 
Myelogenous,  Eosinophilia  in,  543 
Spleno-Medullary,  Spleen  in,  607 
Levant  Nuts,  see  Cocculus  indicus 
Lice 

Anoplura,  189,  291,  294 
Bionomics,  294 

Collection  and  Preservation,  494 
Disinfestation  Methods,  216,  299 
Feeding  Habits,  295,  317 
Haunts,  296  sqq.,  317 
Life  History,  294 
Migrations,  296,  308 

Pathological  Effects  and  Relation  to 
Disease,  298,  308 
References,  308 
Mallophaga,  273,  494 

Lids  for  Latrine  Receptacles,  145,  146,  148, 

154 

Liebig’s  Extract,  in  Culture  Medium,  516 
Ligature  for 

Poisoned  Arrow  Wounds,  770 
Snake-Bite,  753,  755,  758,  759,  761 
Light,  see  also  Solar  Rays 

and  Air,  in  and  under,  Houses,  Floors,  and 
Verandas  ( see  also  Ventilation), 
36,  46,  47,  120,  192 
as  Physical  Disinfectants,  213  sqq. 
as  affecting  Flies,  206,  373 
Exclusion  from  Cisterns,  101 
in  Native  Prisons,  63 
Tropical,  Pathological  Action,  6-7 
Light  Oil,  197,  207 

Petroleum  Extract  in  Tests  for  Poisons, 
843  sqq. 

Lighting,  Artificial,  Domestic,  53 
of  Latrines,  160 
Liliacex,  778 
Lima  Bean,  76,  77 

Poisonous  Varieties,  786,  787 
Limatus,  330 
Lime,  Chloride  of,  for 

Disinfection,  111,  217,  219 
Snake-Bite,  739 

Chlorinated,  111,  123,  126,  217,  219,  220 
Excess,  for  Sterilizing  Water,  116,  117 
for  Well-Cleaning,  111 
Hypochlorite  of,  for  Snake-Bite,  759 
as  Insecticide,  277 
Milk  of,  111,  206,  219 
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Lime.  coni. 

Slaked,  219 

Unslaked,  Fresh  in  Powder,  221 
Whitewash,  219 
Lime-Water  in  Milk,  248,  261 
Limes,  84 

Drinks  made  with,  245 
Limnatis  nilotica ,  190 
Limosina.  431 
Linen,  Care  of,  268-9 
Disinfection,  242 

by  Carbolic  Acid,  217 
Linguatulidse,  272 
Liniments,  256 
Linseed  Poultices,  257 
Tea,  245 
Lint,  257 
Lion  Fish,  794 
Lipo-Vaccines,  635-6 
Preparation,  639-40 
in  Dysentery  Prophylaxis,  649 
Lips,  Myiasis  of,  Insect  Causing,  439 
Lipuria,  Fat  Globules  in,  584 
Liquid  Air,  257 

Paraffin  for  Mounting  Microscopical  Pre¬ 
parations,  533 

Sulphur  Dioxide  Fumigation,  222  sqq. 
Liquids  as  Chemical  Disinfectants,  213, 
216  sqq. 

Liquor  Cresoli 

Compositus,  217 
Saponatus,  18,  217 
Trypsinae  Co.,  510 
Liquorice,  Wild,  764 
Lister  Dental  Floss,  19 

Lister’s  Culture  Medium  for  Pneumococci,  641 
Types  of  Pneumococci,  601 
Liston,  Stevenson,  and  Taylor’s  Cyanofumer, 
231 

Lithium  Carbonate  in  Staining  Work,  531 
Litmus  Milk,  Action  on,  of  B.  parcityphosus, 
593 

Culture  Medium,  514 
Inoculation,  533 
Paper,  503 

Solution  as  Indicator,  511,  522 
Litter,  Disposal  of,  200 
Little  Millet,  76 
Liver 

Acute  Yellow  Atrophy  of,  Urine  in,  584 
Animal  Parasitism,  610 
Areas  in,  of  Local  Necrosis,  609 
Changes  in,  in  Diseases  associated  with 
Marked  Blood  Changes,  610 
Cirrhosis,  Conditions  Associated  with,  543, 
564,  605,  610 

Cloudy  Swelling  of, Diseases  associated  with, 
610 

Congestion,  Active  and  Chronic  Venous, 
Conditions  in  which  Present,  609 
Congestive  Disorders  of,  Climatic,  6 
Disordered,  Drugs  for,  34 
Fatty  Degeneration,  610 
Fatty  Infiltration,  610 
Hgemosiderin  in,  610,  620 
Helminth  Infestation  of,  610 
Infarcts,  609 
Lobules,  Size  of,  609 


Liver,  cont. 

Melanin  in,  620 

Post-mortem  Examination,  605,  607,  609, 
610,  612 
Puncture,  605 

and  Right  Lung,  Abscess  Communicating 
between,  612 
Syphilis  of,  610 

Toxic  Conditions  of,  Leucocytosis,  Poly¬ 
morphonuclear  in,  543 
Weight  of,  609 
Liver  Abscess 

Multiple,  609 

Pus  from,  Entamoebae  in,  564 
Tropical,  Seat  of  Election,  609 
Lividity,  Post-mortem  ;  Causes,  605 
Lizards  ;  Differentiation  from  Snakes,  683 
Enemies  of  Mosquitoes,  341 
Goa,  718 

as  Reservoirs  of  Disease,  373 
Loa  loa,  Insect  Vector,  412,  418 
Loads,  Average,  for  African  Porters,  18 
Lobar  Pneumonia,  see  under  Pneumonia 
Lobia,  or  Lubia,  78 
Locusts,  273 
Lockjaw,  627 

Loffler’s  Blood  Serum,  511,  516 
Loganiaceae,  773,  778 
Loh-hwa-sang,  78 
Loliismus,  782 

Lolium  temulentum  Poisoning,  782 
Lone  Star  Tick,  288 
Longirostrata,  281,  282,  286,  289 
Lophoceratomyia,  361 
Lophopetalum  toxicum,  772 
Lords  and  Ladies  (Arums),  766 
Loreal  Pit  of  Vipers ;  Absence  or  Presence, 
684,  685,  687,  690,  697,  698,  703 
Scales  of  Poisonous  Snakes,  687 
Lorrain  Smith’s  Alkaline  Blood  Serum  Culture 
Medium,  511 
Lotions,  Cooling,  256 
for  Infants’  Eyes,  259 
Lotus  arabicus,  when  Poisonous,  786 
Louping  Ill  in  Sheep,  Tick  Causing,  284, 
289 

Louse-Borne  Diseases,  298,  299 
Disinfestation,  299,  sqq. 

Epidemics,  Special  Precautions  during, 
307 

Modes  of  Infection,  298-9 
Prophylaxis,  299 
Louse  Excreta 

Disinfection  of,  308 
Infection  by,  298 
Louse-Proof  Clothing,  299,  308 
Louisiana  State  Board’s  Prohibition  of  Hair¬ 
brushes  in  Barbers’  Shops,  235 
Louvering  of  Doors  and  Windows,  53,  56 
Love  Philtres,  as  Vehicles  for  Poisons,  804 
Low  Fever  ;  ^Etiology,  5 
Lucal  Comet  Heater,  195,  214 
Lucas  Covers  for  Shallow  Latrines,  134 
Lucilia 

Larval  Habits 

Classification  by,  435 
Diseases  due  to,  424,  440 
Parasites  Borne  by,  428,  429,  430,  431 


GENERAL  INDEX 


Lucilia,  coni. 

Species 

cnesar,  420,  424,  428,  429,  430 
nobilis,  440 
serenissima,  431 
sericata ,  420,  424 

Luetic  Serum ;  Test  for  (Wassermann  Ice 
Box),  559 

Lugol’s  Iodine  Solution,  523,  524,  525,  531 
616,  619 

Lulu,  81 

Lumsden,  Roberts,  and  Stiles’s  Privy,  177 
Lunasia  amara,  Arrow-Poison,  769,  773 
Lunasin,  773 
Lung  Diseases 

Indications  in  Sputum,  251,  570 
Ointments  in,  256 
Exudate  in  Pneumonic  Plague,  613 
Puncture,  565 

Tissue,  Affections  of,  Indicated  by  Foetid 
Odours,  251 

Lungs,  Abscesses  in,  570,  613 
Cirrhosis  of,  613 
Hydatids  in,  570,  613 
Nodules  in,  613 
Parasitic  Diseases,  570,  613 
Post-mortem  Examination,  612,  613 
Rupture  into,  of  Amoebic  Abscess,  570 
Weight  of  each,  613 
Lupine,  White,  76 
Lutianus  analis,  73 
chrysurus,  73 
jordani ,  73 
Lycodon,  689 
Bites,  720,  737 
Species  :  aulicus,  720 
Lygaeidse,  311,  323 

Lymph  Scrotum,  Fluid  from,  Examination, 
567 

Lymphadenoma  in  Liver  and  Spleen,  607, 
610 

Lymphatic  Glands 

Abdominal,  Helminths  in,  612 
Enlargement  of,  Diseases  with  which 
associated,  606 

Excision  ;  in  Plague  and  Examination  for 
B.  pestis,  597 

Post-mortem  Examination,  606,  612 
Puncture  for  Isolation  of  Spironema 
pallidum,  599 

Leukaemia,  see  under  Leukaemia(s)  above 
Lymphocytes  in  Excess,  Conditions  in  which 
Found,  564,  565 

High  percentage  of,  in  Blood  of  Infants  and 
Young  Children,  543 
Large  and  Small,  539 

Proportions  of,  in  Normal  Blood,  540 
Lymphocytosis,  543 
Climatic,  4 

Lynch’s  Safety  Enema  Syringe,  255 
Lynx,  Flea  of,  484 
Lyperosia,  458 

Proboscis,  451,  452,  453,  458 
Species  :  irritans,  458 
Lysol  as 

Disinfectant,  217,  500,  604 
Disinfestant,  300 
Larvicide,  399 


Lysol,  cont. 

Steriliser  for  Rubber  Gloves,  269 
Lyster  Water-Sterilizing  Bag,  32,  117 
Lytta,  Fragments  of,  in  Poisoning  Cases,  as 
Indication  of  Cantharidin,  844, 
845 

MABELE,  76 

Macclelland’s  Indian  Coral  Snake,  see  Cal- 
lophis  macclellandii 
Machoira,  796 

McConkey’s  Bile  Salt  Broth  Culture  Media 
for  Typhoid  Ulcers,  &c.,  611 
Neutral  Red 

Agar,  517,  592,  603 
Broth,  516,  593,  594 
Litmus  Broth  Tubes  for  Isolation  of 
B.  coli  Organisms  from  Water,  603 
McFadyean’s  Staining  Method  for  B.  an- 
thracis,  598 

Machine  v.  Muscle,  for  Settlers  in  Tropics,  9 
Mcllroy’s  Trench  Latrine  Cover,  140 
McIntosh  and  Smart’s  Method  of  Standardiz¬ 
ing  Culture  Media,  504 
Mackenzie  Fly  Sprayer,  207 
Pattern  Latrine,  148 
Mackerel,  72,  73 
Spanish,  73 
Mackintoshes,  16-17 

Macneal’s  Method  of  Staining  Spirochae- 
taceae,  528 

Macpherson  Latrine  System,  142,  145 
Macrocytes,  538 
Madar,  see  Caloptropis  gigantea 
Madura  Foot,  Grains  from  ;  Examination,  589 
Magberi,  777 
Maggot  Flies,  420 
Maggots,  see  also  Larvae 
Destruction  by 
Ants,  211 

Carcass-Destruction,  437 
Spraying,  197 
Solutions.  204 
Traps,  197,  199,  200,  433 
Magnesia  (see  also  Magnesium)  in  Emergency 
Poisoning  Treatment,  269,  270 
Magnesium  Sulphate  in 

Emergency  Poisoning  Treatment,  270 
Strychnin  Convulsions,  788 
Magnoliaceae,  779 
Mahaseer,  75 
Mahew,  85 
Mahindi,  76 
Mahogo,  80 

Mahomedans,  Excreta  Output  of,  per  diem, 
153 

Racial  and  Religious  Customs  affecting 
Diet,  and  Medical  Attendance, 
247,  267-8 
Mahwa  Butter,  81 
Main  Springs,  97 
Maize,  76 

Ground,  Kaffir  Beer  brewed  from,  85 
Majara  harik,  782 
Majun,  776 

Aphrodisiac  Sweets,  805 
Makkai,  76 

Makuri,  Arrow-Poison,  768,  773 
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Mai,  Snake  Charmer  Caste,  India,  718 
Malachite  Green,  for  Staining  B.  typhosus, 
&c.,  from  Water,  603 

Malaise 

due  to  Tropical  Light,  7 
from  Tsetse- Bite,  463 
Malaria,  4 

Acute,  Kidney  in,  607 
Spleen  in,  606 
Anaemia  after,  69 

Anopheles  associated  with,  342,  388 
Work  on,  Needed,  491 
Avian,  Parasite  of,  Mosquitoes  harbouring, 
343 

Blood  Conditions 
Eosinophilia,  543 
Leucocytosis,  Mononuclear,  543 
Leucopenia,  542 
Lymphocytosis,  543 
Shadow  Cells,  538 
Blood  Puzzles,  545 
Carriers,  59,  267 
Cerebral,  Brain  in,  614 
Chronic,  Kidney  in,  607 
Liver  Cirrhosis  in,  610 
Perisplenitis  in,  606 
Shadow  Cells  in,  538 
Spleen  in,  606 

Chronic  and  Subacute  ;  Nursing  Care,  267 
Distribution,  Physiographical,  390  sqq., 
404  sqq. 

Economics,  388,  392-3,  394,  399,  405,  407 
Flagellated  Bodies  in  ;  Demonstration,  535 
Haemosiderin  in,  620 

Demonstration  of,  in  Tissue,  619 
Intestinal,  Catarrhal  Enteritis  of,  612-13 
Land  Unit,  390 
Liver  in,  609,  610,  620 
Malaena  in,  573,  574,  611 
Melanin  Pigment,  540,  620 

Substance  Mistakeable  for,  547 
Mosquitoes  associated  with,  342,  343,  388, 
see  also  Anopheles 
in  Native  Servants,  58-9 
Parasite-Rate,  389 

Parasites  (Plasmodia),  Blood  Examination 
for,  535,  536 

Bodies  Resembling,  in  Blood  Films,  545-6 
Cultivation  Methods,  519,  520 
Melanin  in,  620 
Oocysts 

Species  of  Ayiopheles  in  which  present 
in  Gut 

Experimental,  343 
Natural,  342 
Sporozoites 

Species  of  AnojAieles  in  which  present 
in  Salivary  Glands 
Experimental,  343 
Natural,  342 
Staining  of,  in 
Blood,  531 
Sections,  530,  618 
Pernicious,  see  Sub-Tertian,  below 
Post-mortem  Indications,  605,  606,  607, 
608,  609,  610,  611,  612,  614 
Prophylaxis 

Mosquito  Control,  388  sqq. 


Malaria,  cont. 

Prophvlaxis,  cont. 

Nets,  17,  20-1,  27,  33,  401 
Veils,  30,  401 
Quinine,  33,  34 

Re-infection,  Checked  by  Oiling,  400 
Severe ;  Stool-Colour,  573 
Suprarenal  Capsules  in,  608 
Spleen  in,  606,  620 
Spleen-Rate,  389 
Sub-Tertian  ;  Arneth  Index,  4 
Icteroid  Pigmentation,  605 
Urobilin  in  Urine,  582 
Malarial  Cachexia 

Anaemia  with  Sallow  Colour  associated 
with,  605 

Emaciation  in,  605 
Polychromatophilia  in,  538 
Pigment,  573,  574,  620 

Leucocytes  Phagocyting,  540 
Tissues,  Iron  Reaction  in,  Demonstration 
Method,  619 

Malaysia  ;  Poisonous  Snakes,  691,  692,  714 
Male  Nurses,  240 
Malic  Acid,  216 
Malignant  Disease 

Anaemia  of,  with  Sallow  Colour,  605 
Cachexia  of,  Emaciation  in,  605 
Leucocytosis,  Polymorphonuclear,  in,  543 
Post-mortem  Signs,  605 
of  Stomach,  Indication  of,  571 
Mallophaga,  273 

Collection  and  Preservation,  494 
Malnutrition,  Leucopenia  in,  542 
Vitamines  preventing,  82 
Malted  Milk  and  Prepared  Infants’  Foods 
Unsuitable  in  the  Tropics,  24 
Mamba,  702 

Mammals,  see  also  under  Names 

Insects  Infesting,  275  sqq.,  279,  285,  288, 
463,  466,  467,  468 

Domestic,  Ticks  of,  which  pass  to  Man,  275, 
279,  285,  288 

Large,  Glossina  in  relation  to,  463,  465,  466 
Small,  Hosts  of  Dermacentor  venustus,  285 
Vermin,  189 
Man,  see  also  Men 

Acarina  attacking,  272 
M.L.D.  for,  of 

Cobra  Venom,  743 
Various  Venoms,  742,  744 
Table,  743 

Normal  Specific  Gravity  of  Blood,  537 
Symptoms  produced  in,  by  Venom, 
741 

Ticks  Attacking,  275  sqq.  passim 
Mana  kodra,  782 

Manasa,  Indian  Snake-goddess,  718 
Manbhum  Arrow-Poison,  767 
Manchineel  Tree,  778 
Mangifera  indica,  84 
Mango-Fish,  75 
Mangoes,  84,  245 
Mangosteen  Oil,  81 
Mangrove-Flies,  410 
Mangrove  Forests,  Anopheles  of,  390-1 
Manihot  aipi,  80,  782 
utilissima,  80,  768,  782 
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Manioc,  80,  782 
Manna,  Source  of,  810 

Mann’s  Eosin  Mixture  Stain  for  Rabies  Re¬ 
search,  602 

Manson-Bahr  Method  in  Post-mortem  Isola¬ 
tion  of  B.  dysenteric,  594 
Mansonia,  359,  360 
Mansonioides,  333,  359,  360 
Species 

africana,  360 
uniformis,  360 
Mantids,  273 

Mantras  used  by  Snake  Charmers,  727,  728 
Manual  Labourers,  Sugar  for,  23 
Manuca,  768 
Manuch,  777 
Manure 

Collection,  188,  196 
Disposal,  187,  188,  196  sqq.,  433,  457 
Flies  Breeding  in,  196  sqq.,  453,  456 
Removal,  188,  196,  203,  433 
Treatment  for  Fly-Prevention  and  Destruc¬ 
tion,  196  sqq.,  433 
Manzool,  805 
Tests  for,  807 
Maragliano’s  Bodies,  545 
March,  the,  Hygiene  of,  17,  23,  26 
March-Flies,  410 

Marchand’s  Method  of  Rearing  Tabanid 
Larvae,  418 

Marchi’s  Mixture  for  Demonstrating  Fat  in 
Tissues,  619 

Marching  Men,  Sugar  for,  23 
Mare’s  Milk,  69,  71 
Composition,  260 

Marett’s  Method  of  Sullage  Purification,  126 

Mar  gar  opus,  281,  286 

Mari  Palm,  Sugar-yielding,  85 

Marine  Hospital  Service,  U.S.A.  H.Q. 

Laboratory  of,  Standard  Toxin 
furnished  by,  627 

Marking  Nut  Juice  or  Oil  in  Poisoning  Cases, 
799,  805 

Search  for,  and  Tests,  799,  807,  843,  844 
Marking  Nut  Oil,  799,  805,  807,  843,  844 
Marquis’s  Test  for  Morphin  Residue,  849, 
850 

Marsh  Test  for  Arsenic,  802,  803,  808,  811, 
826,  829,  831,  832,  833,  837 
Preparation  of  Solutions  for,  829,  831 
Marshall’s  Simple  Method  of  Staining  Enta- 
inoebae ,  532 

Marsi,  Supposed  Immunity  of,  to  Viper- 
Bite,  725 
Maruina,  366 
Mashaks,  105,  109 
Masks  for  Nurses,  240 

Red,  for  Smallpox  Patients,  267 
Massage,  258 

Oils  used  with,  256 
Prostatic,  587,  647 

to  Remove  Facial  Staining.  Post-mortem, 
238 

#  Massasanga,  712 
Mast  Cells,  539 
Matama,  76 

Matches,  Poisoning  by ;  Emergency  Treat¬ 
ment,  270 


Match-Heads  in  Poisoning  Cases,  803,  804, 
•  816 

Phosphorus  from,  807,  816,  818 
Matesi,  76 

Matthews’  Culture  Medium  for  Pfeiffer’s 
Bacillus,  641,  642 
Mattresses,  for  Camp  Beds,  28 
Care  and  Ventilation,  269 
Feather,  Flea-Infested  ;  Steam  Steriliza¬ 
tion,  485 
Mauritia  vinifera,  85 
May  Flies,  273 

Mayer’s  Reagent  in  Detection  of  Alkaloids, 
848 

Mbalasi,  78 

M’bori  of  Camels  ;  Insect  Vector  (suspect), 
419 

Mbwa,  382 
Meal 

Banana,  80,  83 
Yam,  80 

Meal,  Last,  Remains  of,  in  Poisoning  Cases  ; 

Collection  and  Examination,  799, 
801,  804 
Meal  Poultices,  257 
Mealies,  76 

Meals  after  March,  17 

Before  Starting  on  Shooting  Trips,  18 
Water  at,  for  Children,  24 
Measles,  Disinfection  after,  217,  234 
Leucopenia  in,  542 

Rose,  Leueocytosis,  Polymorphonuclear, 
Absent  from,  543 

Transmission  by  Flies  (suspected),  431 
Treatment  by  Serum  of  Convalescents,  632 
Meat,  Cold  Storage  of,  68 
Effects  on,  86  sqq. 

Temperatures  for,  87 
Cooked,  Blow-Fly  Eggs  laid  on,  445 
Diet,  Excessive  ;  Results,  22 
Fresh,  How  Long  to  Keep,  68 
Methods  Unsafe  for  Preserving,  90 
Papaw  as  used  to  make  Tender,  84 
Parasite-Infected,  Not  rendered  Fit  for  Con¬ 
sumption  by  Cold  Storage,  88 
Raw,  Eating  of,  in  relation  to  Internal 
Myiasis,  446 
Juice  of,  248,  262 

Small  Pieces  ;  Preservation  by  Formalin 
Solution,  89 
Tinned,  Bacteria  on,  91 
Meats,  Eaten  by  and  Forbidden  to,  certain 
Races  and  Religions,  247,  263, 
267,  718 

Mechanical  Irritants  in  Poisoning  Cases, 
Search  for,  799,  800,  802,  806 
Methods  of  Water  Purification,  111,  112 
Shaker,  for  Bacteriological  Emulsions,  621, 
644 

Mechgar,  278 

Meckel’s  Diverticulum,  611 
Meconic  Acid  Test  for  Opium,  814,  840 
Mediastinal  Gland  Enlargement  ;  Tuberculin 
Counter-indicated,  653 
Medical  Examinations  of 
Children,  264 

Native  Servants  before  Engaging,  35 
Medical  Man  (see  also  Doctor),  as  Nurse,  239 
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Medical  Research  Council,  on  Staining 
Methods,  525 

Medical  Women,  Work  for,  in  India,  267 
Medicinal  Enemata,  255,  256 
Methylene  Blue,  in  Stain,  528 
Medicine  Administration  ;  Times  for,  244,  254 
Nurses’  Record,  244,  254 
Medicine-Bottles,  Shape  and  Label  of  those 
containing  Poison,  254 
Medicine- Glasses,  253-4 
Medicines,  253,  254 

Mediterranean  Fever  ;  Insect  Vector,  373 
Medusae  ;  Stings,  794,  797 
Megaloblasts,  538,  539 
Megarhinini,  328,  339,  344,  356 
Megarhinus,  333,  356 
Melaena,  244,  573,  574,  611 
Melanin,  540,  547,  611 
Melanolestes  abdominalis.  322 
mono , 322 
Melia  azadirachta 

Leaves,  Poultices  of,  257 
Oil,  256 

Mellin’s  Food  in  Gastro-Enteritis,  24 
Melokieh,  81 

Melons,  Liquid- Supply  from,  93 
Melophagus  ovinus,  473 
Melusina,  381 

Membrane-Taking  in  Diphtheria,  &c.,  252 
Membranous  Enteritis,  574 
Men,  see  also  Man 

European,  in  Tropics  ;  Suitable  Clothing,  j 
11  sqq. 

Women  and  Children,  Relative  Quantity  of  ( 
Water  needed  by,  109 
Meningeal  Congestion  in 
Sunstroke,  614 
Trypanosomiasis,  614 
Inflammation,  565 
Globulin  Test,  565 
Meningitis 

Caused  by  Middle  Ear  Disease,  614 
Diagnosis 

Bacteriological,  596 
Serological,  596 

Indications  of,  in  Cerebrospinal  Fluid,  565 
Cerebrospinal,  see  Cerebrospinal  Fever 
Pneumococcal,  Brain  in,  614 
Purulent,  Brain  in,  614 
Tuberculous,  565,  566,  614 
Meningococcal  Carriers,  Investigation  for,  and 
Isolation  from,  of  the  Organism, 
516,  567,  568,  569,  596 
Infections,  Sera  for,  623,  625,  626,  630,  631 
Chronic,  Lymphocytosis  in,  565 
Meningococcus(i) 

Castellani’s  Absorption  Test  for,  551 
Culture  Media,  510,  511,  513,  514,  516,  596 
Isolation,  566,  596 
Typing,  by  Agglutination  Test,  547 
Various  Strains,  596,  600 
Menopause,  the,  5 
Mental  Exercise,  18 
Merck’s  Butyric  Acid,  566 
Edestin,  572 
Methyl  Alcohol,  530 
Pure  Glygerin,  530 
Ricin,  599 


Mercurial  Ointments,  256 
for  Head  Disinfestation,  300 
Mercuric  Chloride  Solution  for  Insect-Pre¬ 
servation,  489,  492 
in  Staining-Work,  523,  531 
Mercury,  800 

in  Poisoning  Cases 

Reinsch  Test  for,  808,  810,  825, 

826,  830 

in  Precipitate,  827,  829 
Tests,  829 

Separation  from,  of  Arsenic,  832 
Stomach  Colour,  799,  804 
Sublimation  Test,  806 
Systematic  Analysis  for,  822,  823,  829 
Traces  of, 

Destruction  of  Organic  Matter  and 
Search  for,  822,  823 
Test  for,  by  Electrolysis,  825,  829 
Bichloride  as  Disinfectant,  217 
Perchloride  Solution,  for 
Anti-Bedbug  Spray,  317 
Disinfection  of  Excreta,  165 
Salts,  Poisoning  by ;  Emergency  Treat¬ 
ment,  270 

Solutions 

Instruments  not  to  be  Left  in,  269 
Not  to  be  used  to  Clean  Metal  Articles, 
242 

Mermis  in  Simulium  Larvae,  388 
Merryweather  Pumps  for  Emptying  Pools, 
400 

Mesentery  ;  Post-mortem  Examination,  610 
Mesopotamia,  Chilly  Mornings  in,  30 

Water  Allowance  per  Head  in,  for  Troops,  25 
Mess  Tents,  63 

Metal  Articles,  Formalin  and  Mercury  not  to 
be  used  in,  or  on,  242 
Disinfection,  216,  217 
Sterilizing  by  Flaming,  214 
Capillary  Tubing  for  Anti- Variolous  Vaccine 
Emulsion,  679 
Splints,  269 

Vessels  (see  also  Tanks)  for  Water  Storage, 
108 

Metallic  Poisoning,  Oligocythaemia  in,  539 
Metallic  Poisons  in  Poisoning  Cases,  798 
Analytical  Group,  800 
Destruction  of  Organic  Matter  and  Search 
for  Residual,  799,  882 
Investigation  for,  of  Material  Collected,  799 
Tests,  799,  816,  822 

(a)  Preliminary,  802 
Physiological,  805 

( b )  Confirming,  803,  807 

(c)  Sublimation,  806 
Hints  on,  816 
Marsh  ( q.v ,),  802 
Reinsch  (q.v.),  802 

Residue  after  Destruction  of  Organic 
Matter 

Examination,  823 
Tests,  824 

Systematic  Analysis  and  Separation,  799, 

816 

Material  for,  Choice  of,  822 
Vehicles,  804,  805 

Viscera  Suspected  of.  Receptacles  for,  801 
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Metastatic  Abscess  of  Brain,  614 
Metastigmata,  272 
Metastriata,  281,  282,  284,  289 
Methaunoglobin  in  Urine,  581 
Methaemoglobinuria  in  Blackwater  Fever,  581 
Methyl  Alcohol  in  Stains,  528 
Kahlbaum’s,  530 
Merck’s,  530 

Green,  with  Pyronin,  in  Stains  for 
Gonococcus,  527 
Plasma  Cells,  619 
Orange  ;  Reaction,  503 
Violet  Stain,  524,  525 

for  Amyloid  or  Lardaceous  Degenera¬ 
tion,  619 

Methylated  Spirit  for  Decolorization  of  Sec¬ 
tions,  618 

as  Substitute  for  Merck’s  Methyl  Alcohol, 
530 

Methylene  Blue,  Medicinal,  for  Staining  Spiro- 
chaetaceas,  528,  530 
Hochst’s,  533 

Stain,  524,  526,  527,  529,  530,  598 
in  Fly-Poisons,  207 
with  Formalin,  as  Diluting  Fluid  for 
Vaccine  Emulsions,  621 
Metroxylon  Rumphii,  77 
sagu,  77 

Mezcal  Buttons  (Poison),  798  * 

Mezcalin,  798 
Miana  or  Miane  Bug,  276 
Miana  Disease  of  Persia,  191 
Mice,  Fleas  of,  481 
Haunts,  40 
Microburette,  505 
Micrococcus  catarrhalis 

from  Lachrymal  Sac,  569 
in  Nasal  Secretions,  568 
Group,  Emulsion  of,  for  Vaccine,  to  be 
well  Shaken,  644 
flavus.  Flies  Harbouring,  430 
melitensis 

Agglutination  Tests,  595 
Blood  Cultures,  553 
Subcultures,  553 
in  Cheese,  72 
Media  for,  553,  554 
in  Urine,  587 

Isolation  from,  595 
tetragenus,  on  Flies,  430 
Microcytes,  538 

Microfilaria  perstans  Infection,  Enlarged 
Cervical  Glands  in,  606 
Microfilariae,  Associated  with  Chyluria,  580, 
587 

in  Blood,  Substances  Mistaken  for,  547 
Blood  Preparations  for  Demonstrating, 
535,  536 

Isolation  by  Ricin  Method,  599 
Staining,  567 
in  Urine,  580,  587 
Micrometer,  Ocular,  499 
Microns,  499,  502 

Microneurum  funicola ;  Association  with 
Disease,  420,  431 

Micro-Organisms  found  in  Canned  Foods,  91 
Conveyed  by  Non-Bloodsucking  Flies  in 
all  Stages  of  Development,  429  sqq. 

TROPICS  I  Q 


Micro-Organisms,  coni. 

Extraneous,  in  Anti-Variolous  Vaccine 
Emulsions,  675,  681 

Pathogenic,  Causing  Disease  in  the  Tropics  ; 

Methods  of  Isolation,  Detection, 
and  Identification,  592  sqq. 
Staining  ;  Aniline  Dyes  for,  524 
in  Water,  93,  95,  602 
Micropechis,  715 
Habitat,  692 

Microscope  :  Diagnostic  Uses,  495 
Microscopes  for  Laboratories,  496  sqq. 
Dissecting,  499 

Microscopical  Diagnosis  of  Trypanosomiasis, 
599 

Examination  of,  and  for 

Abnormal  Constituents  in  Urine,  581 
Cerebral  Vessels,  Post-mortem,  614 
Faeces  :  what  to  look  for,  575-6 
Parasites  Causing  Skin  Diseases,  588  sqq. 
Poisons  in  Toxicological  Work,  799, 
813,  815 

Rabies-Suspect  Material,  602 
Spironema  pallidum,  598-9 
Spleen  ;  Post-mortem,  607 
Sputum,  569 
Test  Meal  Fluid,  573 

Findings  in  Pathological  Fluids  ;  Diagnostic 
Value,  564 

Method  of  Standardization  as  used  for 
British  Army  Vaccines  during  the 
War,  645 

Microtome,  Cambridge  Rocking,  for  Cutting 
of  Sections,  617 

Micturition,  Frequency  ;  Nurse’s  Report, 
244,  253 

Middle  Ear  Disease  as  Cause  of 
Abscess  in  the  Brain,  614 
Meningitis,  614 
Midges,  194,  273,  374 

Collection  and  Preservation,  490,  491 
Midwives,  English,  in  India,  267-8 
Indian  :  Training,  240,  268 
Mielie,  76 

Milch  Animals,  Inspection  of,  261 
Miliary  Tuberculosis,  607 
Military,  see  also  British 
Defsecation  Trenches 
Depth  for,  132,  133 
Kerosening,  132 
Fly  Spray,  207 

Hygiene  of  the  March,  17,  18 
Methods  of 

Chlorinization  of  Water,  118 
Disinfection,  197,  217 
Latrine  Disinfection,  U.S.A.,  136 
Marking  Washing,  Drinking,  and  Water¬ 
ing  Places,  102 
Strength  for  Cresol,  197,  217 
Milk,  see  Ass’s,  Buffaloes,  Cow’s,  Goat’s, 
Human,  Malted,  dbc. 

Additions  to,  248 

Boiling,  to  Sterilize,  92,  247 

Cold  Storage  Temperatures  for,  87,  261 

Condensed,  24 

Change  in  Colour,  91-2 
Sweetened,  for  Infants,  24,  261 
Covering,  261 
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Milk,  cont.  , 

Curdled  ;  Preservation,  92 
Dessicated,  247 
Dried,  for  Infants,  24 
and  Eggs,  76 

in  Emergency  Treatment  of  Poisoning,  270  j 
for  Infants  ;  Testing  and  Dilution,  261 
with  Formalin,  Sugar,  and  Lime,  as  Fly- 
Poison,  207-8 

Not  to  be  used  to  Wash  down  Powders  and 
Pills,  254 
Peptonizing  of,  249 
Sources  in  the  Tropics,  69,  248 
Standards 

Bacterial  (Bombay),  70 
Chemical,  70 
for  Egypt,  70 
for  India,  69 

Joshi’s  Table,  69,  70 
Sterilized,  Fluid,  24 
Preserved,  247 

Pure,  Specific  Gravity  in  India,  261 
Straining,  247 

Various  Kinds  ;  Composition  ;  Table,  260 
Water  in,  24,  69,  70 

Knappe’s  Method  of  Detecting,  71 
Purity  of,  Important,  261 
Milk  Diet  for  Invalids 

Precautions  Requisite,  247-8 
Variations  of,  246,  248  -9 
Milk-Fish,  73 

Milk  of  Lime,  111,  206,  219 
Milk  Puddings  ;  Slow  Cooking,  249 
Milking  a  Snake  for  Venom,  730 
Milking,  Tropical  ;  Supervision,  247,  261 
Millet,  76 

Crop  for  Trenching  Grounds,  167 
Kaffir  Beer  brewed  from,  85 
Bulrush,  76 
Great,  76 
Little,  76 

Millet  Heads  as  Poison  Vehicles,  801,  805 
Millions,  Larvivorous  Fish,  341,  400 
Millipedes,  274 

Millon’s  Reagent  as  Spotting  Test  for  Carbolic 
Acid,  821 
Mimomyia,  358 
Mincing  Machines,  32 
Mineral  Matter  in  Water,  95 
Poisons,  see  Metallic  Poisons 
Salts,  in  Main  Spring  Water,  97 
Minimum  Haemolytic  Dose  (M.H.D.),  562 
Minimum  Lethal  Dose  (M.L.D.),  see  under 
Venoms,  and  Toxins 
Minnesota  Fly-Traps,  210 
Minor  Tropical  Sanitation,  35  sqq. 

Miriti  Palm,  Sugar-Yielding,  85 
Mita  alou,  80 
Mites,  189,  191,  272,  275 
Attacking  Phlebotomus,  372 
Cheese,  275 

Diseases  due  to,  191-2,  272,  275 
Harvest,  272 
Itch,  192,  272,  275 

Mitscherlich’s  Distillation  Test  for  Phos¬ 
phorus,  817,  818 
Mixed  Infection 

Agglutination  Curves  in,  550 


Mixed  Infection,  cont. 

Agglutination  Tests  for  Diagnosis,  550, 
551,  552 

Value  in,  of  Castellani’s  Absorption 
Test,  552 

Vaccines 
Dosage,  640 
Preparation,  640 
Mochlonyx,  326 

Model  Dwellings  for  Natives,  Durban,  63 
Mohammedans,  see  Mahometans 
Moist  Heat  Applications,  see  Fomentations, 
and  Poultices 

as  Physical  Disinfectant,  213,  214 
by  Steam,  214 

under  Pressure,  215,  216 
Streaming,  215,  216 

Moisture,  Bodily,  Loss  of,  in  Tropics,  2-3, 
24,  25 

Mole-Fleas,  Eyeless,  475 
Money,  Paper  ;  Disinfection,  221,  234 
Mongoose  ;  Snake  Killer,  190,  761 
Fight  of,  with  Snake,  719,  726 
Monilia  in 
Sprue,  650 
Sputum,  570 

Monilia  Vaccine  for  Sprue,  650 
Monkeys,  Rhesus  and  Grey  ;  Average  Rectal 
Temperatures,  534 
Monkshood,  765 
Moon  Fish,  73 

Moore  and  Breinl’s  Method  for  Staining 
Trypanosomes,  533 
Morays,  794 

Mordants  for  Stains,  524,  525-6 
Morsea  collina,  Poisoning  by,  784 
Morgan  Latrine,  181 
Mormyrids,  75 

Morphia,  in  Emergency  Treatment  for  Poison¬ 
ing,  270 

Morphin,  in  Poisoning  Cases,  814 

Extraction  Methods,  841,  842,  843,  847 
Purification,  848 
Residue  ;  Tests,  849,  850,  851 
Separable  by  Extraction  with  Alcohol,  837 
Morris’s  Wet  Method  of  Disinfecting  Excreta, 
165 

Mosaic  Law  on  Diet,  &c..  Races  Obeying, 
267 

Moschni,  782 

Mosquinette  Veil,  30 

Mosquito  and  Fly  Veils,  30,  195,  401 

Nets,  17,  20-1,  21  sqq.,  259,  388,  401,  494 
Used  against 
Leeches,  190 
Phlebotomus,  373 
Snakes,  190 
Ticks,  190,  279 
Repellants,  33,  34,  401 
Room,  242 
Survey,  344 

Tents,  for  Infants’  Cots,  259 
for  Invalids,  242 
Umbrella  Form,  28 
Traps,  401 

Mosquito- Proof  Buildings,  Sanitary  Apart¬ 
ments,  Verandas,  &c.,  21,  53,  54, 
56,  57,  58,  720 
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Mosquito(es)  ( see  also  under  Names  of  Species), 
21,  34,  39,  189,  273,  325,  326 
Association  with  Disease,  341,  342,  343, 
388 

Bites,  327-8,  339,  418 
Prophylaxis,  16 
Treatment,  33 

Breeding-Places,  45, 100,  106,  109,  124,  127, 
167,  178,  182,  490 
Collection  and  Preservation,  490-1 
Control,  343-4,  388  sqq. 

Legal  Aspects,  409 
References,  410 
Darkness  liked  by,  46 
Destruction  by 
Bats,  189 
Cresol,  229 

Driven  off  by  Electric  Fan,  58 
Exclusion,  see  Mosquito-Nets,  Screening,  dec. 
Hiding-Places,  35 
Larvae 

Bugs  Preying  on,  309,  311,  323 
Measures  against,  394  sqq. 

Mid-Gut  or  Stomach ;  Dissection  and  Pre¬ 
servation,  491-2 
ffistrid  Larvae  Carried  by,  441 
Resting-Places  preferred  by,  35 
Mostacilla,  288 
Mostaki,  782 
Moth  Bean,  78 
Moth-Flies,  366 
Moths,  273 

Exclusion  Methods,  268 
Packing  for  Transmission,  488 
Motility,  Test  for,  in  Bacteriological  Examina¬ 
tion,  533 

Mottled  Rattle  Snake,  see  Crotalus  confluentus 
Moubata,  278 

Moulds,  Prevention  of,  in,  and  on 
Culture  Media,  502 
Insect  Store-Boxes,  &c.,  488,  494 
Museum  Specimens,  621 
Tinned  Foods,  91 
Vaccine  Emulsion,  675 
Mountain  Perch,  75 
Mouth,  Hygiene  of,  19 

Leeches  getting  into,  190,  259 
Lesions 

Bacteriological  Examination  of,  568 
Collection  from,  of  Material  for  Spironema 
pcdlidmn  Isolation,  599 
Mouth-Breathing,  250,  264 
Mouth-Washes,  20 

in  Manchineel  Poisoning,  778 
Mucidus,  357,  358 
Muco-Pus  in  Stools,  573 
Mucor  in  Sputum,  570 
Mucosa  of  Stomach,  Congestion  of,  609 
Mucous  Lesions  of  the  Mouth,  568 

Membranes  ;  Icteroid  Pigmentation,  605 
of  Bladder  and  Rectum,  Post-mortem 
Examination  of,  608 
Intestinal  Tract,  Post-mortem  Examina¬ 
tion  of,  611 
Mucuna  nivea,  78 
Mucus  in  Bowel  Contents,  611 
Nasal,  251 
in  Stools,  573,  574 


Mud  Buildings,  37-8,  46,  60,  61 
Mud  Fish,  792 
Mugil  cephalus,  74 
hospes,  73 
liza,  73 

Muir’s  Method  of  Staining  Capsules,  526 
Modification  of  Pitfield  Staining  Method 
for  Flagella,  525 
I  Mulatto  King  Fish,  793 
Mules,  Ticks  Attacking,  288 
Muller’s  Fluid  as  used  in  Marchi’s  Mixture, 619 
Mullet,  72,  73,  74 
Mumps,  Lymphocytosis  in,  543 
Munchi  Arrow-Poison,  769,  773 
Mung,  77 
Mung-phali,  78 
Munge,  77 

Municipal  Water- Allowance  per  diem,  110 
Murasna  Helena ,  794 
Muramu  in  Arrow-Poison,  768 
Murenidse,  Poisoning  by,  794 
Musa  sapientum,  77,  82 
var.  paradisiaca,  77 
Musca,  448,  449,  452,  453 

Classification  by  Larval  Habits,  435 
Haematophagous  Species,  448,  453 
Larviparous  Forms,  450,  452 
Proboscides,  448,  450,  451,  452 
Salivary  Secretion,  450,  451 
Species 

angustifrons ,  450 
autumnalis,  450,  453 
bezzi,  450,  452 
convexifrons ,  450,  451 
corvina,  453 

domestica,  189,  274,  423,  453 

Association  with  Disease,  420,  428, 
429,  430,  431,  446 
Blood  Sources,  450 
Destruction,  195 
Larvae,  Myiasis  due  to,  446 
Parasites  associated  with,  430 
eutineata,  450 
gibsoni,  450 
humilis,  450 
larvipara,  450,  452 
nebulo,  450 

Oxyuris  Parasitic  to,  431 
nigrithorax,  450 
pattoni,  450,  451 
Muscidae,  274 

Collection  and  Preservation,  490 
Destruction,  195 

Larvae  Sucking  Blood  through  Skin 
Punctures,  446  sqq. 
Blood-Sucking,  448  sqq. 

Breeding-Places,  453,  456 
Genera,  Key  to,  452 

and  Species,  Description,  453 
Larviparous,  450,  452,  461 
Proboscides,  449,  450,  451,  452,  453,  454 
References,  474 
Muscina,  445 

stabulans,  420,  424 
Muscinae,  445 

Muscle  Fibres  in  Stools,  575 
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Muscles,  Abdominal  ;  Post-mortem  Examina¬ 
tion,  606 

Extravasation  of  Blood  in,  in  Yellow 
Fever,  605 

Museum  Specimens,  Method  of  Preparing, 
621 

Music  in  Snake-Charming,  718,  723 
Mussara,  76 
Mussels,  76 

Mustard  in  Poultices,  257 
Mustard  Oil,  81,  256 
Musuri,  79 

Mutilla ,  Species  Parasitic  to  Glossina  mor- 
sitans 

benefactrix,  471 
glossime,  470-1 
Mutton,  68 
Mutton-Snapper,  73 

Mycetoma,  Grains  from  ;  Examination, 
589-90 

Local  Tissue-Swellings  in,  606 
Mycology  of 

Buccal  Cavity,  568 
Ear,  569 
Eye,  569 
Sputum,  570 
Synovial  Fluids,  567 
Mycotic  Abscesses,  564,  614 
Granulomata,  Rectal,  608 
Mycterotypus,  378 

Mydriatic  Extracts  from  Rare  Plants,  852 
Poisons,  850,  852 

Tests,  806,  813,  851,  852 
Myeloblasts,  540 
Myelocytes,  540 

Eosinophil,  539,  540 
Neutrophil,  540 

Myeloid  Leukaemia,  Myeloblasts  in,  540 
Myer’s  Submerged  Cylinder  Double-acting 
Force  Pump,  105 

Myiasis 

of  Alimentary  Tract,  435,  445,  446 
Aural,  439,  440,  441 
Cutaneous,  435  sqq.,  438,  439,  441,  588 
External,  435,  438,  439,  588 
of  Facial  Openings,  439 
Native  Treatment,  439 
Flies  Associated  with,  273,  426,  435,  436, 
437,  438,  439,  440,  441,  588 
Gastro-Intestinal,  438 
Internal,  273,  435,  438,  445,  446 
Nasal,  436,  439,  440,  441 
Ocular,  439,  440 
of  Urinary  Tract,  446 

Mylabris,  Fragments  of,  in  Poisoning  Cases, 
844 

Myriapoda,  274 

Myristica  fragrans,  Poisoning  by,  784 
Myzomyia  (Anophelini),  346,  355 
Myzorhynchus  (Anophelini),  345,  356 


N.C.I.  POWDER,  Louse-Repellant,  299 
N.N.N.  Culture  Medium,  513 
Nabis  subcoleoptratus,  Bite  of,  322 
Nag  (Cobra),  725 


Nag  Panchami  Festival,  718 
Naia,  see  also  Cobra(s) 

African,  692,  702 
Asiatic,  692,  694,  695 
Habitat,  691,  692,  694,  702 
Species 

anchietae,  702 
bungarus,  695 
Bite,  732,  733 
Death-Time,  745 
Characters,  687,  695 
Habitat,  695,  719 
Used  by  Charmers,  719,  722 
Venom 

Dried,  Yield,  730 
M.L.D.,  743 
for  Man,  745 
flava,  702 
goldii,  702 
hajae,  702 
Venom 

Dried,  Yield,  730 
M.L.D.,  743 
melanoleuca,  702 
nigrocollis,  702 
samarensis,  695 
tripudians,  695 

Bite ;  Death-time,  745 
Characters,  687 
Habitat,  691 
Lethality,  691 

Regarded  as  an  Evil  Power,  725 
Venom 

Amount  Injected  at  a  Bite,  734 
M.L.D.,  743 
for  Man,  745 

Yield  of,  in  Captivity,  731 
Dried,  730 
var.  caeca ,  695,  719 
var.  fasciata,  695,  719 
var.  leucodira,  695 
var.  miolepis,  695 
var.  sputatrix,  695 
var.  typica,  695,  719 

Venom,  see  Cobra  Venom,  c fe  under  bungarus , 
hajae,  &  tripudians ,  above 
Nail-Brushes,  Value  of,  34 
Holes,  in  Flooring,  47-8 
Nails,  Finger,  see  Finger-Nails 
Naming  of  Alkaloid  Poisons  for  Legal  Pur¬ 
poses,  851,  852 
Napkins,  Infants’,  259 

Naphthalene,  Entomological  Uses,  488,  494 
Balls,  268 

Powder,  Anti-Flea,  485 
Vapour,  Anti-Fly,  207 

Narcotic  Poisons,  776,  777,  784,  789,  802,  803 
Tests,  806 

Nasal  Bacteria,  567,  568 

Lesions ;  Bacteriological  Examination, 567-8 
Myiasis ;  Insects  Causing,  436,  439,  440, 
441, 588 

Secretion ;  Bacteriological  Examination, 
567-8 

Nasgar  Culture  Medium  for 
Gonococcus,  587 
Meningococcus,  511,  596 
Pneumococcus,  565 
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Naso-Oral  Cavities 
Leech  Infesting,  190 
Leeches  getting  into,  259 
Nasopharynx,  Posterior,  Investigation  of,  for 
Meningococcus  Carriers,  567,  568, 
569,  596 

Native  Bedsteads,  191 
Beers,  68 

Anti-Scorbutic  Value,  85 
Cookery,  71 

Diet,  and  Quantity  of  Excreta,  153,  574 
Dwellings  (see  also  Huts),  59,  60,  191,  279 
Foods  and  Sweets,  Vehicles  for  Poison,  801, 
804,  805 

Habits,  Insanitary,  35,  59-60,  128  sqq. 
passim 

Hospitals,  401 

Locations,  36 

Midwives,  240,  267 

Prisons,  Sanitation  for,  63 

Races,  Arrow- Poisons  of,  766,  767,  772-3 

Servants 

Anti-Mosquito  Protection  of,  401 
Medical  Examination  of,  before  Engage¬ 
ment,  35 

Quarters  of,  Care  of,  and  Inspection,  35 
Washerfolk,  Dirty  Habit  of,"  35 
Wet-Nurses,  240,  260 

Natives,  Elderly,  Enlarged  Prostate  in,  608 
Meckel’s  Diverticulum  in,  611 
Skin  Eruptions  common  among,  606 
Travelling  by  Train,  Defaecation-provision 
for,  141-2 
Nats,  the,  718 

Natural  Deposit  Method  of  Defaecation,  129, 
132 

Openings  of  the  Body,  Fly-Larvae  deposited 
"  in,  435,  436,  440,  441,  588 
Nearctic  Anopheles ,  346,  348 
Necator  americanus,  Fly-Spread,  431 
Necrosis,  Focal ;  Areas  to  be  Noted  Post¬ 
mortem,  609,  613 

Necrotic  Process  affecting  Alveolar  and 
Buccal  Mucous  Membrane,.  19 
Needle  Fish,  73 

Needles,  Broken,  as  Irritants,  Search  for,  in 
Poisoning  Cases,  806 
Dissecting,  Improvised,  499 
Neem,  as  Antivenene,  727 
Leaves,  as  Poultices,  257 
Oil,  256 

Neghil  Grass,  59 

Negri  Bodies  in  Rabies  Material,  602 
Neisser’s  Stain  for  B.  diphtherias,  527,  595 
Nematocera,  273 
Blood-Sucking,  324 

Disease- Carrying  Species,  324,  341,  362, 
363,  373,  380-1,  387,  388 
References,  365,  374,  381,  385,  388,  410 
Nematocerous  Diptera,  324 
Nematodes  in  Blood-Vessels,  Post-mortem 
Examination  for,  612 

from  Stools  ;  Preservation  and  Staining,  579 
Neoanopheles,  346 
Neocellia  (Anophelini),  346 
Neomyzomyia  (Anophelini),  346 
Neopsylla,  484 

bidentatiformis,  482 


Neotorha  albigula,  322 
Nephritis,  (Edema  of,  605 

Post-mortem  Indications,  605,  607 
Acute,  Epithelial  Casts  in,  586 

and  Chronic,  Kidney  Cortex  in,  607 
Parenchymatous 
Indications  of,  in 

Peritoneal  Fluid,  565 
Urine,  586 

Neotropical  Anopheles,  348-50 
Nepenthe  Poisoning  ;  Emergency  Treatment, 
270 

NepidEe,  309,  311,  324 
Neriin,  in  Poisoning  Cases,  798 
Extraction,  844 
Test,  Colour,  846 
Neriodorin,  784 
Nereis,  74 

Nerium  Odorum,  Poisoning  by,  784,  798,  805, 
813 

Oleander,  Poison  of  (see  Neriin),  844 
Nernst  Lamp,  645 

Nervous  System,  Effect  on,  of  Climate,  5,  7 
Tissues;  Fixation  and  Staining,  619-20 
Nets,  see  also  Mosquito-Nets 
Insect-Catching,  488 
Insect-Excluding,  373 

Neurasthenia,  due  to  Louse  Infestation,  298 
Weir  Mitchell  Treatment,  258 
Neuroctena  analis  ;  Parasite,  432 
Neuroptera,  273 

Neurotoxin,  in  Venoms,  737,  738,  739,  745, 
746,  748,  750,  752 
Neutral  Red  in 

Culture  Media,  516,  517,  592,  593, 
603,  604 

Staining,  522,  525,  532 
Indicator  Paper,  503 
New  Era  Dental  Floss,  19 
New  Growth,  see  also  Malignant  Disease 

Hepatic,  Post-mortem  Examination  for, 
609 

Portions  of,  in  Urine,  586 
New  York  City  Health  Department  System 
of  Diphtheria  Anti-Toxin  Dosage, 
628 

Newton’s  Rings,  541 

Nicolle’s  Modification  of  Novy  Macneal’s 
Culture  Medium,  513 
Nicotine  in  Poison  Cases,  848 
Tests,  848,  850 

Night-Biting  Mosquitoes  (see  also  Anopheles). 
17 

Night-Cart  Men,  Hygiene  for,  167 
Night-Clothing,  14,  20,  30 
Children’s,  16,  20 
Night-Lights,  191 

Night-Nurses,  Anti-Anopheline  Veil  for,  30 
Night-Precautions,  against  Insects,  Leeches, 
Snakes,  &c.,  17,  30,  31,  190 
Night-Shade,  West  Indian,  789 
White,  789 
Night-Soil  Carts,  165 
Incineration,  168,  169 
Night-Terrors  of  Children,  264 
Night-Travel,  to  escape  Glossina,  471 
Nile  Fish,  Edible,  75 
Nimitti,  382 
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Nitrates,  Reduction  of,  522,  533 
Nitric  Acid  for  Cleansing  Glass  Apparatus, 
801 

Nitric  Acid  Poisoning 

Emergency  Treatment,  269 
Examination  for,  803 

Nitric  Acid  Test  for  Morphin  Residue,  849, 
850,  853 

Nitrobenzene  in  Poisoning  Cases 
Recognition  by  Odour,  803 
Test  for,  821 

Nitrogen  in  Stools  ;  Estimation,  575 
Nitroso-Indol  Test,  521,  595 
Njugu,  78 
Nkufu,  278 

Nocardia,  Culture  Media  for,  509,  590 
in  Follicular  Tonsillitis,  568 
in  Sputum,  570 

Noeardial  Infections,  Local  Tissue-Swellings 
in,  606 

Nodules,  seen  Post-mortem,  in 
Brain,  614 
Lungs,  613 
No  Eye  Pea,  78 
Noguchi’s  Antivenenes,  760 

Butyric  Acid  Globulin  Test,  566 
Media  for  Spironema  and  Leptospira 
Cultivation,  519 

Nohu,  795 

Non-Biting  Flies,  see  Diptera,  Non-Blood- 
Sucking 

Non-Poisonous  Snakes,  see  Snakes,  Non- 
Poisonous 

Non-Rattling  Crotalinae  ;  Habitat,  690 
Non-Volatile  Poisons  of  Vegetal  Origin, 
Separation  of,  800,  837 
Nonne  Apalt  Test  for  Globulin,  565 
Noratropin ;  Melting-point,  852 
Norhyoscyamin ;  Melting-point,  852 
Normal  Horse  Serum,  624 

and  Dried  Powder  from,  for  Haemorrhage, 
632 

Solution  (N/l),  503 

of  Sodium  Hydrate,  503 
of  Sulphuric  Acid,  503 
Normoblasts,  538,  539 
North  American  Rat  Flea,  481 
Ticks,  284,  285 

Norton’s  Abyssinian  Tube  Wells,  98 
Nose,  see  Nasal 
Nostalgia,  8 
Notechis,  715 
Antivenene,  760 
Habitat,  692,  715 
Species 
scutatus 
Venom 

Dried,  Yield,  731 
M.L.D.,  743 
Notesthes  orbusta,  796 
Notonectidse,  311,  324 

Species  Inimical  to  Mosquitoes,  341 
Novy  Macneal’s  Culture  Medium,  513 
Nicolle’s  Modification,  513 
Nucleated  Red  Blood  Cells,  538 
Nuclei  of  Leucocytes,  539,  540 
Nurse,  the,  239 
Duties,  240 


Nurse,  coni. 

Personal  Hygiene,  Dress  and  Equipment, 
240-1 

Preliminary  Qualifications,  240 
Relations  with 
Doctor,  240,  241 
Patient,  241 

Report  of,  243,  252-3,  254 
Trained,  Definition  of,  239 
Nurse-Attendants,  Temporary,  Teaching  of, 
240 

Nurses,  Male,  240 
Nursing,  239 

Care  of  Children,  259 
Linen,  &c.,  268 
of  Carriers  of  Disease,  267 
Clinical  Observations,  249 
Emergency  Treatment  for  Poisoning,  269, 
270 

of  Infectious  Diseases,  Matter  of  Special 
Importance,  269 
of  Purdah  Patients,  267 
Racial  Customs  and  Caste  as  affecting.  247, 
265,  267 

of  Special  Diseases,  265  sqq. 

Nutmeg  Liver,  609 
Poisoning,  784 
Nutramine,  79 

Nutrient  Agar  ;  Preparation,  515 
Broth  Culture  Media,  507,  508 
Disodium  Hydrogen  Phosphate  Bouillon  ; 

Preparation,  515 
Enemata,  254,  255 
Suppositories,  256 

Nutrition,  General,  to  be  Noted  at  Post¬ 
mortems,  605 
Nuts,  Edible,  82 

Nuttallia  equi,  Tick  believed  to  Carry,  287 
Tick  Conveying,  288 

Nux  vomica  Seeds,  in  Poisoning  Cases,  850 
Detection  of,  813 
Nycteribiidae ;  Bat-Parasites,  473 
Nylander’s  Test  for  Sugar  in  Urine,  582 
Nyssoniyzomyia  (Anophelini),  346 
Nyssorhynchus  (Anophelini),  346 


OATMEAL  GRUEL,  and  Porridge,  247 
Obeah  Men,  770,  789 
Obesity,  22 

Obstruction  of  Bowels,  Stool  Consistence  in, 
573 

Oceania,  Hydrophinae  of,  690,  691,  693,  714, 
‘715,  716,  717 

Ocelli  of  Cobras,  Classification  by,  719 
Ochihopio,  278 
|  Ochindundu  ;  Bite,  323 
Ochlerotatus,  see  Aedes 
Ochro,  81 

Octosporea  monospora  ;  Fly-Host,  431 
Ocular  Micrometer,  499 

Myiasis  ;  Causal  Insects,  439,  441 
Oculars  (Lenses),  497 

Odour  in  Tests  for  Poisons,  799,  803,  807,  816, 
819,  820,  821,  826,  829,  846,  848, 
850,  851 

,  Odours  in  Illness,  of  Breath  and  Sputum,  251 
CEcacala  furens,  see  Culicoides  furens,  379 
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(Edemas,  Noted  Post-mortem,  605,  606,  613 
(Estridse,  274 

Myiases  due  to,  439,  441 
Oestrus,  Classification  by  Larval  Habits,  435 
ovis,  439 
Ogmodon,  715 
Ohomono,  382 

Oidium  albicans  ;  Staining  and  Culture,  568 
carnis,  on  Meat,  87 

Oil  Cup  for  Hanging  Food  Safes,  89,  192 
Drums  as  Latrine  Receptacles  and  Seats, 
146 

Gas,  53 

Immersion  Lens,  498 
Palms,  81 

Sugar- Yielding,  85 
Silk  Caps  for  Culture  Media,  533 
Oiling  ;  Anti-Malarial,  394,  397,  400 
Anti-Tabanid,  419 
of  Incinerator  Bases,  176 
of  Manure  Heaps,  197 
of  Refuse  Bins,  181 
of  Skin,  before  Poulticing,  257 
Oil(s)  ;  Administration,  254 
Aniline  as 

Decolorizing  Agent,  524,  618 
Mordant,  524 
for  Ant-Traps,  89,  268 
Application,  256 
Bamber,  33,  401 
Ben,  81 

Bitter  Almonds,  786,  846 
Blast-Furnace,  197 
Cassia  105 

Castor,  34,  206,  207,  209,  262,  263,  270,  299, 
537 

Cedar  Wood,  483,  533 
Citronella,  207,  401-4 
Cloves,  483,  524 
Coco-nut,  81,  401 
Cotton  Seed,  81 
Creosote  197 

Croton,  209,  767,  769,  800,  815,  837,  842, 
843 

Crude,  433,  434 
in  Dietary,  22,  81 
Dika,  81 

in  Emergency  Treatment  for  Poisons, 
269,  270 

Essential,  195,  799,  846 

Eucalyptus,  195,  485 

and  Fats  used  in  Native  Cookery,  71 

Green,  197 

Ground-nut,  78,  79 

Heavy,  196,  387,  398 

Jatropha  curcas,  843 

Kerosene,  35,  105,  132,  134,  176,  194,  197, 
211,  214,  227,  300,  318,  398,  433 
Larvicidal,  398 
Light,  197,  207 
Louse-Repellant,  299 
Mangosteen,  81 

Marking  Nut,  805,  807,  843,  844 

Mosquito-Repellant,  401 

Mustard,  81,  256 

Neem,  256 

Olive,  639 

Origanum,  620 


Oil(s),  .cont. 

Palm,  80,  81 

Paraffin,  192,  193,  214,  216,  237,  300,  307, 
318,  419,  518,  519,  533,  615,  616, 
619 

Patawa,  81 

Petroleum,  106,  178,  214,  236,  317,  813 

Poppy,  256 

Sassafras,  299,  300 

Solar,  197 

Sweet  Almond,  639 

Tar,  197 

Turpentine,  33,  34 

Used  for  Earthing  Manure,  197 

Vegetable,  78,  79,  81 

Vitriol,  801 

Poisoning  by,  Emergency  Treatment,  269 
Wintergreen,  206,  537 
Wood,  308 
Zawa,  81 

Oily  Preparations  for  Skin  Protection  of 
Troops,  18 

Oimoa,  81 
Ointments,  256 
Old  Wife  Fish,  792 

Oleander  Group,  Poisonous  Species,  784-6 
Sweet-Scented,  see  Nerium  Odorum 
Yellow,  see  Thevetia  neriifolia 
Oligocythsemia,  539 
Olitsky’s  Lipo-Vaccines,  639 
Olive  Oil,  639 

Omentum  ;  Post-mortem  Examination,  606 
Onaye,  772 

Onchocerca,  in  Meat,  88 

Onchocercus  volvulus,  Local  Swellings  due 
to,  606 

Opacity,  Appreciation  of,  in  Standardization 
of  Vaccines,  643,  Table  644 
Opali,  Great,  or  Moon-Fish,  73 
Open  Channels  for 

Disposal  of  Sullage,  127 
Distribution  of  Drinking  Water,  109 
Order  on  March,  18 
Ophidia,  683 
Characters 

General,  685,  689 
Osteological,  684 
Special,  685 

Dentition,  684,  685  sqq. 

Scale,  687  sqq. 

Classification,  684 
Digestive  Powers,  739 
Families,  684,  688 
Key  to,  689 

Geographical  Distribution,  684,  689,  692 

693 

Ophidismus,  740 
Opisthoglypha,  683 

Characters,  683,  684,  685,  689,  690 
Poison  Glands,  729 
Opisthorchis,  in  Bile-ducts,  610 
Ophthalmia,  Louse-Borne,  298 

Purulent,  Transmission  by  Flies  (suspected ), 
431 

Ophthalmology,  14 
Opium,  as  Antivenene,  727,  728 

in  Cough  and  Hemorrhage  Mixtures,  266 
in  Drug  Suppositories,  256 
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Opium  Poisoning,  270,  799,  802  sqq.,  814,  840 
Emergency  Treatment,  270 
Tests,  799,  802  sqq.,  814,  840 
for  Indian  Opium,  814,  851 
in  Poultices,  257 

Opsonic  Index,  Method  of  Determining,  552 
Optical  Myiasis,  439,  440,  588 
Oral  Hygiene,  19 

Lesions  ;  Bacteriological  Examination,  568 
for  Spironema  pallidum,  599 
Orange-Juice 

Anti-Scorbutic,  84 
in  Infant  Feeding,  262 
Orchitis,  Gonorrhoeal,  or  Syphilitic,  608 
Ordeal,  Trial  by,  Poisonous  Plants  Used,  787 
Organic  Extracts,  Injection  of,  Leucocytosis 
after,  543 

Matter ;  Destruction  of,  and  Search  for 
Residual  Metallic  Poisons,  822  sqq. 
Disinfection  by  Formalin,  218 
Poisons,  Investigation  Methods,  799,  800. 

837 

Isolation  by  Modified  Stas-Otto  Pro¬ 
cess,  837  sqq. 

Purification  and  Tests  of  Extracts,  843 
Separable  by  Extraction  with  Alcohol, 
837 

Separation  by  Immiscible  Solvents, 
841  sqq. 

Organisms,  in  Blood,  Culture  Media  for,  553 
Differentiation;  Special  Tests,  521,  551 
Disease-Producing  ( see  also  under  Names), 
Carried  by  Insects,  61,  191,  272, 
273,  274,  279,  285,  286,  288,  289, 
298,  309,  317,  319,  342,  343, 
362,  373,  380-1,  387,  388  sqq., 
407,  418,  420,  426  sqq.,  435,  441, 
445,  456,  460,  481,  485,  486 
Film  Preparations  of,  523 
Fixation  Methods,  523-4 
Isolated  for  Bacteriological  Examination, 
Temperature-Limits  and  Optimum 
Temperature  of ;  Ascertaining,  534 
Which  are  not  Good  Antigens,  632 
Oriental  Rat  Flea,  48 

Region,  Anopheles  of,  352  sqq.,  361 
Sore,  see  Leishmaniasis,  Cutaneous 
Origanum  Oil  for  Mounting  Glycogen  Sections, 
620 

Ornithodorus,  276,  278 

Distribution,  278,  279,  280,  281,  289 
Identification,  289 

Pathogenicity,  61,  191.  274,  279,  280,  288, 
309 

Species 

coriaceus,  280,  289 
megnini,  275,  281,  289 
moubata,  61,  191,  274,  275,  278,  280,  288, 
289,  309,  322 
savignyi,  278,  279,  289 
talaje,  280 
turicata,  280,  289 
Orpiment,  808 

Orr’s  Hot  Air  Disinfestor,  302 
Ortalidse,  445 

Orth’s  Fluid,  for  Fixation  of  Nervous  Tissues, 
619 

Orthopodomyia,  358 


Ortlioptera,  273 
Orthorrapha,  273,  324 
Oryza  montana,  77 
saliva ,  77 

Os  Uteri ;  Post-mortem  Examination,  608 
Osbeer’s  Fly-Spray  Solution,  207 
Oscinis  pallipes,  421 

Spironema  pertenue  conveyed  by,  430 
Oshar,  837 
Osier’s  Disease,  539 

Osmic  Acid  Vapour,  Fixative  for  Wet  Films, 
523,  532 

Osteological  Characters  of  Ophidia,  684 
Ostracion  triqueter,  792 
Ostraciontidae,  792 

Ottesen  Method  of  Fish  Preservation,  88 
Otway-type  Camp  Kitchen  for  Indian  Troops, 
63 

Ouabain,  767,  769,  772 
Ouabaio,  767,  772 
Ova  in 

Stools,  Detection,  and  Preservation,  576, 
577,  578 
Urine,  587 

Owari  Tokei’s  Japanese  Fly-Trap,  209 
Owl-Midges,  366 
Oxalic  Acid  in  Poisoning  Cases 
Emergency  Treatment,  269 
Extraction  Methods,  799,  800 
Oxaluria,  608 

Severe,  Results,  583 

Ox  Bile  Basis  for  Blood  Culture  Medium,  554 
for  Preservation  of  Cholera-suspected 
Stools,  577 

Ox  Blood  Nutrient  Broth  Culture  Medium, 
508 

Ox  Bot,  Myiases  due  to,  444 
Oxford  University,  Department  of  Patho¬ 
logy,  Standard  Agglutinable  Cul¬ 
tures  Prepared  at,  549 
Oxidation  of  Water,  95,  96,  118 
Oxygen  in 

Emergency  Poisoning  Treatment,  270 
Water,  102 

Nascent  of  Potassium  permanganate,  218 
Oxyuris,  Fly-Spread,  431 
Species  : 
curvula,  431 
vermicularis 

Fly-Spread,  431 
in  Urine  of  Young  Girls,  587 
Oysters,  76 

Ozone,  for  Water  Ozonization,  119 


PACIFIC  Coast  Tick,  285 

Rattle  Snake,  see  Crotalus  confluentus 
Paddy,  77 
Pail  System 

Domestic,  53,  152,  156 
Public,  158,  169 

Pails  (or  Makeshifts  for),  for  Latrines, 
142  sqq.,  147,  154,  159-60 
Capacity,  153 
Disinfection,  165-6 

Painter’s  or  Plumber’s  Lamp  for  Anti-Insect 
Flaming,  214,  318 
Paints,  Arsenic  in,  808 
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Pak-fan-eu,  75 
Pakhals,  109,  116 
Palatability  of 

Food,  as  affected  by  Cold  Storage,  87 
Waters 

Agent  for  Securing,  111 
Classification  by,  97 
Palearctic  Anopheles,  846,  347 
Palisota  Schweinfurthii,  772 
Pallor,  Tropical,  6 
Palm  Butter,  81 
Oil,  80,  81 
Wine,  85 

Palms,  Oil- Yielding,  81 
Sago,  77 

Sugar-Yielding,  85 
Palmyra  Palm,  85 
Palolo,  74 

Palpomyia,  378,  380 
Pampano,  72,  73 
Panada,  247 

Panama  ;  Tropical  Sanitation,  7 

Fumigation  against  Yellow  Fever,  408 
Mosquito  Control,  396  sqq.,  401 
Larvicide,  399 
Oiling  Apparatus,  398 
Trap,  401 

Pancreas  ;  Post-mortem  Examination,  610 
Pancreatic  Disease,  Stools  of.  Fat  in,  575 
Pangiban  and  Schoebl’s  Preservation  of  Sus¬ 
pected  Cholera  Stools  for  Delayed 
Bacteriological  Examination,  577 
Pangonia,  410,  413,  417-18 
ruppellii,  416 
Pangoninse,  410 
Panicum  miliaceum,  76 
Papad  (Water  biscuits),  77 
Papaw,  84 
American,  84 
Papazi,  278 
Paper 

Handkerchiefs  for  the  Tuberculous,  265 
Money  ;  Disinfection,  221.  234 
Toilet,  34,  149,  178 
Pappataci  Flies,  see  Phlehotomus 
Pappenheim’s  Stain  for  Gonococcus,  527 
Staining  Method  for  Plasma  Cells,  540, 
619 

Paradimethylamidobenzaldehyde  Test,  for 
Production  of  Indol,  521 
Para-Dysentery  Organisms,  593-4 
Paraffin  ;  Anti-Insect  Uses,  192,  193,  300, 
307,  318,  419 
for  Cremation,  237 

as  Indicator  for  Steam  Pressure  Apparatus, 
216 

Liquid,  for  Mounting  Microscopical  Pre¬ 
parations,  533 

Melted,  for  Sealing  Tubes,  518,  519 
Process  of  Embedding  of  Tissues  for  Ex¬ 
amination,  615,  616 
Soft  Soap  for  Disinfestation,  307 
in  Staining  Methods,  619 
Paraform  Tablets,  234 
Paragonimiasis,  Lung  Lesions  in,  613 
Paragonimus  westerrnani,  or  Ova,  in  Pul¬ 
monary  Lesions,  613 
Ova  in  Sputum,  570 


Paraguay  Palm,  81 
Tea,  86 
Paralysis 

Infantile  ;  Insect  Vector  (suspect),  456 
Tick,  in 
Man,  286 
Sheep,  284 

Vasomotor,  due  to  Viper-Bite,  742  . 
Paraplegia,  Spastic,  caused  by  Lathyrus  sp,, 
782 

Parasimulium,  381 
Parasite-Rate,  Malarial,  389 
Parasites 

Bodies  that  may  Simulate,  in 
Fresh  Blood  Films,  545 
Stained  Blood  Films,  545-7 
Parasitic  Skin  Diseases ;  Investigation,  588  sqq. 
Parasites  Causing 
Animal,  588 
Vegetal,  588  sqq. 

Worms,  Fly-Spread,  431,  432 
Parasitism ;  Effects  formerly  Ascribed  to 
Climate,  8,  9 

Parasols,  Colour  for  Lining,  16 
Parasyphilis,  Wassermann  Reaction  in,  559, 
561,  567 

Parasyphilitic  Conditions  of  Nervous  System, 
Cerebrospinal  Fluid  in,  565 
Paratyphoid  Fevers,  see  also  Enterica 
Liver  Abscess  in,  609 
Prophylaxis  ;  Vaccine,  646,  647,  648 
A  and  B  Infections 
Fly-Spread,  432 
Serological  Diagnosis,  593 
Inoculation  against,  27 
Parched  Maize,  76 
Parclomyia,  358 

Paregoric  Poisoning  ;  Emergency  Treatment, 
270 

Parenchymatous  Inflammation  of  Liver,  610 
Pargo  criollo,  73 
Pariah  Dogs,  236 

Parke  Davis  &  Co.'s  Coagulose,  632 

Parrot  Fishes,  792 

Parsee  Burial  Method,  235 

Partitions,  in  Mosquito-Proof  Houses,  56,  57 

Paruru,  79 

Pasi,  278 

Paspalismus,  782 

Paspalum  platycaulon,  59 

scrobiculatum,  Poisoning  by,  782 
Pasteur-Chamberland  Filters,  31,  114,  120, 
638,  750 

Patagiamyia  (Anophelini),  345 
Patawa  Oil,  81 

Pathogenic  Micro-Organisms  ;  Isolation,  De¬ 
tection,  and  Identification,  592  sqq. 
Properties  of  Isolated  Organisms,  Testing 
of,  534 

Pathological  Effects  of  Climate,  6,  7 
Fluids  ;  Examination,  563  sqq. 

Significance  of  Erythroblasts  in  Circulating 
Blood,  538 
Patient,  the,  241 

Accommodation,  241-2 
Beds  for,  242 

Changing  of,  242 
Moving  in,  243 
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Patient,  cont. 

Clothing  ;  Changing  of,  243 
Convalescent,  Care  of,  267 
Dietetic  Preparations  and  Drinks  for,  245 
Feeding  by 

Enemata,  254,  256 
Suppositories,  256 
Helpless  ;  Feeding,  249 
Medicine-Giving  to,  254 
Hindu  or  Mohammedan,  247,  267 
Isolation  of,  Suitable  Room  for,  241-2 
and  Nurse,  Relations  between,  241 
Nurses’  Reports  on,  243 
Personal  Hygiene,  243,  244 
Protection  from 
Chill,  243 

Hot-Water  Bottles,  242 
Purdah,  267 

Sleeping,  Not  to  be  Roused,  244,  254 
Toilet,  243,  244 
Use  of  Bed-Pan,  243,  252 
Patio,  of  Spanish  Houses,  47 
Paullinia  cururu,  773 
pinnata ,  773 
Peanuts,  78 

Pearce  Duff’s  Pea  Flour,  510 
Peas,  77 

Peaty  Waters,  101 
Pechadi,  782 
Pedicinus,  291,  292 
Pediculidae,  291 

Association  with  Disease,  298,  308,  588, 
606 

Pediculoid.es  ventricosus,  272 
Pediculoididae,  272 
Pediculosis 

Insects  Causing,  291  sqq.,  588 
of  Scalp,  Enlarged  Cervical  Gland  in,  606 
Pediculus,  291 

humanus,  292,  298,  299 
var.  capitis,  292,  588 
var.  corporis  ( =  vestimenti),  292,  588 
Pedilanthus  tithymaloides,  772 
Pegya  Beans,  77 
Pellagra 

Emaciation,  603 
Erythema,  7,  606 

Insects  Suspect  as  Vectors,  380,  387,  456 
Lymphocytosis,  543 
Post-mortem  Indications,  605,  606,  608 
Suprarenal  Capsules,  608 
Pellagri’s  Test  for  Morphin  Residue,  849 
Pemphigus,  Eosinophilia  in,  543 
Pe-myit,  778 

Penicillium,  on  Canned  Meat,  91 
Penis  ;  Post-mortem  Examination,  608 
Pennisetum  typhoideum,  76 
Pent  Roofs,  37,  42 
Pentastomida,  272 
Pentosuria  ;  Nylander’s  Test,  582 
Pepsin,  in  Gastric  Contents  ;  Test,  571,  572 
Pepsin  Wine,  248,  249 

Peptone  Brilliant  Green  Culture  Medium  for 
B.  paratyphosus  and  B.  typhosus, 
576,  592 

Medium  for  V.  choleras  Culture,  594 
Sodium  Chloride  Solution  for  Isolating 
V.  choleras  from  Water,  510,  603  I 


Peptone,  coni. 

Veal  Broth  for  Cultures  of  Enterica  Bacilli, 
548 

Witte’s,  510,  517 
Peptones,  22 

for  Nutrient  Broth,  508 
Peptonization  of  Beef-tea  and  Milk,  249 
Perch,  Mountain,  75 
Perforation,  Abdominal,  606 
Pericardial  Fluids  ;  Examination,  565 
Sac  ;  Post-mortem  Examination,  612 
Perisplenitis  in  Chronic  Malaria,  606 
Peristalsis,  Increased,  Stool-Colour  Indicating, 
573 

Peritoneal  Fluid(s),  606 

Examination  and  Nature,  563 
Surface,  in  Cholera,  606 
Peritoneum  ;  Post-mortem  Examination,  606 
Peritonitis,  606 

Pernicious  Anaemia,  see  under  Anaemia 
Malaria,  see  Sub-Tertian,  under  Malaria 
Perrier  Water  Bottles,  Caps  of,  120 
Persea  gratissima,  84 
Persian  Water  Wheel,  102 
Personal  Hygiene  in  the  Tropics,  1  sqq. 
of  Nurse,  240 
of  Patient,  243,  244 
for  Tuberculous  Orientals,  266 
Perspiration  in  Children,  264 
Chill  after,  Avoidance  of,  265 
Due  to  Clothing,  14 
Nurses’  Record,  244 
in  White-  and  Dark-Skinned  People,  3 
Pessaries,  Abortion  ;  Poisons  used,  805,  837 
Petechial  Haemorrhages,  Diseases  with  which 
associated,  605 

Petroff’s  Method  for  Cultivation  of  B.  tuber¬ 
culosis  from  Sputum  and  Faeces,  520 
Petrol,  Anti-Ant  Use,  193 
Petrol  Cans,  for 

Latrine  Seats,  138,  142,  143,  146 
Water  Distribution,  108 
Petroleum,  Anti-Insect  Uses,  178,  214,  317, 
448 

for  Cremations,  236 
in  Hashish  Test,  813 
for  Pumping,  106 
Petrolia  Brazing  Lamp,  214 
Pever’s  Patches,  Ulcerations  of,  611 
Pfeiffer’s  Bacillus,  see  B.  influenzas 
Phenomenon  with  El  Tor  Vibrio,  595 
Ph-,  see  Hydrogen-ion  Concentration 
Phagedena,  Sloughing  ;  Diagnosis,  591 
Phalangidea,  272 
Phantom  Larvae,  326 
Phanurus,  attacking  Tabanid  Eggs,  418 
Pharaoh’s  Ant,  193 
Phaseolunatin,  786,  787 
Phaseolus,  786,  787 
Chief  Varieties,  786 
Species 

aconitifolius,  78 
lunatus,  77,  783,  786,  787 
Poisoning  ;  Tests,  820 
mungo,  77 

var.  radiatus,  77 
Phenofax,  18 

and  Camphor  as  Anti-Fly  Fumigant,  207 
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Phenol  as  Disinfectant,  217 

Cresol,  Gnaiacol  Mixtures,  Analysis  of,  in 
Poisoning  Cases,  821 
Pure,  in  Poisoning,  820 
Produced  by  Putrefaction,  821 
Red, 504 

Solution,  505-6 

Phenol -phthalein  Indicator  Paper,  503,  639, 
641,  852 

Test  for  Atropin  Group  of  Alkaloids,  852 
in  Vaccine  Preparation,  639,  641 
Phenols,  Methyl,  in  Carbolic  Acid  Poisoning, 
820 

Phenyl  Solution,  220 
Phenylisonitrile,  821 

Philippine  Islands,  Racial  Acclimatization  in, 
and  Tropical  Sanitation,  8 
Phlebotominse,  366 
Phlebotomus  (Sand-Flies),  189,  366 
Association  with  Disease,  194,  373 
Bionomics,  371 
Bites,  418 

Treatment,  33 

Breeding-Places,  194,  195,  372,  374,  490 
Collection  and  Preservation,  490,  491 
Eggs,  370 

Haunts,  194,  195,  490 
Natural  Enemies,  372 
Prophylaxis 

Destructive,  194,  195,  374 
Protective,  27,  373-4 
References,  374 

Species  ;  Distribution,  367-8,  378 
angustipennis,  367,  368 
antennatus,  367 
argentipes,  367,  370,  371,  372 
var.  marginatus,  367 
atroclavatus,  367 
babu,  368 
beclfordi,  367 
caucasicus,  367 
cruciatus,  367 
duboscqui,  367,  368,  371 
himalayensis,  367 
ingrami,  367 
intermedius ,  367 
legeri,  368 
longipalpis,  367 
lusitanicus,  368 
major ,  367,  368 
var.  chinensis,  367 
var.  griseus,  367 
malabaricus,  367 
niascittii,  367 

minutus ,  367,  368,  370,  371,  372,  373 
var.  africanus,  367 
var.  niger,  367 
nicnic,  367 

papatasii,  366,  367,  368,  369,  370,  371, 
372,  373 

perniciosus,  367,  368,  373 
var.  nigerrimus,  367 
perturbans,  367 
rostrans,  367 
roubaudi,  367,  368 
sergenti,  367 
simillimus,  367 
squamipleuris ,  367 


PhlebQtomus,  cont. 

Species,  cont. 

squamiventris,  367 

stantoni ,  367 

tipuliformis  (fossil),  368 

verrucarum,  367,  371,  372,  373 

vexator,  368,  371 

walkeri,  368 

zeylanicus,  368 

Phleum  pratense,  Toxin  of,  for  Hay  Fever 
Vaccine,  650 

Philxmatomyia,  450,  451,  453 
Species 

crassirostris,  450,  451,  453 
gurneyi,  451 
lineata,  451 
Phoenix  dactylifera,  83 

Phonergatesbicoloripes,  Inimical  to  O.  moubata, 
322 

Phoosa,  see  Echis  carinatus 
Phoridae,  273 

Phormia,  Classification  by  Larval  Habits,  435 
regina,  Myiasis  due  to,  438 
Phosphates,  Triple.  Crystals  of,  in 
Stools,  576 
Urine,  584 

Phosphatic  Urinary  Calculi,  587 
Phosphorus  for  Cockroach  Destruction,  193 
Phosphorus  in  Poisoning  Cases 

Examination  and  Tests,  799,  800,  803,  807, 
816 

Phosphorus  Poisoning ;  Emergency  Treat-  • 
ment,  270 
Liver  in,  610 
Phthirus  pubis,  291,  588 
Physcdia  pelagica  ;  Sting,  794,  797 
Physic  Nut,  780,  782 
French,  780 

Physical  Defects  of  Infants  ;  Medical  Ex¬ 
amination,  264 
Disinfectants,  213  sqq. 

Methods  of  Water  Purification,  111—12 
Physiological  Effects  of  Tropical  Climates, 
2  sqq. 

Nature  of  Toxic  Substances  in  Venom,  745 
Tests  for  Poisons,  805  sqq.,  813,  815,  840, 
843,  845,  846,  847,  850,  852,'  854 
Phthisis,  Sputum  :  Precautions,  251 
Physostigma  venenosum ,  787 
Physostigmin,  787 

in  Poisoning  Cases,  850 
Tests,  850,  854 
Phytotoxins,  764,  777,  788 
Piassava  Palm,  Sugar-yielding,  85 
Pickling  of  Meat  and  Fish,  90 
Picric  Acid  in  Fixative,  523 

in  Identification  Test  for  Individual 
Members  of  Atropin  Alkaloid 
Group,  852 
Alcohol 

Decolorizer,  529 

Solution  for  Insect  Preservation,  489 
and  Brilliant  Green  Culture  Medium,  517 
Picrotin,  846 
Picrotoxin,  844 

in  Poisoning  Cases,  846 
Tests,  846,  847 
Picrotoxinin,  846 
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Pigeon  Pea,  77 
Tick,  277 

Pigeons  ;  Average  Rectal  Temperature,  534 
as  Food,  69 

Pigment  Particles  from  Skin  in  Blood  Films, 
547 

Pigmentation,  Dermal  ;  ^Etiology,  6 
Pigments  in  Tissues,  620 
Pigs  ;  Diseases  and  Habits,  68 
Snake-Killing,  761 
Tick  Attacking,  280 

Wild,  in  relation  to  Glossina  palpalis,  471 
Piles,  External,  Ointments  for,  256 
Pili  Nuts,  82 

Pill-Boxes,  Glass-bottomed,  for  Entomo¬ 
logical  Specimens,  488 
Pillars  and  Arches  below  Houses,  40 
Pillows,  Adjustment  of,  243 
Pills,  Administration  of,  254 
Pilocarpin,  843 
in  Treatment  of 

Datura  Poisoning,  778 
Nerium  Odorum  Poisoning,  784 
Pimples  at  Teething  ;  Treatment,  263 
Pinworms,  Fly-Spread,  431,  432 
Pindar,  78 
Pine-apples,  245 
Pine  Needles  for  Urinals,  1 52 
Pinking  of  Wells,  111,  219 
Pinning  of  Insect  Specimens,  489,  490,  491 
Pins,  Entomological,  488-9 
Piophila,  445 

Larval  Habits,  441 
Classification  by,  435 
Myiases  due  to,  441,  446 
Species :  casei,  441 
Piper  nigrum,  845 
Piperin,  845 
Pipes,  see  Water  Pipes 
Pipettes,  Bacteriological,  505 
Capillary,  501,  541 
Cleaning,  542 
Ordinary,  505 
Pipsa  Fly,  382 

Piroplasma,  Conveyed  by  Ticks,  288 
Species 

bigeminum,  286 
bovis,  286,  288 
canis,  288 
divergent,  288 
equi,  286,  288 
ovis,  288 

Piroplasmoses,  Ticks  Causing 
Bovine,  286 
Equine,  286 
Pisciclia  Erythrina ,  773 
Pistia,  360 
Pisum  arvense,  78 
Pit  Closets,  130 

Incinerator  for  Horse  Manure,  201 
Pit  Viper,  Green,  see  Lachesis  gramineus 

Himalayan,  see  Ancistrodon  himalayanus 
Pit  Vipers,  see  Crotalinae 
Pitfield  Staining  Method,  R.  Muir’s  Modifica¬ 
tion  of,  525-6 
Pithecolobiurn  diilce,  78 
Pitless  Vipers,  see  Viperinse 
Pito  Bug  ;  Bite,  323 


Pits,  Defaecation,  129 

Filter,  for  Sullage,  123-4 
Latrine  (Lavage),  144 

Shallow,  Tarpaulin-lined  for  Water  Stor¬ 
age,  103 
Soakage,  148 

Closed,  for  Urine,  149  sqq. 

Pium,  383 
Plague,  39 

Brain  in,  614 

Corpse  Disinfection,  221 

Diagnosis 

Bacteriological,  596-7 
Serological,  597 
Disinfection,  212,  213,  221 
Fleas  Transmitting,  481,  482,  485 
Haemorrhage  in  Kidney,  607,  608 
Leucocytosis,  Polymorphonuclear,  in,  543 
Liver  Congestion,  609 
Petechial  Haemorrhages,  605 
Post-mortem  Indications,  606,  607,  608, 
613,  614 
Prophylaxis 
Inoculation,  27 
Iodoform  on  Clothing,  485 
Vaccine,  646,  648 
Sera  for,  623 
Spleen  in,  607 

Cultures  from,  Post-mortem,  607 
Spread  by 

Bed-Bugs,  Experimentally,  317 
Fleas,  481,  482,  485 
Rats,  189 

Treatment  by  Sero- Vaccine,  636 
Bubonic 

Bacteriological  Diagnosis,  596-7 
Lymphatic  Gland  Enlargement,  606 
Pneumonic 

Bronchial  Glands  in,  613 
Lung  Conditions,  613 
Sputum  :  Precautions,  251 
Rat,  Flea-Spread,  485 

Post-mortem  Appearances  in  Natural 
Infection,  597 
Plague  Flea,  481,  482 
Plaice,  73 

Plank  Covers  for  Temporary  Shallow  Latrines, 
133-4 

Plant-Feeding  Bugs,  309,  323 
Plantains,  77,  82 
Dried,  80 

Leaves  used  for  Covering  Poultices,  257 
Plants,  Oxygen-yielding,  in  Water  Tanks,  102 
Plasma  Cells,  540 
Fixation,  619 
Staining,  540,  619 

Trypagar  (Thomson’s)  for  Culture  of 
Gonococci  for  Vaccine,  642 
Plasmodium  praecox,  Culicinae  in  which  De¬ 
veloping,  343 
Platforms  for 

Excreta  Separation,  165 
Horse  Manure 
Drying,  196 
Storing,  199 

Platinum,  Heating  on,  for  Detection  of  In¬ 
organic  Powders  [Poisons],  799,807 
1  Loops,  for  Laboratory  Work,  501,  523 
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Platuras,  716,  717 

Habitat,  692,  715,  717 
Species:  laticaudatus,  717 
Platy plectrums,  689 
Plectranthus,  80 
Pleural  Fluids 

Examination,  564 
Nature,  563 

Post-mortem  Examination,  612 
Sacs,  Post-mortem  Examination,  612 
Plinths  for  Raising  Houses  and  Huts,  40,  56, 
61 

Plotosidse,  796 

Plotosus  arcib,  Poisonous  Wounds  made  by,  796 
Plumbagin  in  Poisoning  Cases,  798 

Extraction  and  Tests,  799,  814,  837,  844, 
845,  846 

Plumbago,  Poison  from,  798,  805,  813,  814, 845 
Species 
rosea,  813 

zeylanica,  798,  837,  844 
Pneumobacilli  in  Sputum,  570 
Pneumococcal  Infections,  Pleural  Fluid  in, 
564,  565 

Meningitis  ;  Exudate,  614 
Sera,  623,  625,  630,  631 
Vaccines 
Dosage,  622 
Standardization,  641 
Pneumococcus(i) 

Castellani’s  Absorption  Test  for,  551 
of  Corneal  Ulcers,  569 
Culture  Media,  512,  554,  641 
Four  Types,  600,  630 

Determination  of,  600,  601 
mucosus ;  Identification,  601 
Obtained  by  Lung-Puncture,  565 
in  wSputum,  570 
Isolation,  600 

Types  Causing  Lobar  Pneumonia,  630 
Differentiation  of,  630-1 
Typing  of,  by  Agglutination  Test,  547 
in  Urine,  602 
Pneumonia 

Causal  Organism,  see  Pneumococcus 
Causes,  63,  613 
Class  Incidence,  63 
Post-mortem  Indications,  613,  614 
Prophylaxis  :  Vaccine,  646 
Sputum  of,  251 

Treatment  by  Serotherapy,  623,  625,  630, 
631 

Urine  in,  583 
Epidemic 
Diagnosis 

Bacteriological,  600-1 
Serological,  601 
Lobar,  613 

Causal  Organisms  :  Types,  Differentia¬ 
tion,  630-1 

Treatment  by  Serotherapy,  625,  630 
of  Pneumonic  Plague,  613 
Septic,  Brain  Abscess  from,  614 
Pneumonic  Plague,  see  under  Plague 
Pocket  Contents,  Examination  of,  in  Poison¬ 
ing  Cases,  799,  802,  836 
P oecilia,  Larvivorous  Fish,  341 
poeciloides,  341 


Poi,  81. 

Poikilocytes,  538 
Poison  Bulb,  852 
Poison  Glands  in  Snakes 

Anatomy  and  Histology,  690,  728,  729 
Position,  696,  697,  748 
Size,  684,  696,  697,  729 
Poison,  Traces  of ;  Material  for  Examina¬ 
tion  ;  Quantity,  822 
Poisoned  Arrows 

Poisons  used  ;  Sources,  765  sqq. 

Table,  772-3 
Wounds  from 
Symptoms,  769 
Treatment,  770 

Poisoning,  see  also  under  Names  of  Poisons 
Accidental,  770  sqq.,  786,  789,  804 
Tests,  841 

Emergency  Treatment,  269-70 
of  Flies,  200,  207  sqq.,  434 
Homicidal,  764,  789,  794,  804,  815,  841 
from  Ingestion  of  Fish  Containing  Toxin 
not  due  to  Decomposition,  790  sqq. 
by  Inoculation  of  Toxins  through  Wounds 
Inflicted  by  Fish,  790,  794 
Suspected,  Post-mortem  Examination  of 
Stomach  in,  608-9 
Poisoning  Cases 

Chemical  Investigation 

Collection  and  Choice  of  Material  for, 

799,  800,  816,  822 

Investigation  and  Tests,  799,  802,  822 
Destruction  of  Organic  Matter  and 
Search  for  Residual  Metallic  Poi¬ 
sons,  799,  822  sqq. 

Determining  Presence  of  an  Alkaloid  ; 
Process,  848 

Tests 

(а)  Preliminary,  799,  801,  802  sqq.,  840 
Physiological,  803,  805 

(б)  Confirming  or  Controlling,  803  sqq. 
( c )  Sublimation,  806 

Systematic  Separation,  or  Analysis, 
799,  816,  822,  837 
Scheme  for  Examination,  799 
Poisonous  Characters  of  Particular  Species  of 
Snake  ;  Main  Factors,  684,  689 
Drugs,  Labels  for,  254 
Special  Bottles  for,  254 
Gases,  Poisoning  by ;  Emergency  Treat¬ 
ment,  270 

Roots;  Examinations,  799,  813 
Saliva  of  Sepedon,  703 
Seeds,  in  Poisoning  Cases 

Examination  for,  799,  802  sqq.,  811,  812, 
813,  815 

Snakes,  see  Snakes,  Poisonous 
Poisons  ;  Analytical  Groups,  800 

Common  Tropical,  Detection  of,  Methods 
for,  798  sqq. 

Metallic 

Destruction  of  Organic  Matter  and 
Search  for  Residual,  799,  800,  822 

Organic 

Separable  by  Extraction  with  Alcohol, 

800,  837 

Stas-Otto  Process  for,  837  sqq. 
Supposed,  Used  by  Natives,  804,  805 
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Poisons,  cont. 

Tests  for,  see  Dialysis,  Distillation,  Electro¬ 
lytic,  Marsh,  Reinsch,  Stas-Otto, 
&c.,  and  under  Poisoning  Cases 
above 

Vehicles  for;  801,  804,  805 

Volatile;  Systematic  Separation,  799  800, 

816 

Pole-Cats,  Fleas  found  on,  484 
Pollen  Vaccines  for  Hay  Fever,  650-1 
Pollenia  rudis,  Parasite  of,  432 
Pollution  of  Water,  see  under  Water 
Polychromasia,  538 
Polychromatophilia,  538,  539 
Polychrome  Blue  :  Formula,  533 
Methylene  Blue,  533 
Polycythemia,  539 
Splenic,  539 

Polynemus  paradiseus,  75 
Polypi  of 

Bladder,  608 
Nose,  251 
Rectum,  608 
Hemorrhages  from,  574 
Pomatomus  saltatrix,  73 
Pomfret,  73,  74 
Poncho,  16 
Pond  Skaters,  323 
Ponds,  93 

Artificial  (see  also  Tanks),  93 
Ponkwalla  Subcaste,  Crafts  of,  718 
Pools,  Formation  of,  109,  124 

Paraffining  to  Destroy  Tabanide,  419 
in  River-Beds  ;  Pollution,  98 
Poon  Upas,  Arrow-Poison,  769,  773 
Poor  Whites,  West  Indian,  8 
Poppy  Oil,  256 
Porcupines,  278,  718 
Pork,  Objections  to 
European,  68 
Mohammedan,  247 

Porous  Clay  Water  Vessels,  as  Vehicles  for 
Poison,  804 

Porphyroxin  Test  for  Opium,  814,  851 
Porridge,  Oatmeal,  and  Substitutes,  247 
Portable  Bath,  34 
Filters,  114 
Fly-Proof  Latrine,  145 
Fumigators,  230 
Porters,  African,  Native 
Average  Loads,  18 
Speed,  on  March,  18 
Portland  Cement,  101 

Portchinsky’s  Paraffin  Method  of  Destroying 
Tabanidse,  419 

Portuguese  Man-o’-war  Sting,  794,  797 
Port-Wine  Jelly,  247 
Posset,  249, 

Post-mortem  Appearances,  in  Rats,  Naturally 
Infected  with  Plague,  597 
Changes  ;  Rapidity,  and  Effects,  605 
Examination,  Inference  from,  in  Poisoning 
Cases,  as  Guide  to  Order  of  Tests, 
816 

in  the  Tropics,  604  sqq. 

Cephalic,  613-14 

Clinical  Facts  to  be  placed  at  Operator’s 
Disposal,  605 


Post-mortem,  cont. 

Examination,  cont. 

External,  605-6 

General  Observations,  604-5 

Internal,  606-13 

Findings  in  Ackee  Poisoning,  775 
Material,  Isolation  from,  of 
B.  dysenterix,  594 
B.  pestis,  597 

B.  typhosus  and  Allied  Organisms,  592 
Meningococci,  596 
Micrococcus  melitensis,  595 
V.  cholera?,  595 

Operator,  Protective  Clothing  and  Gloves 
of,  604 

Punctures  ;  Value,  605 
Records  to  be  Kept,  605 
Room  and  its  Fittings,  604 
Pot  Method  of  Sulphur  Fumigation,  222 
Wells  ;  Protection,  104 
Potable  Waters,  97 
Potash  (Potassium) 

Alum,  for  Water  Purification,  115 
Bichromate,  as  Cattle  Poison,  804 
in  Poison  Tests,  853,  854 
Solution,  for  Rabies-Suspect  Material, 
602 

Bromide,  in  Cough-Mixture,  266 
Caustic,  Poisoning  by ;  Emergency  Treat¬ 
ment,  269 

Vesicants  Changed  and  Unchanged  bv, 
845 

for  Well-Purification,  111 
Chlorate,  in  Destruction  of  Organic  Matter 
in  Search  for  Metallic  Poisons, 
822  passim. 

Mouth- Wash,  in  Manchineel  Poisoning, 
828 

Chromate,  with  Hydrochloric  Acid  Test  for 
Cocaine,  855 

Cyanide  Poisoning  ;  Emergency  Treatment  , 
270 

Ferrocyanide,  in  Poison  Tests,  854 

Solution,  for  Demonstrating  Hemo¬ 
siderin  in  Malarial  Tissues,  619 
Hydrate,  in  Stain,  525 
Permanganate,  for 
Cleansing,  90,  120 
Disinfection,  34,  217,  218,  234 
Maggot  Destruction  (with  Formalde¬ 
hyde),  204 

Opium,  Poisoning,  270 
Poisoned  Arrow  Wounds,  770 
Snake-Bite,  34,  739 
Water  Sterilization,  116 
Well-Water  Purification,  111 
Potato  Culture  Media,  514 
Inoculation,  533 
for  Klebs  Loffler  Bacillus,  596 
Test,  for  Steam  Apparatus,  216 
Potatoes,  Sweet,  80 

Potency  Tests  for  Anti- Variolous  Vaccines 
Dried,  681 

Glycerinated,  675,  676 
Pottery ;  Sterilization  by  Heat,  214 
Potu  Fly,  382 
Poulardes,  68 
Poultices,  244,  257 
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Poultry,  68 

Drawn  and  Undrawn,  Effects  on,  of  Cold 
Storage,  86-7 

Yards,  Anti-Tick  Prophylaxis  for,  277 
Powdered  Glass,  in  Poisoning  Cases 
Microscopical  Search  for,  799,  803,  806 
Powders  ;  Administration,  254 
Chemical  Disinfectants,  213,  221 
Fly-Destructors,  209 
Poison  given  in,  804 

Prairie  Rattle  Snake,  see  Sistrurus  catenatus 
Prawns,  76 

Precipitation  Method  for  Recognition  of 
Pneumococci,  with 
Serum,  601 
Urine,  602 

for  Water  Purification,  115 
Precipitin  Reaction  (Ascoli’s)  for  B.  anthracis, 
598 

Pregnancy,  Leucocytosis  in,  542 
Prepuce,  Conditions  of,  Inducing  Enuresis, 
263 

Preservation  of  Food,  86,  90  sqq.,  192 
of  Entomological  Specimens,  488  sqq. 
and  Staining  of  Helminths,  578 
Prestea  Method  of  Disposal  of  Sullage,  123 
Prevention  and  Destruction  of  Vermin, 
189  sqq. 

Prickly  Heat,  16,  263 

Sulphaqua  Bath  Charge  for,  34 
Prickly  Pear  Seeds,  811 
Prionomyia,  380 

Prisons,  Native,  Hygiene  for,  63 
Privies,  Aqua  Type,  181 
L.R.S.,  177  sqq. 

Sanitary,  U.S.A.,  130,  177 
Wet,  177 
Proboscides  of 
Blood-Sucking 

Muscidae,  448  sqq.,  452,  458-9,  473 
Nematocera,  326,  327 
Tabanidae,  417 
Prophylactic  Sera,  623,  624 
Vaccines,  635 

Diseases  in  which  Used,  646  sqq. 
Preparation  on  Large  Scale,  641 

Broth  Cultures  for,  versus  Agar,  641 
Prophylaxis 

Climatic,  11  sqq. 

General  Tropical,  26  sqq. 

Prosimulium,  381 

Prostatic  Enlargement  in  Natives,  608 
Massage,  587,  647 
Threads,  in  Urine,  586 
Prostatitis 

Chronic,  Indication  of,  586 
Gonorrhoeal,  Posterior 
Examination,  587 
Test,  516,  587 
Prostigmata,  272 
Prostriata,  281,  282,  283,  289 
Proteid  Diminution  in  Tropical  Diet,  21,  22 
Reactions  of  Venoms,  738 
Protein  Content  of  Copra,  82 

Diet,  Excessive,  Stool-Odour  due  to,  574 
Protein  Shock  Therapy  in  Typhoid,  647 
Proteolytic  Ferments  in  Venoms,  738,  739, 
747,  748,  749 


Proteoses  in  Venom,  739 
Proteosoma  grassi,  343 
Proteroglypha,  684 
African,  690,  692,  701 
American,  690,  693,  708 
Asiatic,  690,  692,  694 
Characters,  686,  689,  690,  728 
Classification,  684,  690 
Key  to,  689 

Habitat,  690,  692,  693,  694,  701,  708,  714 
Oceanic,  690,  692,  714 
Venom  ;  Toxic  Contents,  746 
Protoanopheles,  346 
Protozoa,  Fly-Transmitted,  428  sqq. 

Infesting  Simulium  Larvae,  388 
Staining  Methods,  516,  530,  531,  532,  533 
in  Tissues  ;  Disintegration  by  Putrefaction, 
605 

Thin  Sections  needed,  617 
Wet  Fixation  and  Staining  Method  for, 
531-2 

Protozoal  Diseases  ;  Disinfection,  212 
of  Skin,  588 

Pruning  Spider,  190,  191 
Prunus  serotina,  Poison  from,  854 
Prussian  Blue  Test  for 
Cyanides,  800,  820 
Haemosiderin,  610 
Prussic  Acid 

Plants  Yielding,  77,  80 
Poisoning  ;  Emergency  Treatment,  270 
Pseudaconitin  in  Poisoning  Cases,  853 
Tests,  852 
Pseudechis,  715 
Habitat,  692 

Species  :  porphyriacus,  714,  731 
Venom,  741 

Chemical  Analysis,  738 
Dried,  Yield,  731 
Toxic  Contents,  738,  747 
Pseudelaps,  715 
Habitat,  692 
Pseudocerastes,  698,  699 
Habitat,  693 

Species  :  persicus,  699 
Pseudo-Ephedrin,  852 
Pseudomyzomyia,  (Anophelini),  346 
Pseudoparasitism  in  relation  to  Myiases,  446 
Psoriasis,  Eosinophilia  in,  543 
Psorophora,  357,  358,  361 

Subgenus  :  Psorophora  (sens,  stric.),  361 
Psychoda,  366 
Psychodidae,  273,  325,  365 
Psychodinae,  366 

Psvlli,  Supposed  Immunity  of,  to  Viper-Bite, 
725 

Ptomaines,  850 

Puberty  :  Climatic  Acceleration,  5 
Puddings,  249 

Milk  ;  Slow  Cooking,  249 
Puddling  of  Defaecation  Trenches,  133 
Pudenda,  Ulcerating  Granuloma  of,  608 
Puff  Adders,  703,  705 
Pulex,  483 
Species 

irritans,  481,  482,  484 
Plague-Transmitter,  485 
pallipes,  482 
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Pulicidae,  480 

Association  with  Disease,  485 
Classification,  483 
•  Species  Important  to  Man 
Known,  481 
Possible,  481-2 

Pulley  and  Bar  for  Patients’  Use  in  Bed,  243 
Pulmonary  Abscesses,  613 
Exudate,  613 
Haemorrhages 
Indications,  570 
Post-mortem,  613 
Treatment,  266 
Lesions,  Ova  in,  613 
Tuberculosis,  62,  613 
Pulque  Fuerte,  85 
Pulse 

Nurses’  Record,  244 
Taking,  250 

Places  for  Feeling,  244,  250 
Rate,  244,  250 

Effect  on,  of  Climate  and  Exercise,  5 
Rhythm,  250 
Pulses,  76,  77,  262 
Pumpkins,  White,  81 
Pumps,  105,  106,  111,  400 

Priming  of,  Water  Pollution  from,  99 
Punkahs,  20,  21,  53,  54,  243,  373 
Pupipara,  273,  274,  473 
Larviparous,  452 
Proboscides  of,  452,  473 
Purdah  Patients  ;  Nursing,  267 
Purgative  Enemata,  254,  255 
Purgatives,  20,  34,  244 
Purging  Nuts,  777 
Purification  of 
Sullage,  123 

Chemical,  124,  126 
Water,  32,  95,  110 
Purulent  Exudate,  564-5 
Pus,  Isolation  from,  of  Pneumococci,  600 
in  Urine,  580 

Detection,  582,  584 
Pustules,  264 

Putrefaction  of  Carcasses  ;  Preventive 
Methods,  438 
Putrescin,  22 
Puttees,  16,  30,  190,  470 
Putti,  776 

Pyaemia,  Brain  Exudate  in,  614 

General  Portal,  Multiple  Liver  Abscesses  in, 
609 

Post-mortem  Indications,  607,  609,  614 
Pycnosoma  putorium  ;  Parasites,  431 
Pyelitis,  Bilharzial,  608 
Pygiopsylla,  484 
ahalae,  481 

Pyjamas  for  Children,  16 
Patients’  ;  Changing,  243 
Pyloric  Obstruction,  Indication  of,  571 
Pylorus  ;  Post-mortem  Examination,  609 
Pyogenic  Organisms 
Investigation  of,  from 

Boils,  Veldt  Sores,  &c.,  591,  606 
Ear,  569 
Eye,  569 
Mouth,  568 

Pyorrhoea  alveolaris,  19,  20,  568 


Pyrethrum  Powder  as  Insecticide,  33,  191, 
194,  207,  209,  374,  485,  494 
Pyretophorus  (Anophelini),  346 
chciudoyei,  355 
Pyrexia,  Tropical,  6 

X.  Bodies  in,  in  Spain,  546-7 
Pyronin  in  Stain  for  Gonococcus,  527 
Pythons,  see  also  Boidae 
Swallowing  Process,  739 
Symbolism  of,  719 


QUARTERS  of  Native  Servants,  Care  and 
Inspection  of,  35,  58,  59 
Quebracho  Bark  Alkaloids,  Reaction  of,  com¬ 
pared  with  that  of  Strychnin,  854 
Quick-Lime,  in  Instrument  Cupboard,  269 
Sanitary  and  Purifying  Uses,  111,  219,  235, 
438 

Quinine  Ingestion,  Leucocytosis,  Polymor¬ 
phonuclear,  after,  543 
Prophylaxis,  33,  34 


RABELAIS  I A  PIIILIPPINENSIS,  773 
Rabbits  ;  Average  Rectal  Temperature,  534 
Blood  and  Serum  as  used  in 

Noguchi’s  Spironema  Media,  519 
Wassermann  Test,  555-6 
Rabic  Material,  Fletcher’s  Method  of  Examin¬ 
ing,  602 

Racial  Acclimatization,  1,  7 

Customs  and  Caste  Influence  as  affecting 
Illness,  Diet,  and  Treatment,  247, 
265,  267,  718 
Deterioration,  8 
Ragi,  76 

Rail,  Poisonous  Varieties,  797 
Railway  Trains,  Defaecation  Arrangements  on, 
141 

Rain  Exclusion  Methods,  62 
Rainfall,  Estimation  of,  as  Source  of  Water 
Supply,  93-4 
Rain-Gauge,  94 
Rain-Proof  Garments,  16-17 
Roofs,  56 
Rain  Water,  93 
Classification,  97 
Collection,  100 
Purification,  110 
for  Stains,  529 
Storage,  100 
Stored,  97 

Rain-water  Separator,  Roberts’s,  100 
Rains,  Season  of,  Effects  on  Clothes,  &c., 
268 

Raj  Samp,  see  Bungarus  fasciatus 
Ramcia,  325 
Larvae,  326 

Ranatra,  Inimical  to  Mosquitoes,  341 
Rangoon  Beans,  Red,  786 
Ranunculaceae,  Arrow  and  other  Poisons  from, 
765,  767,  769,  773,  845 
Rapau  de  mer,  795 
Raphia  vinifera,  85 
Rascacio,  795 

Rascane  vingt-quatre  heures,  795 
Rasahus  biguttatus  ;  Bite,  322 
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Rashes  after  Anti-Variolous  Vaccination,  68 
to  be  Noted  at  Post-mortems,  606 
Teething ;  Treatment,  263 
Raskin’s  Method  for  Staining  B.  diphtherias, 
528 

Rat  Fleas,  Species  and  Distribution,  481  sqq. 
Plague-Transmitting,  481,  482,  483,  485 
Holes,  194 

Poisons  ;  Emergency  Treatment,  270 
Phosphorus  in,  816 
Snakes,  see  Zamenis 
Rat(s) 

Action  on,  of  Cobra  Venom,  725 
Blood,  Ivurloff’s  Bodies  in,  547 
Exclusion,  40,  194 
Field,  718 

Inoculated  with  Suspected  Trypanosome 
Material  :  Blood  from  Tail  for 
Examination,  534 
and  Mice  ;  Destruction,  228 
Naturally  Infected  with  Plague ;  Post¬ 
mortem  Appearance,  597 
Plague  Transmission  by,  189 
Refuse  as  Food  for,  181 
Triatoma  of,  322 

Trypanosomiasis  of,  Flea-Transmitted,  485 
Ratsbane,  777 

Rattle  Snakes,  see  Crotalinae,  Crotalus,  and 
Sistrurus 

Raw  and  Cooked  Meats,  Effects  on,  of  Cold 
Storage,  87 

Meat  Eating  in  relation  to  Internal  Myiasis, 
446 

Meat  Juice,  248,  262 
Sugar  Itch,  192 
Rays,  see  also  Solar  Rays 
Poisonous  Fish,  797 
Rayet,  92 

Razors  ;  Disinfection,  235 
Realgar,  808 
Receptacles  for 
Latrines,  142  sqq. 

Cleansing,  147 
Refuse 

Camp,  181 
Domestic,  182 
Urban,  181 

Rectal  Temperature,  Normal,  249 
of  Laboratory  Animals 
Average,  534 

Mode  of  Ascertaining,  534 
Normal,  667 

Rectified  Spirit,  for  Killing  and  Keeping 
Insects,  494 

Rectum  ;  Bilharzial  Ulcers,  608 
Polypoid  Bilharzial  Tumours,  612 
Post-mortem  Examination,  608,  612 
Red  Arsenic,  808 

Asphalt  Shingle  Roofing,  42 
Basil,  81 

Blood  Cells,  see  Erythrocytes 
Gram,  77 

Rangoon  Beans,  786 
Stains,  524 
Vetch,  782 

Red-Yellow  Solar  Rays,  7 
Reduviidae,  273,  310,  311,  318 
Pathogenicity,  309,  319 
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Reduviidae,  coni. 

Predaceous  on  Harmful  Insects,  318,  319 
Species 

Important  to  Man,  319, 322 
personatus ;  Bite,  322 
Reduction  of  Nitrates,  522,  533 
Refrigerating  Apparatus,  Central,  54 
Refrigeration  Methods,  54,  86  sqq.,  26 . 

Refuse  Collection,  181 
Destructors,  187,  188 
Disposal,  184  sqq. 

Removal,  182 
Reinforced  Concrete,  37 
Re-Inoculation  against  Typhoid,  647 
Reinsch  Test  for  Metallic  Poisons,  799,  802r 
803,  804,  808,  815,  816,  825,  826^ 
829,  831 

Indispensable  in  Tropical  Poisoning  Cases., 
804 

Relapsing  Fevers 

African,  61,  191,  274,  298,  309 
Causal  Organisms,  191,  279,  298 
Icteroid  Pigmentation,  605 
Insect  Vectors,  Actual  and  Suspect,  61,  191, 
274,  277,  279,  286,  298,  299,  309, 
317 

Non-African,  Virus  conveyed  by  P.  hurna - 
nus,  298,  299 

Post-mortem  Traces,  605,  607 
Spirochaetal,  Leucocytosis,  Polymorpho¬ 
nuclear,  in,  543 
Splenomegaly  of,  607 
Wassermann  Reaction  in,  560 
Remains  of  Last  Meal  in  Poison  Case,  Collec¬ 
tion  and  Examination  of,  799, 
801,  804 

Remedial  x\gents,  253  sqq. 

Remedies,  Domestic  for  Infants,  Warning  on, 
264,  265 

Renal  Calculi  (Post-mortem),  608 

Disease,  Indications  of,  in  Pathological 
Fluids,  564 

Epithelial  Casts,  in  Urine,  586 
Cells,  584 

Irritation,  Climatic,  6 
Rennin  in  Gastric  Contents,  571 
Tests,  572 

Renaux  and  Wilmer’s  Method  for  Staining  of 
Leptospira  icterohasmorrhagiae,  528 
Rennet,  248,  249 

Reports  of  Nurses,  243,  252-3,  254 
Reptiles,  Vermin,  189 

Glossina  Feeding  on,  63,  465,  469 
Ticks  Infesting,  284,  287 
Reptilia,  Four  Surviving  Orders,  683 
Reserve  Fangs  of  Poisonous  Snakes,  686 
Reservoirs 

Impounding,  95,  101 
Service,  102 
Storage,  101,  102 
Town  Water-Supplies,  108 
Residual  Metallic  Poisons,  see  under  Poisons 
Resins  and  Resinous  Fragments  in  Suspected 
Poisoning,  804,  837,  844 
Resorcin,  in  Staining  Methods,  619 
Respiration,  Artificial,  in  Poisoning  Cases,  270 
Clinical  Observations,  250 
Nurses’  Record,  and  Taking,  244,  250 

j 
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Respiratory  Exchange,  Effect  on,  of  Climate,  3 
Rest,  20,  21 

Rest-Houses,  Ticks  Infesting,  191,  274,  279 
Reticulation  Irrigation,  127 
Rhesus  Monkey ;  Average  Rectal  Tempera¬ 
ture,  534 

Rheumatic  Fever ;  Vaccine  Treatment,  G46 
Rhinhoplocephalus,  715 
Habitat,  692 
Rhipicentor,  281 
Rhipicephalus,  281,  286,  287 

Association  with  Disease,  28G,  288 

Identification,  289,  290 

Species 

appendiculatus,  286,  288 
bursa,  286,  288 
evertsi,  283,  286,  288 
sanguineus,  286,  288 
simus,  288 
Rhiptoglossa,  683 
Rhizoglyphus  parasiticus,  272 
Rhodesian  Cattle  Fever,  Tick-Caused,  286 
Rhodinus  prolixus  ;  Bite,  323 
Rhubarb  (Drug),  34 
Rhythm  in  Marching,  18 
Rhynchelaps,  715 
Habitat,  692,  715 

Rhynchoidomonas  lucilix  in  Flies,  431 
Rhynchota,  273,  308 
Rice,  77,  78,  262 

Rice  Fields,  Earth  from  Trench  Ground  for, 
167 

Houses  Not  to  be  Near,  37 
Irrigation,  and  Malaria,  390,  406 
Ground,  for  Porridge,  247 
Sticks,  77 
Water,  245 

Rice-Water  Stools  in  Cholera,  611 
Rice  Wine,  Japanese,  85 
Ricin,  764,  788 
Test,  843 

Ricin  Method  of  Isolating  Microfilariae  and 
Trypanosomes,  599 
Ricinus  communis,  777,  787 
Seeds,  777 

Rickets,  82,  263,  264 

Leucocytosis,  Polymorphonuclear,  in,  543 
Riding,  17 
Rif,  805 

Rigler’s  Method  for  Estimation  of  Alkalinity 
of  Blood,  536 

Rigor  Mortis  ;  Onset  and  Duration,  605 
Rigors,  Nurses’  Record  of,  245 
Rinderpest,  and  GZossma-reduction,  465-6 
Ring  hals  Slang,  see  Sepedon  hsemachates 
Ringer’s  Solution,  519 
Ringworm ;  Treatment,  256 
River  Banks  ;  Pollution,  36,  98 

Unsuitable  as  Sites  for  European  Houses, 
36 

River  Jack  Viper,  see  Bitis  gabonica 
River  Water,  93,  95 
Classification,  97 
Collection,  102,  602 
Pollution,  95,  97,  98,  102,  603 
Self-Purification,  95-6 
Storage,  102,  103,  see  also  Reservoirs 
Rivers,  Malaria  associated  with,  390,  404 


Rivers  Pollution  Commissioners’  Table  of 
Classification  of  Waters,  97,  98 

Rizga,  80 

Roadway,  Dry  Manure  for,  196 
Roberts’s  Rainwater  Separator,  100 
Robertson’s  Method  of  Transfusion  of  Blood, 
654 

Robin,  764,  788 
Rock  Fish,  Poisoning  by,  793 
Rockefeller  Institute,  U.S.A.,  Work  of,  on  the 
Pneumococcus,  600,  601 
Rocky  Mountain  Spotted  Fever 
Icteroid  Pigmentation  in,  605 
Incidence,  274,  286 
Insect  Vector,  274,  281,  285,  289 
Liver  in,  610 
Lungs  in,  613 

Petechial  Haemorrhages  in,  605 
Post-mortem  Indications,  605,  610,  613 
Rogo,  80 
Rohu,  75 

Roller-Towel  Method  of  Using  Fly-Poison,  207 
Romanowsky  Stained  Preparations 
Fading,  529 

Prevention,  533 

Romanowsky’s  Stain  and  Modifications,  529, 
538,  539 

for  Trypanosomes,  599 
Roof  Collection  of  Water,  100 
Roofs,  Roofing  Material,  &c. 

Anti- Variolous  Vaccine  Establishment,  663 
for  Horse  Manure  Drying  Platform,  196 
House  and  Hut,  37,  38,  40,  60,  61 
Colour  for,  42,  53 
Cooling,  666 
Domed,  61 
Double,  40,  45,  46 
Exclusion  from,  of  Bats,  189 
Flat,  37,  42,  61 
Guttering,  45 
Substitute,  56 

Heat  Radiation  from,  42,  47 
Iron,  37,  41 
Pent,  37,  42 
Pitches  of,  40,  41,  42 
Ridge  Ventilation,  62 
Stoney’s,  42 
Storm  Boards,  45 
Thatch,  37,  40,  41,  60,  61,  62 
Veranda,  45,  46 
Watertight,  42,  45 
Wooden,  41 

Latrine,  132,  143,  149,  158 
Rooms 

Closed,  in  Tropics,  Flea-Multiplication  in, 
485 

Darkened,  against  Flies,  206 
Fumigation  of,  221 
Height  and  Size,  47 
Isolation,  241 
Mosquito,  242 
Mosquito-Proof,  21,  54,  58 
Screening,  54,  58,  206,  408 
Shading,  46 
Root  Blower,  223 
Roots  and  Tubers,  Edible,  79-80 
Rose  Measles,  Leucocytosis,  Polymorpho¬ 
nuclear,  Absent  from,  543 
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Rosin,  216 

Rosolic  Acid,  as  Indicator,  503,  514 
Paper,  505 
Rotheln,  543 

Rothschild's  Table  for  Identification  of 
Genera  of  Fleas,  483-4 
Rough-Casting  of  Outside  Walls,  40 
Rounded  Angles  of  Walls,  and  Floors,  120,  149 
Roussin’s  Crystals,  Test  for  Nicotine,  850 
Roux  Bottles,  637,  638,  641,  645,  649 
Row’s  Haemoglobinized  Saline  Culture 
Medium,  513 
Rub-Down,  Dry.  34 
Rubber,  see  also  India-Rubber 

Canvas  Receptacles  for  Water,  103 
Caps  for  Culture  Media,  553 
Gloves,  251,  255 
Care  of,  269 

Preserving  Solutions,  501 
Tooth-Stopping,  34 
Tube,  Oesophageal,  270,  571 
Tubing,  501 

Rubber  Growing  on  Reclaimed  Tidal  Land, 
391 

Rubbing-in  of  Liniments,  Oils,  and  Oint¬ 
ments,  256 

Rubner’s  Table  of  Absorptive  Powers  of 
Different  Coloured  Clothing  Mate¬ 
rial,  15 

Rubreserin,  854,  855 
Ruins,  Vermin  in,  194 
Russell’s  Viper,  see  Vipera  russellii 
Russian  Pit,  for  Disinfestation,  302-6 
Rat  Flea,  482 

Rust  of  Surgical  Instruments ;  Prevention,  269 
Rutaceae,  773 

Rye  Grass,  on  Trenching  Grounds,  167 


S ABET IIES,  365 
Sabethini,  328,  339,  344,  365 
Sabouraud’s  Glucose  Culture  Medium,  516, 590 
Maltose  Culture  Medium,  516,  589,  590 
Saccharum  officinarum,  84 
Sacks  for  Transport  of  Horse  Manure,  196 
Saffron,  Mistaken  for  Yellow  Arsenic,  807 
Safranin  Stain,  618 
Babes’  Aniline,  533 
Basic,  524 
Substitute,  533 
Safrol,  207 
Sag,  81 
Sago,  77,  262 
Sago  Palms,  77 
St.  Augustine  Grass,  59 
St.  Ignatius  Bean,  788 

in  Poisoning  Cases  ;  Microscopical  Tests, 
799,  813 

St.  Paul  and  the  Viper,  726 
Saki,  85 

Sakias,  102,  106 
Saigas,  178 

Sal-ammoniac  in  Cattle-Poisoning,  805 
Salicin,  853 

Salicylates,  Injection  of,  Leucocytosis  after, 
543 


Salicylic  Acid,  in  Poisoning  Cases,  847 
Saline  Solution  Enemata,  254,  256 

Hot,  in  Emergency  Poisoning  Treatment, 
270 

Natural  within  the  Bodv,  256 
Saliva,  Poisonous,  of  Aglypha,  684 
Sallow  Colour,  Diseases  in  which  Present, 
605 

Salmon,  72 
Canned,  72 
Indian,  73 

Salol,  Dosage  for  Teething  Infants,  263 
Salonica  Pattern  Mosquito-Net  for  Tents, 
28,  29 

Salt  Agar,  for  Culture  of  B.  pestis ,  597 
Salt  and  Alum  ;  Larvicidal  Use,  400 

Common,  and  Water,  in  Emergency  Treat¬ 
ment  of  Poisoning  by  Silver  Salts, 
270 

and  Wood  Ash  Anti-Leech  Powder,  190 
Salt  Water,  Mosquitoes  Breeding  in,  341 
Salt  Water  Fish,  Edible  kinds,  72  sqq. 

Salted  Foods,  How  long  Eatable  if  Kept  in 
Ice-Chest,  89 

Salting  of  Meat  and  Fish,  90 
Salts  Coloured  in  Poisoning  Cases,  Tests  for, 
799,  806 
in  Water,  98,  341 
Salves  for  Blistered  Feet,  18 
Salvinia,  360 
Sanbilang,  796 
Sand,  201 

and  Alum  Filters,  214 
Bricks,  37 

or  White  Wood  Ash  for  Cleaning  Greasy 
Surfaces  in  Camp  Kitchens,  67 
Sand-Flies  ( see  also  Culicoides  molestus ,  Phle- 
botomus,  Simuliidaj),  273 
Breeding-Places;  Flaming,  214 
Nets  to  Exclude,  21,  27 
Repellants,  34 
Sandhoppers,  271 

Sand  Storms,  Protection  against,  of 
Eyes,  3  4 
Skin,  15 

Sanitary  Apartments  ;  Construction,  53 
Authorities 

Anti-Malarial  Work  of,  408-9 
Legal  Powers  required  for,  408 
Bin,  181 

Habits,  Training  in,  of  Children,  263 
Sanitas,  242,  604 
Sanitas-Okol,  35 
Sanitation 

Minor  Tropical,  1,  35 
Disinfection,  221  sqq. 

Disposal  of  the  Dead,  235  sqq . 

Excreta  and  Refuse,  Collection,  Removal 
and  Disposal,  128  sqq. 

Food,  67  sqq. 

Tropical  Food  Stuffs,  68  sqq. 
Habitations  and  their  Annexes,  36  sqq. 
Prevention  and  Destruction  of  Vermin, 
189  sqq. 

Water,  92  sqq. 

Aerated  Water  Factories,  120  sqq. 

Ice  Factories,  122 
Sullage,  122  sqq. 
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Sanitation,  cont. 

Native  Habits  in  relation  to  ( see  also 
Latrines),  35,  59-60 
Tropical,  Scope  of,  7  sqq. 

Sanki,  779 
Santonin,  846 

Sanyis,  Snake  Charmers,  718 
Sapindaceae,  770,  773 
Saponin  Glucosides 

in  Sui  Needles,  815,  837 
Tests  for,  837,  843,  846 
Saponins,  Indications  of,  846 
Sarcina  aurantiaca  ;  Fly-Host,  429 
lutea,  in  Vaccine  Emulsion,  675 
Sarcoma 

Indications  of,  in  Pathological  Fluids,  564 
Melanotic,  Pigment  in,  620 
Sarcophaga 

Association  with  Disease,  420 
Parasites  Carried  by,  429,  430,  431,  432 
Larval  Habits,  439,  440 
Classification  by,  435 
Species 

carnaria,  420,  429,  430,  439 
hsemorrhoidalis,  432 
murus,  432 
sarraceniae,  431,  440 
Sarcopliagidse,  274,  445,  449 
Larval  Habits,  439 
Classification  by,  435 
Sarcoptes  scabei,  272,  588 
Sarcoptidae,  272,  275 
Sarcopsyllidae,  480,  482,  486 
Classification,  483 
Dermatophi basis  due  to,  485,  486 
Species  Important  to  Man 
Known,  481,  487 
Possible,  482 

Sardinella  stolifera,  73,  74  (ill.) 

Sardines,  73,  74 
Sartorius  Balance,  751 

Sassafras  Oil,  in  Pomades,  &c.,  Anti -Louse, 
299,  300 

Sassy,  Arrow-Poison,  773 
Saturated  Bromine  Water,  DestroyingVenom, 
739 

Saturation  Test  in  Differential  Diagnosis,  550 
Savanna  Flowers,  789 
Sawdust,  in  Trough  Urinals,  152 
Saw  Scaled  Viper,  see  Echis  carinatus 
Scabies  ;  Causal  Insect,  272,  588 
Scalding,  &c.,  Hoarseness  due  to,  250 
Scale  Characters  of  Ophidia,  687  sqq. 

Scale  Insects,  273,  309 
Scaling  of  Teeth,  19 

Scalp  Pediculosis,  Enlarged  Cervical  Glands 
in,  606 
Scaridse,  792 
Scarlet  Fever 

Membrane-Taking,  252 
Transmission  by  Flies  (suspected),  431 
Treatment  by  Serotherapy,  632 
Scarus  vetula,  Poisoning  by,  792 
Scatophaga  lutaria,  Parasite  of,  432 
Schaudinn’s  Fixative  Fluid,  523,  532,  604,  616 
Scheme  for  Examination  of  Poisoning  Cases, 
Outline  of,  799 

Scherer’s  Spotting  Test  for  Phosphorus,  816 


Schick  Test,  Prophylactic  use  of  Anti-Diph¬ 
theria  Serum  in  Conjunction  with, 
629 

Schilbe,  75 
mystus ,  75 

Schistosoma,  Schistosomes,  or  Bilharzia 
and  Ova,  Where  Found  Post-mortem,  608, 

609,  610,  612 

Species 

haematobium  and  Ova,  in 
Liver,  610 
Urine,  587 

japonicum,  and  Ova,  in  Liver,  610 
mansoni,  and  Ova,  in  Large  Intestine  and 
Colon,  612 
Ova,  in  Flies,  431 
in  Water,  93,  95,  98 
Snail  Hosts,  93,  95 
Schistosomiasis 

Complement  Fixation  Test  for  (Fairley’s) 
562 

Disinfection,  212 
Eosinophilia  in,  543 
Infection,  by  Water,  93,  95,  98 

Water  Sterilization  against,  by  Sod. 
Sulph.,  31 

Post-mortem  Indications,  607,  608,  609, 

610,  612 

Rectal  Ulcers  due  to,  608 
Spleen  in,  607 
Stomach  in,  609 
Intestinal 

Conditions  due  to,  612 
Stools,  Blood  in,  574 
Vesical 

Bladder  Conditions  in,  608 
Kidneys  in,  608 
Wassermann  Test  in,  554 
Schmidt- Werner  Tubes,  575 
Schnappers,  73 
Schuffner’s  Dots,  546 
Scilla  Root,  Action  of,  778 
Scillin,  778 

Scissors,  Barbers’  ;  Disinfection,  235 
Sclavo’s  Anti-Anthrax  Serum,  632 
Scolopendridae,  189 
Scomberomorus  cavalla 
Edible,  73 

Poisoning  by,  793 
maculatus,  73 
regalis,  793 
Scombridse,  Edible,  73 
Scopolamin  in  Poisoning  Cases 

Separation  of,  and  Tests  for,  837,  851,  852 
Scopoletin  in  Poisoning  Cases,  Indications  of, 
in  Tests,  846,  853,  854 
Scopolia,  Poison  from,  837,  854 
japonica,  854 

Scorpsena,  Poisonous  Species 
brasiliensis,  795 
diabolus,  795 
grandicornis,  794,  795 
plumeri,  795 

Scorpenidae,  Poisonous  Species,  794,  795 

Scorpion  Fish,  795 

Scorpion 

Sting,  271,  757 

Potassium  Permanganate  for,  34 
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Scorpion,  cont. 

Venom  in  Arrow-Poison,  769 
Scorpionida,  271 
Scorpions,  189 

Precautions  against,  31,  190 
Water,  309,  see  also  Nepidae 
Screening,  Anti-Insect,  of  Houses,  Hospitals, 
Sheds,  Cisterns,  &c.,  46,  54  sqq., 
58,  63,  101,  206,  268,  373,  401, 
408 

of  Garbage  Sheds,  434 
of  Incinerator  Sorting-Places,  187 
Screw-Worm  Fly,  see  Cordylobia  anthropophaga 
Scroggie’s  Fly-Proof  Latrine  Seat,  144 
Scrofulous  Kidney,  608 
Scrotal  Elephantiasis,  605,  608 
Scrotum  ;  Post-mortem  Examination,  608 
Scurvy,  Kaffir  Beer  Prophylactic  for,  86 
Sea,  the,  Disposal  in,  of 
Excreta,  135,  141,  166 
Refuse,  184 
Sea-Bass,  73 

Sea  Birds,  Nests,  &c.,  of  ;  Ticks  Infesting 
which  Attack  Man,  275,  284 
Sea  Coast,  Houses  on,  53 
Sea  Snakes,  see  Enhydrina,  Enhydris,  and 
Hvdrophinse 

Sea  Voyages,  for  Dysentery-Convalescents, 
266 

Sea-Water,  Distilled,  for  Town-Supply,  97 
Seal’s  Latrine  Pail,  156 
Secret  Nailing,  for  Floors,  47 
Sections 

Preparation,  615  sqq. 

Staining,  617 
Sedimentation 

of  B.  tuberculosis  in  Sputum,  570 
Natural,  in  Rivers,  95 
of  Sullage,  124,  125 
for  Water  Purification,  115 
Seed  Ticks  (larvae),  284 
Identification,  289 
Seed  Vaccine  ;  Preparation,  682 
Seeds  in  Poisoning  Cases,  Microscopical 
Search  for,  799,  802  sqq.,  811,  812, 
813,  815 
Seidlitz  Powders,  34 
Seir-Fish,  73,  74 
Self  Control  in  the  Tropics,  26 
Semecarpus  Anacardium  ( see  also  Marking 
Nut  Oil),  in  Poisoning  Cases  ; 
Tests,  807,  843 

Seminal  Stains  ;  Examination,  587 

Vesicles  ;  Post-mortem  Examination,  608 
Semna  Oil,  71 
Sepedon,  701,  703 
Habitat,  692 

Species  :  hxmachates,  703 
Septic  Abscess  of  Lung ;  Indications  in 
Sputum,  251 

Inflammatorv  Conditions,  Leucocytosis  in, 
542-3 

Glycogen  Reaction  Advisable,  543 
Tank  System  of  Sewage  Disposal,  176 
Home  Form,  177 

Throat  Conditions,  Non-Diphtheritic,  Anti- 
Diphtheritic  Serum  for,  624 
Wounds,  Vaccine  Treatment  .for,  616 


Septrc8emia(s)  Complement  lacking  in,  624 
Fly-Spread,  432 

Post-mortem  Spleen  Cultures  Necessary, 
607 

Treatment  by  Vaccine,  646 
Streptococcal,  Treatment  by  Serotherapy, 

631 

Sera,  623  sqq. 

Diseases  for  which  Employed,  623,  626 
Production,  625 
Storage,  625 
Anti-Bacterial,  623,  830 
Action,  624 

Diseases  in  which  used,  623,  626  sqq.,  630 
Anti-Diphtheritic,  624 
Dosage,  628 
Anti-Dysenteric,  625 
Monovalent,  629 
Polyvalent,  629 
Anti-Tetanic,  626 

Diseases  in  which  Employed,  623,  625, 
629  sqq. 

Dosage,  627,  628 
Methods  of  Administration,  627 
for  Poisoned  Arrow  Wounds,  770 
Preparation,  625 
Prophylactic  Use,  624,  626,  627 
Antitoxic ;  Action,  624 

Diseases  in  which  Used,  625,  626 
Keeping  Qualities,  625,  626 
Leucocytosis  after  Injections,  543 
Preparation,  625 

Antitoxic  and  Antibacterial,  623,  625,  629 
Auto-Sera,  632 

of  Convalescents,  Diseases  in  which  Used, 

632 

Meningococcal,  623,  625,  626,  630,  631 
Normal,  for  Treatment  of  Haemorrhage, 
632 

Horse,  Dried  Powder  from,  for  the  same, 
632 

Pneumococcal,  623,  625,  630 
Dosage,  631 
Preparation,  631 
Sera  and  Vaccines,  623  sqq. 

Serbian  Barrel,  for  Disinfestation,  216,  301 
Seriola  dorsalis,  73  n. 

Serological  Diagnosis  of  • 

Cholera,  595 
Dysentery,  594 
Meningitis,  596 
Plague,  597 

Typhoid  and  Paratyphoid  Fevers,  592,  593 
Undul  ant  Fever,  595 
Serotherapy,  Anaphylaxis  in,  632  sqq. 

for  Snake-Bite  ( see  also  Antivenene),  731 

760 

Sero-Vaccines,  Diseases  in  which  Employed 
636 

Gibson’s  for  Bacillary  Dysentery,  637,  649 
Shiga’s,  637 
Seroots,  410 
Serranidae,  73,  75 
Serromyia,  380 

Serum  Agar  Telluric  Acid  Culture  Medium, 
516 

Serum  Agglutination  of 
B.  dysenteric ,  594 
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Serum  Agglutination  of,  cont. 

B.  paratyphosus  A  and  B,  593 
.  B.  pestis,  597 
B.  proteus  X19,  600 
B.  typhosus,  592 
Meningococci,  596 
Micrococcus  melitensis,  595 
Pneumococci,  for  Determination  of  Types 
601 

V.  choleric,  for  Detection  of  Carriers,  595 
Serum  Institute,  Genoa,  632 
Prophylaxis  ;  Definition,  623 
Sickness,  634-5 
Therapy  Definition,  623 
Servants,  see  Native  Servants 
Sesame  Oil,  81 

Sesamum  indicum,  Oil  from,  81 
Sewage,  see  also  Excreta 

Disinfection  (see  also  Latrines),  220 
Disposal,  by  Water,  122 
Systems,  433 

Sewage-Treated  Vegetables,  Infection  from,  81 
Shad-Fish,  73 

Shade  Provision  in,  and  by,  Verandas,  46 
in  relation  to  Mosquitoes,  337,  338,  390, 
393,  401 
Larvicidal,  399 
Shading  of 
Latrines,  143 
Windows,  47,  53,  56,  206 
Shadoofs,  102 
Shadow  Cells,  538 
Shaft  for 

Excreta-Disposal,  130 
House -Ventilation,  39 

Shaker,  Mechanical,  for  Bacterial  Emulsions, 
621,  644 

Shallow  Cess-Pits,  129,  130 
Defaecation  Trenches,  129,  133 
Soil  Pan,  155 
Wells,  Protection,  106 
Pollution,  98,  106,  109 
Water  of;  Classification,  97,  98 
Shamadans,  53 

Sharp’s  Method  of  Purifying  Ablution  Water, 
123-4,  126 

Shaving-Brushes  ;  Disinfection,  235 
Shaving-Mugs  ;  Disinfection,  235 
Shea  Butter,  81 

Shed,  Mosquito-Proof,  enclosing  House,  56 
Sheep  ;  Average  Rectal  Temperature,  534 
Diseases,  Tick-Spread 
Carceag,  286 
Heart  Water,  288,  289 
Louping  Ill,  284,  289 

Insect  Pests,  284,  286,  289,  419,  439,  468 
Milk,  see  Ewe’s 
Sheep  Bot 

Facial  Myiasis  due  to,  439 
Larval  Haunt  of,  439 
Dogs  ;  Facial  Myiasis,  439 
Maggot -Flies,  420 
Ticks,  275,  284,  286,  287-8,  289 
Sheets,  Draw,  242 

Preservation  of,  and  Washing,  269 
Waterproof,  242 
Shellac  Insects,  309,  310 
Shell-Fish,  75 


Sherry,  in  Whey,  249 

Shelves,  &c.,  for  Food,  Non-absorptive 
Material  for,  or  Covering  on,  89 
Shepherds,  Kabyle,  Myiases  of,  439 
Shesh  Nag,  725 

Shiga’s  Antitoxic  and  Antibacterial  Serum  for 
Bacillary  Dysentery,  625 
Sero-Vaccine  Process  for  Bacillary  Dvsen- 
tery,  637 
Shilbaya,  75 
Ship  Latrines,  141 
Ships,  Ants  on,  193 

Bug-Infested  ;  Treatment,  317,  318 
Cargoes  hindering  Free  Fumigation,  224 
Fumigation  of,  against  Vermin,  194,  207, 
224,  228-9,  230,  231,  317,  318 
Screening  of,  in  Yellow  Fever  Ports, 
408 

Shirts  ;  Marching,  18 
Shock,  Leucopenia,  Transient,  after,  542 
in  Snake-Bite,  757 

Shock  Cases,  for  which  Transfusion  of  Blood 
is  indicated,  661 

Without  Haemorrhage  ;  Differentiation, 661 
Shorts,  15,  18,  30 

Shuttering  of  Doors  and  Windows,  46,  47,  53, 
56 

Sick-Room,  Choice  of,  Furniture,  &c.,  241-2 
Disinfection,  221,  242 
Temperatures  for,  243 
Siddhi,  776 
Siesta,  the,  21 

Sieve  for  Sullage  Straining,  124 
Sikimin,  in  Poisoning  Cases  ;  Separation  and 
Extraction,  837,  844 
Siluridae,  75 
Silver  Fish,  273 

Silver-Salts,  Poisoning  by  ;  Emergency  Treat¬ 
ment,  270 
Sim-sim  Oil,  81 
Simulia,  381 

Simuliidae,  189,  194,  273,  325,  381 
Association  with  Disease,  387 
Bionomics,  386 
Breeding-Places,  195,  386 
Life  History,  384  sqq. 

Prophylaxis,  387 
References,  388 
Structure 

External,  383 
Internal,  384 
Simulium,  376,  381 

Collection  and  Preservation,  490,  491 
Haunts,  490 
Natural  Enemies,  387-8 
Species  Biting  Man,  381 
amazonicum ,  383,  386 
argyreatum,  381 
columbaczense,  381,  382 
damnosum,  382 
equinum ,  381,  387 
forbesi,  386 
griseicollis,  195,  382 
luematopotum,  383 
hirtipes,  381,  382,  386 
indicum,  382 
jenningsi,  382 
joliannseni,  382,  386 
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Simulium ,  cont. 

Species,  cont. 
latipes ,  38G 
maculatum ,  381 
meridionale,  382,  383 
morsitans,  381 
occidentale,  383 
ornatum ,  386,  387 
quadrivittatum ,  383 
replans ,  381,  386, 
sanguineum,  383 
tuberosum,  381 
venustum,  382 
vittatum,  382,  383,  386,  387 
wellmanni ,  382 
Singin  Janascha,  81 
Siphon,  Felt-Covered,  31 
Siphonaptera,  274,  474 
Sirdab,  the  60 
Sistrurus,  708,  711 

Characters,  685,  690,  708 
Habitat,  690,  693 
Species 

catenatus,  712 
miliarus,  711 
ravus,  712 

Sitatunga,  Host  of  G.  palpalis,  469 
Sites  for  European  Houses  in  the  Tropics, 
36.  38 

Skate,  74 
Skatol,  574 
Sketofax,  33 
Skin  Colour 

in  relation  to  Heat  and  Humidity,  6 
due  to  Louse-Bites,  290 
Post-mortem,  605 
Diseases,  see  also  Dermatites 
Eosinophilia  in,  543 
Parasitic,  269 

Investigation,  588  sqq. 

Treatment  by  Vaccine,  646 
Eruptions,  Common,  of  Natives,  606 
Diseases  associated  with,  606 
Infantile,  264 

Injuries,  Anti-Tetanus  Prophylaxis  for, 
626-7 

Parasites 

Animal,  191,  272,  588 
Bacterial,  591 
Fungal,  588  sqq. 

Protozoal  ( see  also  Leishmania),  588 
Pathological  Action  on,  of  Tropical  Light,  6 
Protection  as  to  Bed-Pans,  252 
on  March,  &c.,  18 
of  Patient,  256 

of  Post-mortem  Operator,  604 
of  Sick-Nurse,  252 

Punctures  in,  Fly-Larvae  Sucking  Blood 
through,  435,  446 

Reaction  ;  White  and  Brown  to  Tropical 
Sunlight,  2 

Temperature,  Normal,  249 
Skin  Receptacles,  for  Drawing  Water,  pro¬ 
hibition  of,  105 
Skirting  Boards,  40 
Skull,  Infants’,  Points  to  Heed,  264 
Slaked  Lime,  219 
Slates  for  Roofing,  42,  56 


Sleep',  20 

Conditions  Hindering,  41 
Disturbed,  of  Children,  264 
Nurses’  Record  of,  244 
Sleeping  Bags,  190 

on  Flat  Roofs,  Protection  for,  42 
Garments  for  Children,  16 
on  the  Ground,  190,  191 
Patients,  Not  to  be  Disturbed,  244,  254 
Sleeping  Sickness 

Glossina  as  Vector,  449,  460,  469,  470 
Prophylaxis,  30,  471 

Trypanosomes  Causing  {see  also  Trypano¬ 
somes),  449 

Slides,  Microscopical,  499 
Sliding  Doors,  53 

or  Drawer  Petrol-Can  Fly-Proof  Latrine,  146 
Sloughing  Phagedena  ;  Diagnosis,  591 
Small  Biting  Flies,  144-5 
Smallpox 

Disinfection,  212,  217,  220,  234,  267 
Lymphocytosis,  Absolute,  in,  543 
Nursing  of,  266 

Prevalence,  in  Native  Communities,  27 
Prophylaxis 

Vaccination,  27  ;  see  also  662  sqq. 

Rash,  606 

Treatment,  266 
Red  Masks  for,  267 
Transmission  by  Flies  (suspected),  431 
Vaccine  Preparation,  see  Anti-Variolous 
Vaccine 

Smear  Preparations  ;  Making,  533 
Smegma  and  Enuresis,  263 
Smell  from  Incinerators,  Prevention  of,  176 
Smelling  Salts,  270 

Smith’s  (Lorrain)  Alkaline  Blood  Serum,  511 
Serum  Agar  Telluric  Acid  Culture  Medium, 
516 

Smocks,  Cotton,  for  Nurses,  240 
Smoke-Box  for  Latrines,  138 
Smoked  or  Tinted  Spectacles,  34 
Smoking  of  Meat  and  Fish,  90 
Smudge  Fires,  388 

Snail-Hosts  of  Schistosomes  in  Water,  93 
Snake-Bite,  see  also  under  Individual  Snakes , 
or  Genera 

Amount  of  Venom  Injected  at,  734 
Antivenene  for,  see  Antivenene 
Deaths  from,  Annually  in  India,  691,  727, 
756 

Diagnosis,  756 
Differential,  757 

Dose  of  Antivenene  Necessary  to  Save 
Life,  753,  Table,  755 
Drugs  for,  34,  739 
Mechanism  of,  731 

Muscular  Acts  Involved,  732  sqq. 

Not  always  Fatal,  727 
Prognosis,  757 
Prophylaxis,  34,  189,  761 
Symptoms,  757 
Special,  761 

Treatment,  34,  739,  740,  741,  753,  755, 
758,  759,  761 

by  Antivenene,  see  Antivenene 
by  Serum  Therapy,  731,  760 
of  Special  Symptoms,  761 
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Snake  Charmers  and  their  Art,  718  sqq. 

Cures,  722,  727 
Snake  Goddess,  Indian,  718 
Snake  Gourd,  81 
Snake-Mongoose  Fight,  726 
Snake  Root  as  Antivenene,  727 
Snake  Stones,  722,  727 
Snake  Venom,  see  Venom 
Snake  Worship,  725 
Snakes,  31 
Deafness,  723 
Exclusion,  59,  189,  761 
Destruction,  190,  726,  761 
Differentiation  from  Lizards,  683 
Digestive  Activity,  725,  739 
Feeding  of,  in  Captivity,  724 
Handling  of,  720,  721-2,  724 
Harmless,  see  also  Non-Poisonous  below 
Classification,  Key  to,  689 
Occasionally  Causing  Local  Symptoms, 
683 

Milking  of,  730 
Indian,  Sacred,  719 
Non-Poisonous 

Bites,  727,  756,  757 
Characters 

Dentition,  683,  685,  689 
Scale,  688,  689 
Classification,  Key  to,  689 
Symbolism  of,  725 
Used  by  Charmers.  719.  721 
Poisonous 

Characters,  684 
General,  685 
Special,  685  sqq. 

Dentition,  684,  685 
Scale,  687,  689 

Classification  and  Identification,  683  sqq. 
Families,  684 
Key  to,  689 

Geographical  Distribution,  691 
Table,  692-3 

Principal  Species,  691  sqq. 

Poisonous  and  Non-Poisonous  ;  Bites, 
Character  of,  756 
and  Snake-Poisoning,  683  sqq. 

References,  762 
Snoring  of 
Children,  250 
Sick  Person,  244 
Snow  Water  and  Ice,  93,  94 
Snuffling  of  Children,  264 
S02,  for  Anti-Bed-Bug  Fumigation,  317,  318 
Soak  or  Soakage  Pits  for 
Kitchen  Water,  127 
Urine,  164 

Closed,  149  sqq. 

Soakage  of  Sullage  Water,  127 
Soap-Holder  for  Cook-House,  64 
Soap  Lees,  Poisoning  by ;  Emergency  Treat¬ 
ment,  269 

Soap-and-Water  Enemata,  255,  256 
Soaps,  Choice  of,  19 
for  Enemata,  255 

Paraffin  Soft,  for  Disinfestation,  307 
Soapy  Water 
Disposal,  123 
Purification,  123  sqq. 


Soaring  Eagle,  Symbolism  of,  India,  725 
Socks,  16,  31 

Soda  Water;  Bacilli  found  in,  121 
Soda  (Sodium) 

Aluminium  Articles  Injured  by,  269 
Arsenate  of,  for  Ant-Destruction,  193 
Arsenite  of,  Sanitary  and  other  Uses,  133, 
144,  192,  197,  199 

and  Sod.  Fluoride  Solution  as  Flv- 
Poison,  434 

Bicarbonate,  in  Emergency  Treatment  of 
Poisons,  269 

Bisulphate,  for  Water-Sterilization,  116 
Carbonate 

for  Cleansing  Milk  Containers,  261 
in  Disinfection  by  Steam,  214 
in  Emergency  Poisoning  Treatment,  270 
for  Water  Purification,  115 
for  Water  Softening,  116 
Caustic,  Poisoning  by  ;  Emergency  Treat¬ 
ment,  269 

Citrate  Solution  in  Blood  Examination  for 
Trypanosomes,  599 

C-resylol  of,  for  Maggot  Destruction,  204 
Fluoride  ;  Anti-Cockroach  Use,  193 
Fly-Poisoning  by,  268,  434 
Hydrate  ;  Normal  Solution,  503 
Hydroxide  N/10  Solution,  504,  505 
Phospho-Molybdate  ;  Alkaloid  Precipitant, 
848 

Salicylate,  as  Flv  Spray  and  in  Fly-Poison, 
208,  434 

Salts  of,  Addition  of,  to  Milk,  248 
Sulphate,  in  Emergency  Treatment  for 
Poisoning,  270 
for  Water  Sterilization,  31 
in  Tablets,  34 

Taurocholate  Solution,  for  Blood  Cultures 
in  Enterica,  553,  554,  592 
Urate  of,  in  Urine,  584 

Soft  Organs,  Testing  of,  for  Poisons,  799,  816 
Softening  of  Water,  112,  116 
Softness  of  Waters,  97-8 
Soil  Filtration  of  Underground  Waters,  95, 
96,  100 

Contamination  of  Water,  99 
Drainage,  122 
Pan,  Shallow,  155 
Pollution  by  Human  Excreta,  128 
and  Sullage  Disposal,  123 
Sullage  Effluent  as  Applied  to,  127 
Soiled  Linen  in  Illness  ;  Disinfection,  242 
Soils,  for 

Cemeteries,  236 

Sites  of  European  Houses,  38 

Trenching  Grounds,  166  sqq. 

Sola  Pith  or  Cork  for  Children’s  Sun-Hats,  263 
Sola  Topi,  13 

Solanacese,  Poisonous  Species,  777,  812-13 
Mydriatic  Alkaloids  of,  837 
Tests  for,  851,  852 
Seeds,  811-13 

Examination  for,  in  Poisoning  Cases, 
802,  811,  813 
Solanidin,  846 
Solanin,  846 

Solarium  melon  gen  a,  80-1 

Seeds,  in  Poisoning  Cases,  812-13 
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Solar  Light,  Bactericidal  Action  of,  Laro- 
quette’s  Work  on,  213 

Oil,  197 

Rays 

Action  on  Water,  95,  96 
Direct,  Fatal  to  Flies’  Eggs,  196 
as  Disinfectants,  213 
Hurtful,  7 
Solaro  Fabric,  15 

Solid  Drugs,  Weights  and  Measures  for,  254 
Solids,  Examination  of,  in  Poi soning  Cases ,838 
in  Suspension  in  Waters,  95 
Solifugae,  272 
Solignuin,  192 

Soloids  of  Corrosive  Sublimate,  217 
Solution  C.,  Anti-Fly,  197,  207 
for  Spraying  Corpses,  235 
Solutions,  for  Acid  Agglutination  Test,  550 
Dilution  of,  Formula  for,  502 
Disinfectant,  216  sqq. 

Disinfestation  by,  300 
for  Preparing  Standard  Tubes  of,  Hydrogen- 
ion  Concentration,  504-5 
for  Preservation  of  Entomological  Speci¬ 
mens,  489 

Standard,  Preparation  of,  -503 
Topfer’s,  571  572 

Souma  of  Camels,  Tabanid  Suspect  as  Vector, 
419 

Sore  Eyes,  Organisms  from,  Carried  by  Flies, 
432 

Throat  ;  Causes,  123,  236 
Sore(s),  Foul,  Sloughing  or  Gangrenous  ; 
Poulticing,  257 

Oriental,  see  Leishmaniasis,  Cutaneous 
Sorghum  vulgare,  76 
When  Poisonous,  786 
Soup,  Hints  on,  89 

for  Invalids  and  Children,  247,  248,  262 
South  African  Rat  Flea,  481 
Soy  Beans,  78 
Oil  from,  81 

Steam-Cooked,  Digestibility  of,  79 
Sauce,  85 

Spaces  in  Houses,  see  Crevices,  (’racks,  &c. 

Spade  for  Digging-in  Excreta,  128 

Spanish  Vetch,  782 

Sparklet  Bottles,  32 

Special  Diseases,  Nursing  of,  265  sqq. 

Specific  Gravity  of 
Blood,  537 
Urine,  580 
Heat,  37 
Spectacles 

Goggles,  13,  34 
Neutral-Tinted,  13,  34 
.  for  Nurses,  241 

Spectroscopic  Examination  of  Urine,  581, 
582,  583 

Speed  for  Marching  Men,  18 

of  Native  African  Porters  on  March,  18 
Spencer  Wells  Artery  Forceps,  241 
Spermatic  Cord,  Post-mortem  Examination 
of,  608 

Spermatozoa  in  Urine,  Stains  for,  584 
Sphyrama,  73 

barracuda,  Poisoning  by,  790 
Spider-like  Animals,  272 


Spiders,  3  89,  190,  271-2 
Bites,  190,  272 
Enemies  of  Mosquitoes,  341 
Harvest,  272 
True,  272 

Spinach,  Indian,  81 

Spinal  Fluid  (see  also  Cerebrospinal  Fluid),  536 
Isolation  from,  of  Meningococci,  596 
Pads,  14 

Spinose  Ear  Tick,  281,  289 

Spirit  Bunsen  Burners,  for  Sterilizing,  496 

Spirochxta,  see  Spironema 

Spirochsetaceae 

Culture  Media,  519 
Staining  Methods  for,  528 
Spirochaetosis 

Avian,  Tick-Spread,  279 
Bronchial,  35 

Indications  of,  in  Sputum,  570 
Icterohaemorrhagica  (Weil’s  Disease),  see 
Jaundice,  Infectious 

Spironema 
Oral,  19 
in  Sputum,  570 

Thick  Blood  Films  for  Demonstrating  in 
Small  Numbers,  536 
in  Vincent’s  Angina,  Stain  for,  568 
Species 

duttoni,  see  recurrentis,  below 
gallinarum,  Ticks  Conveying,  277,  288 
marchouxi,  Tick  Conveying,  288 
obermeieri,  see  recurrentis ,  below 
pallidum 

Cultivation  by  Noguchi’s  Method,  519 
Isolation,  &c.,  598 
from  Mouth,  568 
Staining  Methods,  528 
Wassermann  Test  for,  560,  590 
pertenue,  in 

House-Flies,  430 
Yaws  Lesions,  590 

recurrentis  (  =  duttoni,  =  obermeieri),  Cul¬ 
ture  Medium  for,  519 
Ticks  Spreading,  191, 279,  280,  288,  298 
theileri,  288 

Spironemata,  Buccal,  568 

Concurrent  with  Fusiform  Bacilli  in 
Vincent’s  Angina,  568 
Yemen  Ulcer,  591 

Detection  by  Dark  G  round  Illumination,  497 
Spitting  Snake,  Conjunctivitis  caused  by,  703 
Spittle  Insects,  Eve  Inflammation  caused  by, 
309 

Spittoon  Cover  for  Latrine  Pails,  155 

Spittoons,  251 

Spleen 

Haemosiderin,  in  620 
Histological  Examination,  607 
Hydatid  Cysts  in,  607 
Melanin  in,  620 

Post-mortem  Examination,  606 
Puncture,  Post-mortem,  605 
Rupture,  Traumatic,  607 
Smears  from 

Post-mortem,  607 
Puzzles  in,  546,  547 
Waxv  and  Sago  Forms,  607 
Weight,  606  ' 
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Spleen  Rate,  Malarial,  Measurement  of,  389 
Splenic  Anaemia,  see  under  Anaemia(s) 
Infarcts,  606,  607 

Material  for  Culture  of  Micrococcus  meli- 
tensis,  595 
Polycythaemia,  539 
Splenocytes,  540 
Splenomegaly 

Chronic,  Treatment  by  Antimony  Tartarate 
Ointment,  256 

Diseases  in  which  Present,  546,  547,  605, 
606,  607 
Malarial,  606 

Splints,  Metal  and  Wooden,  Care  of,  269 
Sponging,  253 

Nurses’  Report,  245 
Spongio-piline,  257 
Spoons,  see  Feeding,  and  Volkmann’s 
Spores,  Staining  Methods  for,  526 
Sporotrichosis,  Cutaneous  ;  Differential  Dia¬ 
gnosis,  590 

Sports,  17 

Spotting  Tests  in  Poison  Cases,  800,  816 
Sprats,  Poisoning  by,  791 
Spraying,  Anti-Bed -Bug,  317 
Anti-Flv,  207 

Anti-Malarial,  394,  397,  400 
of  Crops,  Cattle  Poisoning  from,  805 
of  Manure,  Solutions  for,  197,  207 
Spreading  of  Horse  Manure,  196 
Spring  Waters,  96,  97,  98 
Classification,  97 
Collection,  107 
Protection,  107-8 
Storage,  108 
Springs,  Finding  of,  98 
Dip,  96 
Land,  96 
Sprue 

Bowel  Contents,  Post-mortem,  611 

Emaciation  in,  605 

Enteritis  in,  of  Large  Gut,  612 

Catarrhal,  of  Small  Intestine,  611-12 
Post-mortem  Indications,  605,  611,  612 
Stools  in,  252,  574 
Treatment  by  Vaccines,  646,  649-  50 
Sputum,  Assistance  in  Getting  Rid  of,  251 
B.  tuberculosis  in 

Sedimentation  of,  570 
Stain  Demonstrating,  527 
Clinical  Observations  on,  244,  251-2 
Disinfection 

Corrosive  Sublimate  Useless  for,  218 
Formalin  for,  218 
Disposal  of,  251 

Examination  ;  Methods  for,  569,  570 
Fatty  Acid  Crystals  in,  570 
in  Haemoptysis,  251 
Nurses’  Record,  251 
Organisms  from,  Carried  by  Flies,  432 
in  Pneumonic  Plague,  Isolation  from,  of 
B.  pestis,  597 

Specimens  ;  Preservation,  251 
Staining  Methods  for,  569-70 
of  Trench  Fever,  251 
Tuberculous,  Danger  from,  265 
Sputum-Cups,  25f,  265 
Squamata  :  Sub-Orders,  683 


Stains  and  Staining  Methods,  523  sqq. 

Stained  Preparations,  Colour  of,  Mode  of 
Retaining,  533 

Liquid  Paraffin  for  Mounting,  533 
Staining  Methods  for  Tissue  Sections, 
617  sqq. 

Stains  used  for 

Blood  Examination,  &c.,  536,  537, 
538,  539,  540,  546 
Cultures  from  Pathological  Fluids, 
565  sqq. 

Stand-Pipes,  Street,  for  Water  Distribution, 
109 

Standard  Agglutinin  Units,  549 

Agglutinable  Cultures,  Record  of  Results  of 
Use,  549 

Solutions  for  Culture  Media  ;  Preparation, 
503 

Tubes  of  Definite  Hydrogen-ion  Concentra¬ 
tion  :  Apparatus  and  Solutions 
Needed,  504-5 
Standardization  of 

Anti-Variolous  Vaccine  Emulsion,  621 
Culture  Media,  504  sqq. 

Pneumococcal  Vaccine,  641 
Vaccines,  643-6 

Staphylinid  Beetles,  Enemies  of  Fleas,  486 
Staphylococcal  Vaccines ;  Dosage,  622 
Preparation,  636-7 
Staphylococcus(i) 

Blood-Culture  Medium  for,  554 
Not  good  Antigens,  632 
Species 
pyogenes 

albus  in  Anti-Variolous  Vaccine  Emul¬ 
sion,  675 

Flies  Conveying,  430 
Skin  Lesions  due  tq,  591 
aureus,  in  Anti- Variolous  Vaccine 
Emulsion,  675 
Flies  Conveying,  429 
citreus,  Flies  Conveying,  429 
Starch  Granules  in  Stools,  575-6 

and  Opium,  Vehicle  for  Drug-Enemata,  256 
Poultices,  257 
Starvation 

Leucopenia  in,  542 
Polycythjemia  in,  539 

Stas-Otto  Method  for  Extraction  of  Vegetal 
Poisons,  799,  805,  807,  813,  815, 
816,  837,  844 

Steam  as  Disinfectant  and  Disinfestant,  111, 
214,  215,  216,  300  sqq.,  306,  308 
Saturated,  214 
Sterilization  by,  485,  501 
Steam-Blowing  into  Wells,  111 
Steam  Pressure  Apparatus,  Tests  for,  216 
Steel  as  Building  Material,  42,  56 
Stegomyia,  see  Aedes 
Stenoxenidse,  375 

Stenotaphrum  americanum  vel  secundatum ,  59 
Step  Wells,  Pollution  of,  103 
Sterility  of  Vaccines,  Testing  for,  622,  649 
Sterilization  of 

Culture  Media,  see  that  head,  passim 
Feather  Beds,  485 
Filters,  115 
Forceps,  252 
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Sterilization  of,  cont. 

Hospital  Appurtenances,  269 
Laboratory  Apparatus,  501 
Metal  Articles,  214 
Pottery,  214 
Vaccines,  621,  622 
Water 

Apparatus  for,  32 
Chemical  Agents  used,  31-2,  116 
Sterilizing  Tanks,  142 
Stethomyia  (Anophelini),  337,  345 
Stellar  Phosphates  in  Urine,  584 
Stevenson’s  Antivenene,  760 
Stibine,  833 
Stick  Insects,  273 
Stilobezzia ,  380 

Stingaree  or  Sting-ray,  Poisoned  Wounds 
made  by,  794,  797 
Stink  Bugs,  309 
Stink  Glands  of  Bugs,  310-11 
Stock,  see  Cattle 
Stock  Vaccines,  635 
Preparation,  636 
Stockings,  16 

Two  Pairs  of,  as  Anti-Fly  Measure,  30 
Stomach  Aspirator,  571 

Colour  in  Poisoning  Cases,  799,  804 
and  Contents  in  Poisoning  Cases  :  Collec¬ 
tion  and  Examination,  799,  801, 
803,  807 

Pump,  in  Emergency  Treatment  for  Poisons, 
269,  270 

for  Removal  of  Intestinal  Maggots,  446 
Washing-Out  of,  as  Emergency  Treatment 
for  Poisoning,  270 
Worms  ;  Fly-Spread,  431,  432 
Stomoxydinae,  450 

Proboscides,  450-1,  453 
Stomoxys,  450,  452,  453,  454 

Collection  and  Preservation,  490 
Nurseries,  35 
Proboscides,  450,  452 
Species 
calcitrans 

Attacking  Man,  448 
Bionomics,  456 
Breeding-Places,  456 
Salivary  Secretion,  450,  451 
Stone  in  Bladder,  &c.,  see  Calculi 
Stone  for  Building,  37,  38 
Stoney’s  Roofs,  42 
Stony  Regions,  Water  from,  94-5 
Stools,  Abnormal  Ingredients  in  ;  Investiga¬ 
tion,  573,  574  sqq. 

Clinical  Observations  on,  248,  252 
Colour,  573 
Consistence,  573-4 
Disinfection,  244,  252 

Examination  of,  Points  to  Report  on, 
573  sqq. 

Isolation  from,  of 
B.  dysenteric,  593 
V.  choleras,  594 
Nurses’  Report  on,  244,  252 
Odour  of,  574 

Parasites  and  Ova  in,  576,  577,  578,  587 
Reaction  of,  573,  574 


Stools,  cont . 

Quantity,  574 

Specimen-Taking  and  Preservation,  252, 573 
in  Sprue,  252,  574 

Stoppers  for  Water-Receptacles,  109 
Storage  Chambers,  Humidity  of,  88 
Storage  of 
Food,  86  sqq. 

Hospital  Stores,  268 
Sera,  625-6 
Vaccines,  646 

Water,  Domestic,  108,  see  also  Water 
Storage 

Storage  Reservoirs,  101 
Store  Boxes,  Entomological,  488 
Rooms 

Construction  and  Protection,  268 
Ventilation,  53 
Storm  Waters,  122 
Storm-Proof  Houses,  56 
Stouts  (flies),  410 
Straining  of 

Beef-Tea,  &c.,  246 
Milk,  247 
Sullage,  124-6 
Water,  112,  120 

Stratiomyia  chameleon,  Parasite  of,  432 
potamida,  Parasite  of,  432 
Straw  Stacks  as  Stomoxys  Breeding-Places,  456 
Streaming  Steam  for  Disinfestation,  215,  216 
Streams,  93,  95 

to  be  Impounded,  Calculation  of  Yield  from, 
101-2 

Streblidae,  Bat-Parasites,  473 
Streptococcal  Infections,  Sera  for,  623 
Vaccines  ;  Dosage,  622 
for  Sprue,  649-50 
Streptococcus(i) 

Broth  Culture  of,  for  Vaccines,  640,  641 
in  Brain,  614 

Castellani’s  Absorption  Test  for,  550-1 
in  Eye  Lesions,  569 
in  Skin  Lesions,  591 
Species  carried  by  Flies 
equinus,  430 
fxcalis,  430 
pyogenes,  430 
salivarius,  430 
in  Sputum,  570 

Suspected,  Blood  Cultures  for,  553 
in  Urine,  587 

in  Water,  Bacteriological  Examination  for, 
603 

Streptothrix  ;  Cultivation,  590 
Stridor  ;  Causes,  250 

Stroma  in  Bacteria,  Necessary  for  Immuniza¬ 
tion,  642,  643 
Stromateus,  73 
niger,  74 

Stroma-Toxin  Theory  of  Bacteria,  642 
Strong’s  Method  for  Estimation  of  Red  Cells 
and  Leucocytes,  541 
Strongyloides  Larvae  ;  Cultivation,  578 
Strophanthin,  Arrow-poison,  767,  772 
in  Poisoning  Cases,  846 
in  Sui  Needles,  815 
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Strophanthus,  Poison  from,  767,  772,  815,  846 
Species 

gratus,  767,  772 
hispidus,  767,  772 
kombe,  767,  772 

Strychnin,  in  Arrow-Poisons,  768,  769, 773,  776 
and  Brucin  (see  also  Brucin),  769,  788,  806, 
Tests,  851,  853 
in  Poisoning  Cases,  763,  788 
in  Sui  Needles,  815 

Separation,  and  Tests,  806,  815,  837,  840, 
851,  853,  854 

Distinguishing  from  Gelsemin,  853,  854 
Special,  851 
Treatment  for,  .784 
Treatment,  in  Poisoning  by 
Calabar  Bean,  787 
Carbolic  (Emergency),  270 
Chloral  and  Chloroform  (Emergency),  270 
Datura,  778 
Indian  Hemp,  776 
Superbin,  778 
Strychnine,  Wild,  785 
Strychnos ,  Poisons  from 

Arrow,  767,  768,  769,  773,  776 
Others 

Homicidal,  788,  798,  837 
Vermin- Killing,  788 
Species 

castelneana,  773 
co gens,  768,  773 
colubrina,  788 
crevauxiana,  773 
icaja,  773 

main gay i,  769,  773 
Nux  vomica,  788,  see  also  Nux  vomica 
potatorum,  used  for  Clarifying  Water,  116 
S.  Ignatii,  788,  see  also  St.  Ignatius 
Bean 

tieute,  768,  769,  770,  773 
toxifera,  768,  773 
Wallichiana,  769,  773 
Stygeromyia,  452,  453 
Breeding-Places,  456 
Species  :  woosnami,  454 
Subcaudal  Scales  of  Snakes,  688 
Subcultures,  Method  of  Making,  521 
Subcutaneous  Inoculation  of 
Animals,  534 
Anti-Tetanic  Serum,  627 
Test  for  Tuberculin  Diagnosis,  653 
Subendocardial  Haemorrhage,  associated  with 
Leucocythaemia,  613 
Sublimate,  see  Corrosive  Sublimate 
Sublimation  Test  for  Poisons,  799,  806 
Submental  Groove  in  Poisonous  Snakes,  685, 
688,  689 

Subsoil  Drainage,  Anti-Mosquito,  395,  396, 
404 

Irrigation,  127 

Substage  Condenser  for  Microscope,  497 
Subterranean  Chambers  for  Reception  of 
Human  Excreta,  130 
Larders,  88-9 
Rooms,  60 
Water,  93,  95,  96,  97 
Collection,  103  sqq. 

Deep,  96-7 


Subterranean,  coni. 

Water,  cont. 

Superficial,  96 
Water-Tanks,  101 
Succotash,  76 
Sucking  Lice,  see  Anoplura 
Sudamina,  in  Natives,  606 
Sudan  Lentils,  77 
Sudan  III,  Stain,  376 
Sudden  Death,  Rigor  Mortis  in,  605 
Sugar,  Sources,  23,  83,  84 
and  Tea,  248 
in  Tropical  Diet,  23 
Sugar  in 

Blood  in  the  Tropics ;  Amount,  4-5 
Pathological  Fluids,  Tests  for,  564 
Urine,  Tests  for,  581,  582 
Sugar  Bean,  77 
Sugar-Cane,  84 

Growing  on  Trenching  Grounds,  167 
Sugar-Corn,  76 
Sugar  Culture  Media  for 
B.  dysenteric,  593 

B.  typhosus,  and  Allied  Organisms,  592 
Gonococci,  587 
Meningococci,  596 
Pneumococci,  600 
Sugar-Free  Broth,  508 

Sugars,  Fermentative  Action  on,  of  Bacteria, 
Solution  for  Testing,  511 
Suggestion  in  Tropical  Therapeutics,  268 
Sui  or  Sutari  Poisoning,  764,  805,  806,  813,837 
Examination  of  the  Spikes,  799,  815,  837 
Suicidal  Poisoning  by 

Carbolic  Acid  ;  Tests,  820-1 
Opium  ;  Tests,  841 
Sullage 

Collection,  Removal,  Disposal,  63,  122  sqq. 
Methods  of  Treating,  124  sqq. 

Purification,  123  sqq. 

Sulphaqua  Bath  Charge,  for  Prickly  Heat,  34 
Sulphur  Fumigation,  Anti-Insect,  189,  194, 
195;  207,  317 
Dioxide,  808 

Fumigation  for  Disinfection,  &c.,  220, 
221  sqq. 

Sulphuric  Acid 

Dialysis  for  Extraction,  800 
Normal  Solution,  503 
in  Poison  Tests,  823,  824,  852,  853 
Pure,  Preparation  of,  837 
Sulphuretted  Hydrogen  Poisoning ;  Emer¬ 
gency  Treatment,  270 
Sun,  Exposure  to,  of  Carcasses,  438 
Protection  from,  of  Houses,  38 
Sunburn,  6 

Sun-Drving  of  Meat,  90 
Sun-Hats  for  Children,  263 
Sun  Heating  of  Water,  120 
Warming  of  Water,  101,  109 
Sunlight 

Direct,  Bactericidal  Action  of,  213 
Fatal  to  Flies’  Eggs,  196 
Flea-Destruction  by,  485 
Strong  ;  Physiological  Effects,  2 
Tropical,  Effects  on 
Europeans,  2,  3 
Natives,  3 
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Sun  Rays,  see  Solar  Rays,  above 
Sunstroke,  7 

Cold  Baths  and  Ice  Baths  in,  253 
Lungs  in,  613 
Meninges  in,  614 

Post-mortem  Indications,  605,  613,  614 
Rigor  Mortis  in,  605 
Sun  Umbrellas,  34 
Superbin,  778 

in  Poisoning  Cases,  Separation  and  Test, 
837,  844 
Suppositories 
Medicinal,  256 
Nutrient,  256 
Suppuration 

Polymorphonuclear  Leucoeytosis  indicat¬ 
ing,  543 

Suppurative  Conditions  ;  Treatment  by 
Vaccine,  635,  646 

Processes,  Indican  in  Urine  indicating,  582 
Suprarenal  Capsules 

Post-mortem  Examination,  608 
State  in 

Experimental  Klebs-Loffler  Infection, 
596 

Plague  Rats,  Naturally  Infected,  597 
Surais,  108 

Surface  Irrigation,  127 
Surface  Waters 

from  Cultivated  Land 
Classification,  97 
Ordinary,  93,  95 
Upland,  93,  94 
Classification,  97 
Collection  and  Storage,  101 
Surgical  Instruments 
Care  of,  269 
Nurses’,  240 

Prophylaxis,  Antitetanic,  627 
Surra  of  Horses,  Transmitted  by  Tabanids, 
412,  419 

Surucucu,  see  Lachesis  mutus 
Sus  scrofa,  Snake-killing,  761 
Suskar,  see  Vipera  russellii 
Suspensions,  Germicidal,  216 
Sutari,  see  Sui  Needles,  above 
Swabs,  Laboratory  Use  of,  501 
for  Membrane-Taking,  252 
of  Suspected  Diphtheria  Material  ;  Sources, 
Staining  and  Examination,  595 
Swamps  and  Marshes 

Avoidance  of,  for  House  Sites,  36,  37 
Drainage  Water  from,  94,  101 
Reclamation  bv 

Drainage,  101,  391,  392,  394,  400 
Filling,  395 
Hydraulic,  391 
with  Refuse,  184  sqq. 

Sward,  round  Houses,  Grasses  for,  59 
Swatting  of  Flies,  206 
Sweaters,  17,  20 

Sweating  ( see  also  Perspiration),  Profuse, 
Leucoeytosis  after,  542 
Sweeper  Class,  Indian,  Sanitary  Work  of,  152, 
165,  169 
Sweepers  for 

Latrine  Parks,  132 
Railway  Tracks,  142 


Sweet  Cassava,  80,  782 
Almond  Oil,  639 
Potatoes,  80 

Sweetmeats,  Aphrodisiac,  Poisoning  by,  801, 

805 

Sweets  and  Children’s  Teeth,  20 

Native,  Vehicles  for  Poison,  801.,  804,  805 
Swellings,  Local,  of  Tissues,  Diseases  with 
which  associated,  606 
Sword  Bean,  78 
Sycorax ,  366 
Synanceia  brachio ,  795 
verrucosa,  795 
Synodontis,  75 

Synovial  Fluids  ;  Examination,  567 
Synovitis,  Filarial,  567 
Syphilis,  35 

Cachexia  of,  Oligocythtemia  in,  539 
Causal  Organism,  see  Spironema  pallidum 
Eruption,  606 

Lymphocytosis,  relative,  in,  543 
Post-mortem  Indications,  606,  608,  610 
Subacute  and  Chronic  States,  Nursing  of, 
267 

Wassermann  Reaction  Specific  for,  554. 
560,  561,  567 

Cerebrospinal  ;  Tests,  559,  565,  567 

Congenital,  561 

Hepatic,  610 

Latent,  561 

Tertiary,  561 

Syphilitic  Affections,  Chronic  Hoarseness  in, 
250 

Conditions  of  Nervous  System,  Cerebro¬ 
spinal  Fluid  in,  565 

Granulomata  ;  Differential  Diagnosis,  590 
Rectal,  608 

Infection,  Indication  of,  in  Pathological 
Fluids,  564 

Lesions 

Diagnosis,  590 

Wassermann  Test  in,  590 
Orchitis,  608 

Syrphid  Larvae,  Aural  Myiasis  due  to,  441 
Syringes  for  Enemata,  241,  255 
Rubber,  Storage  of,  269 
Syrups  for  Aerated  Waters,  121 


T.A.B.  VACCINE  ;  Diseases  in  which  used, 
647 

Immunity  Produced  by,  636 
Preparation,  639,  640 
Reaction,  636 
Tabanidae,  273,  410 

Animals  Attacked  by,  418,  419 
Association  with  Disease,  412,  418 
Bionomics,  416 

Collection  and  Preservation,  490 
Eggs,  414 

Insects  Attacking,  418 
Haunts  and  Habitat,  416,  419,  490 

T  .orvop  /L'i  d 

Cannibalistic,  418,  490 
Life  History,  413  sqq. 

Natural  Enemies,  418 
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Tabanidae,  cont. 

Prophylaxis,  419 
Pupa,  415 

Rearing  in  Captivity,  418 
References,  419 

Seasonal  Occurrence,  418,  419,  490 
Site  of  Attack,  418 
Species  Important  to  Man,  212 
Tabaninae,  410 
Tabanus,  410,  412,  413 
Species 

biguttatus,  415,  418 
ditaeniatus,  413,  419 
glaucopsis,  419 
incert,  415 
kingi ,  415,  418 
nemoralis,  419 
nigritus,  419 
par ,  415 

striatus,  412,  415,  419 
tseniola ,  416,  417 

Tables  ;  Protection  against  Ants,  192 

Used  for  Food,  Non-Absorptive  Material 
for,  or  Covering  of,  89 
Tachinidae,  449 
Taenia,  88 

saginata,  Fly-Spread,  431 
T senior hynchus,  359 
Eggs, '333,  357 
Talaja,  280 

Talc  Toilet-Powder,  259 
Tamarinds,  245,  249 
Tampan,  276,  278 
Tanglefoot  Fly  Wires,  206-7 
Tanjore  Pill,  740 

Tank  Cart  for  Sullage  Collection,  127 
Tanks,  Laboratory  Water-Supply,  496 
Sterilizing,  Frank’s  Design,  142 
Water  Storage,  93,  101,  120 
Covers,  101,  120 
Fish  and  Plants  in,  Uses  of,  102 
Inspection,  35 
Pollution,  95,  98,  102 
Protection,  101,  102,  120 
Pump  filling,  106 
Underground,  101 
Wooden,  101,  120 
Tannias,  80 

Tannic  Acid,  as  Alkaloid  Precipitant,  848 
in  Staining  Methods,  525,  526,  528 
Tannin,  in  Tartar  Emetic  Poisoning,  270 
Unna’s  Orange,  for  Differentiating,  533 
Tantras,  728 
Tanypinae,  .375 
Tap  Water 

Collection  of  Sample  for  Analysis.  603 
Laboratory  Use,  496,  617 
Tapeworms,  Fly-Spread,  431,  432 

of  Dog  and  Cat,  Flea-Transmitted,  485 
in  Faeces,  575 
Tapioca,  80,  782] 

Tar  for  Cremation,  236 
Acids  in  Oiling,  399 
Compounds 

Anti-Termite,  192 
for  Waterproofing  Roofs,  42 
Oil,  197 


Tarantism,  272 
Tarantulas,  272 

Tararemu  in  Arrow-Poison,  768,  773 
Tari  massallah,  246 
Tarireng  in  Arrow-Poison,  768,  773 
Taro,  80 

Tartar,  Deposits  of,  on  Teeth,  19 
Tartar  Emetic,  Anti-Termite  Use,  193 
Ointment,  256 

Poisoning ;  Emergency  Treatment,  270 
Taste  of  Drugs  ;  Removal,  254 

Poison  Tests  bv,  806,  807,  813,  815,  816, 
820,  840,  843,  846,  849,  850,  851, 
853,  854 

Taurocholate  of  Soda  Solution,  for  Blood  Cul¬ 
ture  of  Enterica  Organisms,  553, 
592 

Taylor,  D.  E.  &  Co.,  Entomological  Pins 
made  by,  489 

Taylor’s  Technique  for  Castellani’s  Absorp¬ 
tion  Test,  550,  551 

Tea,  18,  26 

for  Invalids,  248 

Lactic  Acid  in,  in  Cholera  Countries,  32 
Tea-Plantations,  Water-Itch  in,  272 
Teague  and  Clark’s  Method  for  Isolation  of 
Trypanosomes,  599 

Clurman  and  Benians’  Method  for  Pre¬ 
servation  of  Suspected  Typhoid 
Faeces  for  Transmission  by  Post, 
577 

Teas,  of  Chicken,  &c.,  246 
Tedium,  as  Cause  of  Morbidity,  8 
Teeth,  Care  of,  19-20 
Decayed,  251 
Teething  of  Infants,  262 
Teff,  76 
Telebun,  76 
Telenomus,  418 
Temperature,  Atmospheric 

Day  and  Night  Variations  in  the  Tropics, 
60,  265 

Effects  on  Europeans,  2  sqq. 

Equable  ;  Physiological  Effects,  2 
Bodily,  Effect  on,  of 
Exercise,  2,  17, 

Tropical  Climates,  2  sqq. 

Normal,  249 

Nurses’  Record  and  Taking,  244, 245, 249 
Places  for  Taking,  249 
Rise  or  Fall ;  Causes  ;  249 
Temperatures  of  Animals,  Average  Rectal  534 
for  Baths,  19,  253 
for  Cold  Storage  of  Food«,  86,  87 
of  Fermenting  Manure  Fatal  to  House-Fly 
Larvae,  197 

Limits  of,  and  Optimum,  for  Growth  of 
Isolated  Organisms,  Ascertaining 
of,  534 

Low,  of  Underground  Larder,  how  secured, 
89 

Thermometrical,  Conversion  of,  502 
Tenesmus,  244 
Ten-hu,  78 

Tent,  as  Home  Hospital,  241 
Tent-Canvas 

Fireproofing  of,  30 
Waterproofing  of,  29 
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Tents 
Bell,  28 

Double-Roof  Ridge,  28 

Veranda  of,  Mosquito-Nets  for,  29 
Mess,  63 

Mosquito-Nets  for,  28-9 
Mosquito  Umbrella,  28 
Snake  Exclusion,  189-90 
Terai  Hats,  Double,  13 
Termites,  273 

Ravages  of,  and  Protection  against,  37,  40, 
53,  56,  189,  192,  268 
Tersesthes,  378 

Test  Breakfast,  before  Examination  of 
Gastric  Contents,  570 
Testicles  ;  Post-mortem  Examination,  608 
Tetanus,  626 

Antitoxin,  623,  624 

Anaphylaxis  rare  after,  633 
Methods  of  Administering,  627-8 
Causal  Organism,  see  Bacillus  tetani 
Diagnosis,  Bacteriological,  598 
Prophylaxis 

Anti-Tetanic  Serum,  624,  626,  627 
Vaccine,  633 
Surgical,  627 
Symptoms,  Early,  627 
Treatment 

Serotherapy,  623,  626  sqq. 

Dosage,  628 
Early,  Essential,  627 
Tetrodon,  791 

Poisonous  Species 
chrysops,  791 
hispidus,  791 
lunaris ,  791 
poicelonotus,  791 
sticonotus,  791 
vermicularis,  791 
Tetrodonic  Acid,  791 
Tetrodonin,  791 

Teuihis  cseruleus,  Poisonous  Wounds  made 
by,  794 

Texas  Rattle"  Snake,  see  Crotalus  scutulatus 
Thallassophis,  716 
Habitat,  692 
Species  :  anomalus,  716 
Thalassophryne  reticulata  ;  Poison  Apparatus, 
796 

Thatched  Roofs,  37,  40,  41,  60,  61,  62 
Theileria  parva,  Ticks  Conveying,  286,  288 
Theine,  in  Yerba  Mate,  86 
Thelohania  ovata  ;  Fly-Host,  431 
Theobaldia,  357,  359 
Characters,  358,  359 
Eggs,  333 
Hibernation,  339 
Pairing  Swarms,  338 
Pathogenicity,  343 
Species 

annulata,  339,  359  • 
longiareolata,  343 
Theobromine  in  Kola  Nuts,  86 
Therapeutic  Vaccines,  623,  635 
Diseases  in  which  Used,  646  sqq. 
Preparation,  636  sqq. 

Standardization,  643 
Storage,  646 


Thermantidote,  243 
Thermos  Flasks,  32 
as  Incubators,  496 
Thevetia  ahouai,  Poison  from,  785 

neriifolia  Poisoning,  802,  804,  805,  807, 
815,  837 
Symptoms,  786 

Seeds,  Examination  for,  799,  802,  804, 
805,  807,  815 
Thevetin,  785,  814 

Separable  by  Extraction  with  Alcohol,  837 
Tests  for,  799,  807,  814,  815,  840,  845'  846 
Thevetosin,  785 

Thighs,  Post-mortem  Examination  of,  608 
Tliimni  Fly,  Myiasis  due  to,  439 
Thiocyanates,  Distinction  from  Opium.  814 
in  Putrefied  Viscera,  820 
Thionin  Blue,  524,  527 
Thirst  in  Babies,  260 

Hot  Drinks  best  to  Quench,  26 
Ice  for,  257 

Kola  Nut  as  Alleviating,  86 
Nurses’  Record,  244 

Thoma  Zeiss  Method  for  Estimation  of 
Blood  Cells,  541 

Thomson’s  Complement  Fixation  Test  for 
Gonorrhoea,  561 

Human  Plasma  Glucose  Agar,  514 
Modification  of  Bass  and  John’s  Method  of 
Cultivating  the  Malaria  Parasite, 
520 

Plasma  Trypagar  Culture  Medium  for 
Gonococcus  Vaccines,  642 
Thorax,  Post-mortem  Examination  of,  612 
Thoracic  Duct,  Chylous  Fluids  from,  565 
Three-Day  Fever  ;  Insect  Vector,  373 
Thresh  Disinfector,  216,  300 
Thrombase  in  Venoms,  739,  742,  746.  747, 
748,  756,  758 
Throat  Swabs 

Carriage  of,  in  the  Tropics,  569 
Taking  of,  and  Culture -Making  from,  568-9 
Thrush  ;  Bacteriological  Examination,  568 
Thunderstorms,  Sleep-Preventing,  20 
Thur,  78 

Thymol,  in  Solutions,  505 
Disinfectant,  604 

Thymol-phthalein  as  Indicator,  503 
Tic  polonga,  see  Vipera  russellii 
Tick  Cases,  33 

Tick  Fever,  ( see  also  Relapsing  Fever),  191 
Paralysis,  in 
Men,  286 
Sheep,  284 

Ticks  (see  also  under  Names),  189,  272,  274 
Association  with  Disease,  61,  191,  277,  279, 
280,  284,  285,  286,  287,  288,  289, 
298,  309,  442 

Attacking  Man,  191,  274,  275,  276,  278, 

280,  281,  284,  285,  286,  288,  289 
Breeding-Places  ;  Flaming,  214 
Collection  and  Preservation,  493 
Identification,  289 

Insecticides,  277 

One-,  Two-  and  Three-Host  283,  285,  286, 
287 

Prophylaxis,  33,  34,  61,  191,  277,  278,  279, 

281 ,  286 
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Ticks,  cont. 

References,  290 

Tidal  Land,  Mosquito  Control  on,  390 
Tide  Gates,  391 
Tidwell’s  Antivenene,  760 
Tiger  Beetle,  470 

Mosquito,  see  Aedes  fasciata 
Snake,  see  Hoplocephalus  curtiis,  and 
Notechis  scutatus 

Til  Oil,  81 
Tilapia  nilotica ,  75 
Tiles  for 

Damp-Proof  Course,  40 
Flooring,  of  Cement,  47 
Roofs,  41 
Wall  Lining,  40 
Timboin,  773 

Timothy  Grass  Toxin  for  Hay  Fever  Vaccine, 
650 

Tin  in  Poisoning  Cases 

in  Precipitate  :  Tests,  827,  829,  831 
Tinea  fiava,  Common  in  Natives,  606 
Tinned  Foods,  90 
Inspection,  90 
Tests,  91 

Tins,  for  Packing  Insects,  489,  494 
Scavenging  of,  182,  185 
Tipuiids,  Packing  for  Transmission,  488 
Tissues 

Fly-Larvae  Burrowing  into,  and  Living  in, 
435,  436,  441 

Local  Swellings  of,  seen  Post-mortem, 
Diseases  with  which  Associated, 
606 

Pigments  in,  620 
Sections  for  Examination,  615 
Staining,  617  sqq. 

Venom  in,  Rate  of  Fixation  by  Antivenene. 
752 

Titration  Methods  in  Wassermann  Test,  of 
Complement,  556 
Haemolytic  Immune  Body,  555 
Toads,  Arrow-Poison  from,  767 
Tobacco,  Forbidden  on  March,  18 

Growing,  on  Trenching  Grounds,  167 

as  Larvicide,  399,  444 

Smoke 

Fly-Repellant,  195,  374 
in  Myiasis,  439 

as  Used  against  CEstrus  ovis ,  439 
Tobacco  Poisoning  ;  Indications,  848,  850 
Toddy,  85 
Palm,  85 
Sugar,  85 
Yeast,  246 
Tofu,  78 

Toilet  of  Patient,  243 
Nurses’  Record,  244 
Paper,  34,  149,  178 
Toisson’s  Diluting  Fluid,  541 
Toluidin  Blue  Stain  for  B.  diphtherias,  527, 
569,  595 
Tomato  Seeds,  813 
Tonga,  811 
Tongue  Worms,  272 

Tonics,  Respiratory  and  Cardiac  in  Gas 
Poisoning  Cases,  270 
Strychnin  in,  788 


Tonsillitis,  Hoarseness  in,  250 
Membrane-taking  in,  252 
Follicular  ;  Investigation,  568 
Tonsils,  Enlarged  ;  Mouth-Breathing  due 
to,  251 

Examination  of,  Indications  for,  264 
Tooth  Brushes,  19 
Cleaning  by 

Little  Children,  263 
Nurses  for  Invalids,  243,  244 
Pastes  or  Powders,  Antiseptic,  Alka¬ 
line,  20 

Stopping,  Rubber,  34 
Topfer’s  Acidity,  572 
Solution,  571,  572 
Topsi-mutchi,  75 

Torch  Burning,  against  Simuliidse,  195 
Torching  of  Flies,  207 
Tortilla,  76 
Tortoise  Tick,  287 
Toovar,  77 
Towe  Beans,  786 
Towel  Rail  for  Cook-House,  64 
Towels,  34,  257 
Disinfection,  235 

Toxalbumins  :  Extraction,  806,  815 
Toxaemias,  General,  Zenker’s  Degeneration 
in,  606 

Toxic  Elements  or  Substances  in  Venom,  738 
Chemical  Nature,  739 
Physiological  Nature,  745 
Toxic  Headaches  ;  Prevention,  34 
Toxicity  of  Horse  Serum,  625,  633,  634 
Toxicodendrum  capense,  772 
Toxicological  Action  of  Snake  Venoms 
728,  740 
Toxicology,  763  sqq. 

Chemical  Investigation  of  Medico-Legal 
Cases,  798  sqq. 
of  Venoms,  740  sqq. 

Toxins  and  Anaphylaxis,  33,  634 
in  Arrow-Poisons,  765,  766,  767-9 
Table,  772-3 
Endotoxins,  623,  624 
Exotoxins,  623 

in  Fish,  see  Vegetal  and  Fish  Poisoning 
of  Micro-Organisms,  623  sqq. 

B.  diphtherias ,  629 
B.  tetani,  626-7 
Pneumococci,  631 

in  Venom,  see  Toxic  Elements,  above 
Toxorhynchites,  356 
Trachinotus  carolinus,  73 
Trachinus  draco,  Poisoning  by,  796 
Trachoma,  Transmission  by  Flies  (suspect) 
431 

Trade  Purposes,  Water  Allowance  for,  per 
diem,  110 

Training  of  Indian  Midwives,  240,  268 
Wet  Nurses,  260 
Nurses,  239-40 

Trains,  Bug-Infested  ;  Treatment,  318 
Lavatory  Arrangements  on,  141 
Tramway,  Conservancy,  165,  184 
Transfusion  of  Blood,  654  sqq 
Transitional  Leucocytes,  540 
Transmission  of 

Entomological  Specimens,  489,  490 
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Transmission  of,  cont. 

Laboratory  Specimens,  569,  5TT,  615 
Water  Samples,  602 
Transport  of  Water,  109 
Transudates,  363 

Trapping  of  Insects,  194,  195,  19T,  199,  200 
209,  374,  401 

Trauma,  Leucopenia  after,  542 
Traumatic  Orchitis,  608 
Tree-Frog,  Poison  from,  769 
Tree-Holes :  Mosquito  Breeding-Places,  341 
Tree-Planting  on  Water-gathering  Grounds. 
101 

Tree  Snakes,  see  Boidae,  and  Dipsadinae 
Trematodes 

Post-mortem  Search  for.  in  Duodenum,  609 
Preservation  and  Staining,  578-9 
Trench  Fever 

^Etiology,  296 
Prophylaxis,  251,  308 
Sputum,  251 

Treatment  by  Serum  of  Convalescents, 

%  632 

Foot,  Tetanus  from,  627 
Latrines,  129,  132,  133,  134,  135,  138,  140, 
164 

Covers,  133,  134,  138,  140 
Spraying,  133 

Trenches  for  Sewage  Disposal,  167 
Trenching  to  Exclude 
Snakes,  189 
Ticks,  191 

Trenching  Grounds  for  Disposal  of  Excreta, 
166  sqq. 

Cultivation,  167 

Trial  by  Ordeal,  Poisonous  Plant  used,  787 
Triaioma  ( =  Conorhinus),  318,  319 
Pathogenicity,  309,  319 
Species 

infestans ,  322 
megista ,  309,  319 
neidemani,  322 
neotomse,  322 
Tubrofasciata,  320 
sanguisuga ,  321 
uhleri,  321 

Trichina,  in  Meat,  88 

Trichinae,  Encapsuled,  in  Abdominal  Muscles, 
606 

Trichinosis,  Eosinophilia  in,  543 
in  Pigs,  68 

Trichogaster,  Larvivorous,  341 
Trichomonas  in  Diarrhoea  Stool,  575 
intestinalis ;  Cultivation,  521 
Trichomyza  fusca,  Parasite  of,  432 
Trichonocardiases,  Prophylaxis,  15,  19 
Trichosanthes  anguina,  81 
Trichuris  trichiura  Eggs,  in  Flies,  431 
Trigger  Fishes,  792 
Trikresol,  217 
Triple  Phosphates  in 
Stools,  576 
Urine,  584 
Trismus  in 

Karabin  Poisoning,  784 
Tetanus,  627 

Trituration  Machine  for  Anti-Variolous  Vac¬ 
cine  Manufacture,  674 


Trombidiidae,  272 

Trombidium  akamushi ,  Japanese  River  Fever, 
Conveyed  by,  272 

Trommer’s  Test  for  Sugar  in  Pathological 
Fluids,  564 

Troops  on  Active  Service,  Anti-Malaria 
Prophylaxis  for,  407 
Marching,  Hygiene  for,  17,  18 
Sugar  for,  23 

Tropical  Eels,  Poison  from,  794 
Light,  see  under  Light 
Medicine,  Indigenous,  268 
Peoples 

Medical  Treatment,  268 
Nursing,  267 

Sanitation,  Minor,  35  sqq. 

Tropidechis,  Habitat,  692,  714 
Tropidonotus,  689 
Species 
piscator 

Poisonous  Saliva  of.  684 
Used  by  Charmers,  719 
Trough  Urinals  with  Sawdust,  152 
Trygon  pasiinaca,  797 
sephen,  797 
Trypagar,  510,  596 
Gordon’s,  510 
Thomson’s  Plasma,  842 
Trypanosoma 
in  Blood,  535,  536,  599 
in  Cerebrospinal  Fluid,  565,  599,  614 
Culture  Medium,  513 

Detection  and  Isolation  Methods,  535,  536, 
565,  599,  614 

Insect  Vectors,  see  Glossina,  and  Tabankhe 
Species 
brucei,  460 
cruzi,  607 

gambiense,  449,  460 
hippicum,  in  Flies,  430 
lewisi,  Flea-Transmitted,  485 
rhodesiense,  449,  460 
Staining  Methods,  533,  535,  594 
Trypanosome-Inoculated  Rats,  Source  of 
Blood  from,  for  Examination,  534 
Trypanosomiasis 

Blood  Conditions 
Leucopenia,  542 
Leucocytosis,  Mononuclear,  543 
Indications  of,  in  Cerebrospinal  Fluid, 
565,  614 

Wassermann  Reaction  in,  560 
of  Camels  and  Horses  possibly  Tabanid- 
Spread,  412,  419 
of  Rats,  Flea  Transmitting,  485 
South  American 

Insect  Vector,  309,  319 
Splenomegaly  of,  607 
Trypanosome  of,  607 
Trypetidae,  445 
Trypsin  Agar,  509,  638,  645 
Broth,  509 

for  Vaccine  Cultures,  641 
Trypsinized  Diluted  Blood  Agar  Culture 
Medium  for  Pfeiffer's  Bacillus, 
641,  642 
Tryptophan,  22 
Tsetse-Flies,  see  Glossina 
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Tuba  Root,  as  Larvicide,  399 
Tube  Wells,  Norton’s  Abyssinian,  98 
Tuberculin,  651 

Cuti-Reaction,  591,  652 
Diagnosis 

Subcutaneous  Test,  653 
Von  Pirquet’s  Test,  652 
Dilutions,  652 
Dosage,  652,  653 
Forms  commonly  Employed,  651 
Reactions,  591,  652,  653 
Treatment,  646,  652,  653 
Tuberculosis 

Abdominal,  Infantile,  264 
Ass’s  Milk  in,  248 
Auto-Inoculation,  266 
Cachexia  ;  Oligocythemia  in,  539 
Causal  Organism,  see  Bacillus  tubercu¬ 
losis 

Cervical  Gland  Enlargement,  606 
Diagnosis  ;  Tuberculin,  652,  653 
Diazo  Reaction  in,  583 
Emaciation,  605 
Exercise  and  Work  in,  266 
Goats  Immune  to,  24 
Indications,  in 

Pleural  Fluids,  564,  565 
Sputum,  251 

Infection  by  Sputum,  265 
Leucopenia,  542 
Lymphocytosis,  543 
in  Native  Servants,  35 
Nursing,  265,  266 

Post-mortem  Traces,  605,  607,  608,  609. 

611,  613,  614 
Prophylaxis,  265,  266 
Race  Incidence,  35,  62,  613 
Spread  by  Bed-Bugs  (not  proven),  317 
Sputum,  251,  256 
Subacute  and  Chronic  States,  267 
Treatment  by  Tuberculin,  646,  653 
Dosage,  652,  653 
Bovine,  Rare  in  Tropics,  70 
Fibroid,  of  Suprarenal  Capsules,  608 
Hepatic,  609 

Local ;  Tuberculin  Treatment,  653 
Miliary,  Spleen  in,  607 
Pulmonary,  62,  613 
Testicular,  608 

Tuberculous  Affections,  Chronic  Hoarseness 
in,  250 

Bones  and  Joints  ;  Tuberculin  Treatment, 
653 

Glands  in  Neck,  Tuberculin  Treatment, 
653 

Kidney,  608 

Lesions  ;  Diagnosis,  591 
Ulcers  in,  66 
Tubercular  Leprosy,  560 

Tubes,  Glass,  for  Entomological  Specimens, 
488 

Laboratory,  496,  504 
Tubing,  Rubber,  Laboratory  Uses,  501 
of  Anti-Variolous  Vaccine 
Dried,  681 
Emutsion,  676  sqq. 

Tubri  of  Snake  Charmers,  718 
Tubri-wallahs,  718,  726 


Tulip,  Wild,  784 
Tumbu  Fly,  444 

Tumour-like  Swellings  due  to  Dipterous 
Larvae,  588 

Tumour  Sections,  Stains  for,  617 
Tumours 

of  Bone,  Eosinophilia  present  with,  543 
Cerebral,  614 

Cytological  Study  of  Sections  for,  Thinness 
of,  617 

Doubtful  ;  Wassermann  Reaction,  561 
Polypoid,  of  Colon  and  Rectum  due  to 
Schistosoma  mansoni ,  612 
Seen  Post-mortem,  612,  614 
Specimens  of,  Sending  for  Diagnosis,  615 
Villous,  586 
Tumuku,  80 

Tunica  Vaginalis,  Chylous  Dropsy  of.  Fluid 
from  ;  Examination,  567 
Tiirck’s  Irritation  Cells,  540 
Turkish  Coffee,  Strong,  Sweetened ;  Good 
Stimulant,  26 

Turmeric,  Mistaken  for  Yellow  Arsenic,  807 
Root,  724 

Turpentine,  in  Poultices,  257 
Oil  of,  against  Ticks,  33,  34 
Turtle  and  Turtle  Eggs,  72 
Tussore  Silk,  15 
Two  Spotted  Corsair  Bug,  322 
Two-Storied  Houses  ;  Advantages,  39 
Tykhana,  60 
Typhlopidae 

Characters,  685,  688,  689 
Classification,  689 

Typhoid  Fever  (see  also  Enteric  Fevers,  and 
Enterica),  118 
Blood  Conditions 
Leucopenia,  542 
Lymphocytosis,  543 
Causal  Organism,  see  Bacillus  typhosus 
Diagnosis  Serological,  592 
Diazo  Reaction,  583 
Emaciation,  605 

Faeces,  Suspected  ;  Preservation  for  Trans¬ 
mission  by  Post,  577 
Insect  Vectors,  23,  432 
Liver  in,  609,  610 
Lungs  in,  613 

Post-mortem  Indications,  605,  606,  607, 
609,  610,  611,  613 
Prophylaxis 

Inoculation,  27,  647 
Re-inoculation,  647 
Vaccine,  635,  646 
Dosage,  622 
Rash,  606 
Spleen  in,  607 

Cultures  from,  607 
Stool-Colour,  573 
Treatment 

Protein- Shock  Therapy,  647-8 
Serotherapy 

Auto-Serum,  632 
Convalescent  Serum,  632 
Vaccine,  635,  637,  646,  647 
Ulcer,  Typical,  Bacteriological  Study,  611 
Urine  in,  583 

Zenker’s  Degeneration  of  Muscles  in,  606 
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Typhoid-Coli  Group  of  Organisms,  Castellani’s 
Absorption  Test  for,  550,  551 
Typhoid  Fly,  420 

Typhoid  Group,  Organisms  of,  in  Sections, 
Stain  for,  618 

Typhoid-Paratyphoid  Group  of  Infections 
Bacilli,  see  also  under  Names 
Catarrhal  Enteritis  due  to,  611 
Cultures,  609 

Media  for,  554,  576,  592 
Isolation  of,  592,  from 
Faeces,  576 
Ulcers,  611 

Post-mortem  Indications,  609,  61 1 
Serum  Agglutination,  593 
Typhoid  Vaccines 

Activity-Retention  of,  646 
Dose,  622 
Preparation,  637 
Reactions,  647 
Typhus  Fever 

^Etiology,  296,  298,  308 
Diagnosis,  Serological,  600 
Insect  Vectors,  Actual  and  Suspect,  296, 
298,  308,  317 

Leucocytosis,  Polymorphonuclear,  in,  543 
Louse  Excreta  in  relation  to,  296,  308 
Petechial  Haemorrhages  in,  605 
Post-mortem  Indications,  605,  606 
Prophylaxis,  299  sqq. 

Rash,  606 

Treatment  by  Serotherapy,  632 
Weil  Felix  Reaction,  547,  600 
Typing  of  Isolated  Organisms,  547 
Tyroglyphidae,  272,  275 
Tyroglyphus  siro,  272 
Ty rosin,  22 
in  Urine,  584 


UCIUNGA,  Arrow-Poison,  769,  772 
Ufutu,  81 

Uffelmann’s  Reagent,  571 
Uku,  74 

Ulcerating  Granuloma  of  the  Pudenda,  608 
Ulceration,  Ulcers 

of  Alimentary  Tract,  Treatment,  &c.,  of, 
266,  267 

Applications  over  ;  Renewal,  258 
Bacterial,  591 
Duodenal,  609 

of  Foot,  due  to  Dermatophilus  jjenelrans, 
588 

of  Ileum,  611 
Intestinal 

of  Bacillary  Dysentery,  612 
Bilharzial,  612 
of  Typhoid,  611 
of  Tuberculosis,  611 
Smear  Preparations  from.  611 
Stools  in,  573,  574 
Larvae  in,  436,  437 
Post-Vaccination,  680 
of  Rectum,  608 

Seen  Post-mortem,  608,  609,  611,  612 
of  Uterus,  608 
Yemen,  591 


Ultra-Violet  Light,  Action  of,  on 
Bacteria,  213 
Blood.  4 
Skin,  7 
Ulua,  73 

Umbilical  Dressings  for  New-Born  Babe,  259 
Umbilicus,  Screw-Worm  Fly  Attacking,  437 
Uncinariasis,  see  Ankylostomiasis 
Umbrella-Form  Mosquito  Tent,  28 
Umbrellas  ;  Colour  for  Lining,  12,  16 
Underground  Ventilated 

Apartments  in  the  Tropics,  60 
Larders,  88,  89 
Underwear,  14,  16 
Supply  Needed,  30-1 
Undulant  Fever 

Catarrhal  Enteritis  of,  69 
Causal  Organism,  72 
Cultures,  595 

Media  for,  553,  554 
Subcultures,  553 
Isolation,  &c.,  of,  595 
Diagnosis 

Bacteriological,  595 
Serological,  547,  595 
Disinfection,  212,  218 
Goats’  Milk  in  relation  to,  71 
Lymphocytosis,  543 
Post-mortem  Indications,  607,  611 
Prophylaxis  ;  Vaccine,  646 
Spleen  Cultures  from,  595,  607 
Stain  for,  595 
Splenomegaly,  607 
Treatment  by 
Serotherapy 

Auto-Serum  Method,  632 
Vaccine,  646 

United  States  of  America 
Army 

Lamp-black  as  used  by,  in  Latrines,  136 
Department  of  Agriculture 

Food  Inspection  Decision  on  Dyes 
Permissible  in  Food  Stuffs, 
121-2 

Treatments  Approved  by,  for  Killing 
Flies  in  Manure,  433 
Public  Health  Services 

Embalming  Preparation  and  Methods, 
237 

Solution  recommended  by,  for  Fly- 
Poisoning,  208 

Universal  Ant  Destroyer,  192 
Unna’s  Orange  Tannin  for  Differentiation  of 
Trypanosomes,  533 
Unpalatability  of  Water 
Boiled,  112 
Distilled,  111 
Warm,  101,  109 

Well,  containing  Algae,  95,  99.  Ill 
Upas  Arrow-Poisons 
Antiar,  773 
Radja,  773 
Tieute,  768,  773 
Upland  Surface  Water,  93,  94 
Uranot&nia,  333,  357,  359 
Urari,  Arrow-Poison,  768,  773 
Urates  in  Urine 
Ammonium,  584 
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Urates  in  Urine,  cont. 

Amorphous,  584 
•  of  Soda,  584 
Urd,  77 

Urechites  suberecta,  Poisons  from,  788..  844 
Urechitin,  789 
Urechitoxin,  789 
Extraction,  844 

Ureters,  Inflammation  of,  due  to  B.  coli 
Infection,  608 

Urethra  ;  Post-mortem  Examination,  608 
Urethritis,  Gonorrhoeal,  Posterior  ;  Examina¬ 
tion  and  Test,  587 
Uric  Acid,  22 
Calculi,  587 

Crystalline  and  other  Forms,  583-4 
Urinals,  Improvised,  152 
for  Invalids,  252 
Urinary  Calculi,  587 

Excretion,  Effect  on,  of  Climate,  3,  25, 
252-3 

Moist  Heat  to  Ease  Passage,  257 
Myiasis,  Flies  Causing,  446 
Urine,  122 

Abnormal  Constituents,  580  sqq. 

Tests 

Bacteriological,  £87 
Chemical,  580  sqq. 

Microscopic,  581 
Spectroscopic,  581,  582,  583 
Acid,  Deposits  in,  583-4 
Alkaline,  Deposits  in,  584 
Animal  Parasites  and  Ova  in,  587 
Bacillus  tuberculosis  in,  Staining  to  Demon¬ 
strate,  527 
Bacilluric,  149,  150 
Bacteriology,  587 

Collection  and  Dispo'sal  of  Large  Quantities, 

152,  f  53,  1 64 

for  Examination,  579,  587,  592 
Colour,  580 

Concentration,  in  Tropics,  3, 6,  24,  25,  252-3 

Consistence,  580,  582 

Deposits 

Organized,  584  sqq. 

Unorganized,  583-4 
Disinfection,  by  Formalin,  218 
Examination,  579  sqq. 
for  Gonococci,  587 
for  Microfilariae,  580 
Infected,  Dangers  from,  128,  149 
Isolation  from,  of 
B.  proteus  X19,  600 
B.  typhosus,  150,  592 
Micrococcus  melitensis,  595 
Pneumococci,  Precipitin  Reaction  for, 
602 

Leptospira  icterohaemorrhagve  in,  Staining 
to  Demonstrate,  528-9 

Normal 

Amount  passed  in  Hot  Climates,  3,  25, 

153,  252,  579 
Chlorides  in,  585 
Colour,  252,  580 
Odour,  580 
Reaction,  580 
Specific  Gravity,  580 

Nurse’s  Report,  244,  252-3 


Urine,  cont. 

Odour,  580,  583 
Ova  in,  587 

Preservation,  578 
Reaction,  580 

Separation  from  Faeces,  142,  147,  164, 
244,  252 

Shield  for  Latrines,  138 
Specific  Gravity,  580 
Tests  of,  for  Poisons,  799,  801,  822,  838 
for  Arsenic,  811 
Special,  832 

Urobilin  in  Urine,  580,  582 
Test,  582 
Uropeltidae 

Characters,  685,  688,  689 
Classification,  689 
Urticaceae 

Arrow-Poisons  from,  767,  769 
Poisonous  Species,  769,  773 
Urticaria,  Eosinophilia  in,  543 
LTrticarial  Symptoms  in  Medusae  Poisoning. 
797 

Urutii,  see  Lachesis  neuwieclii 
Uta,  Leishmania  Causing,  381 
Insect  Vectors,  381 
Utensils,  Cooking 
Cleaning,  90 

Examination  of,  and  of  Scrapings  from,  in 
Poisoning  Cases,  799,  802,  836 
Uterine  Fibroids,  608 
Uterus  ;  Post-mortem  Examination,  608 


VACCINATION,  Anti-Variolous,  27 
Abnormalities  following,  680 
of  Animals,  668  sqq. 

Depth  of  Incisions,  670 
of  Children,  263 
Marks  of,  Value  of,  680 
Methods 

Aseptic,  679 
Cutaneous,  680 
Subcutaneous,  680 
Records,  680 
Sites  for,  679,  680 
Vaccine  Animals 

Choice,  &c.,  666 
Vaccination,  668  sqq. 

Vaccine,  Anti-Variolous,  662 
Dried,  680 

Bacteriological  Examination,  681 
Issue,  681 
Preparation,  681 
Potency  Tests,  681 
Tubing,  681 

Emulsions,  Extraneous  Micro-Organisms 
in  ;  Removal,  675,  681 
Tubing,  676  sqq. 

Establishment  for  Making,  in  the  Tropics, 
662  sqq. 

Glycinerated 

Issue  of,  676,  679 
Potency  Tests,  675,  676 
Preparation,  673,  674 
Standard  Mixture,  674 
Storage,  Temperature  for,  675,  676,  679 
Glycerination,  675,  676,  681 
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Vaccine,  Anti-Variolous,  cont. 

Lanolinated.  682 
Seed,  682 

Virus,  and  Coal-Tar  Disinfectants,  217 
Vaccine  Therapy,  Non-Specific,  624 
Treatment  of  Bone  and  Joint  Diseases,  653 
Vaccines,  634,  635  sqq. 

Anti-Typhoid,  see  that  head 
Anti-Variolous,  see  Vaccine,  above 
Autogenous,  635,  636 

for  Bacterial  Skin  Lesions,  591 
Culture  Medium  useful  for  Preparation  of, 
514-15 

Diseases  in  which  Used,  646  sqq. 

Dosage,  622 

in  Treatment  of  Bacterial  Infections, 
651,  Table,  650 
Keeping  Qualities,  646 
Preparation,  621,  636 

Reaction  Caused  by,  636,  640,  647,  648, 
649,  650 

Obviation  of,  643 

Sensitized  ;  Preparation  and  Use,  622,  635, 
639,  649 

Standardization,  621,  641,  643,  644,  645 
Brown’s  Table,  644 
Storage,  646 

Vaccinia,  Generalized,  680 
Vacuoles  on  Blood  Films,  545,  546 
Vagabond’s  Disease,  298 
Vagina  ;  Post-mortem  Examination,  609 
Vaginal  Myiasis,  440,  588 
Temperature,  Normal,  249 
Vallisneria,  102 
Vampire  Bat,  189 
Van  Gieson’s  Stain,  618 
Vanilla  Itch,  272 
Vanillism,  272 

Varanus,  Host  of  G.  palpalis,  469 
Varicella,  Lymphocytosis  in,  543 
Vaselin,  18/256,  269 

Carbolized,  and  Medicated,  for  Eruptions 
of  Smallpox  and  Chicken-pox, 
266,  267 

Vaughan’s  Theory  of  the  Composition  of 
Bacteria,  642 

Vedder’s  Starch  Culture  Medium,  513-14 
Vegetable  Brains  (Ackee),  770 
Butter  (Avocado  Pear),  84 
Cells  in  Faeces,  575 

Diet  as  affecting  Blood  Alkalinity,  537 
Food  Stuffs,  76 

Growing  on  Trenching  Grounds,  167 
Oils,  78,  79,  81 

Organic  Matter  in  Water,  94,  95,  99,  101 
Vegetables,  80-1 

Cold  Storage  Temperatures  for,  87 
Contamination,  81 
Raw,  Risks  from,  81 
Vegetal  and  Fish  Poisoning,  763  sqq. 
References,  798 

Fragments,  Search  for  in  Poisoning  Cases, 
799,  813 

Irritant  Poisons,  799 
Analytical  Group,  800 
Extraction,  800,  837 

Parasites  of  Hair  and  Skin,  Investigation 
of,  588-90 


Vegetal,  cont. 

Poisons  (and  Poisoning),  763,  764,  798,  799, 
800,  837 

Examination,  Tests,  and  Systematic  Ana¬ 
lysis  for,  799,  802/807,  813,  814, 
815,  837 

Soft  Organs  of  Less  Value,  for,  than 
other  Material,  816 

Vegetarians,  Food  Stuffs  for,  Table  of,  265 
Invalid  Diet,  247 
Stools  of,  574,  576 

Vegetation,  Clearing  of,  in  relation  to 
Glossina,  471-2 
Mosquitoes,  393,  400,  404 
Veils,  30,  195,  401 

Veldt  Sores,  Noted  Post-mortem,  606 

Pyogenic  Organisms  from,  Investigation 
of,  591 

Velvet  Beans,  78 
Venereal  Disease,  8 
Venison,  68 

Venom  Gland  of  Snakes,  728  sqq. 

Venom  Prophylaxis,  761 
Venom  Therapy,  756  sqq. 

Physical,  758 
Serum,  760 

for  Special  Symptoms,  761 
Venom(s)  and  Antivenenes,  Reaction  of, 
Nature  of,  751,  753 
Absorption  Time  in  Rat,  736 
in  Arrow-Poison,  767,  769 
Arrow-Poisons  Acting  like,  770 
Chemical  Analysis,  738 
Study,  737 

Substances  Destructive  of,  739 
Digestive  Ferments  in,  725,  739,  741,  748 
Dried,  Yield  of  Various  Snakes,  730,  731 
Extraction,  722,  729 
Fixation  by  Antivenene,  Rate  of,  751 
in  Tissues,  Rate  of,  752 
Fresh,  Reaction  of,  737 
Immunization  Experiments,  741 
Injection,  731  sqq.,  757 

Amount  Injected  at  a  Bite,  734 
Local  Remedies,  739 
Minimum  Lethal  Dose,  742,  Table,  743 
for  Man,  743,  744,  Table,  745 
Nature  and  Toxicological  Action,  728  sqq. 
Physical  Characters  of  Different,  737 
Proteolytic  Action,  738,  739,  748,  749 
of  Proteroglypha,  690 
Secretion-Process,  729 

of  Snakes  usually  Classed  as  Non-Poisonous, 
683-4 

Sub-Lethal  Dose,  742,  Table,  743 
Sub-Minimal  Lethal  Dose,  736 
Symptoms  Produced  in  Man  and  other 
Animals,  741 
Thermal  Deathpoint,  737 
Toxic  Elements  in,  Chemical  Nature  of, 
739  et  sqq.,  passim 

Substances  in,  Physiological  Nature  of, 
745 

Toxicology  of,  740  sqq. 

Yield  ;  Factors  of,  730 
Dried,  of  Indian  Snakes 
Table,  730 
Writers  on,  731 
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Vent,  in  Poisonous  Snakes,  685 
Ventilation  of 

Anti-Variolous  Vaccine  Establishments, 
663,  666,  667 
Clothing,  11,  14,  15,  16 
Cook-Houses,  63 
Houses,  36  sqq.,  47,  53,  60,  62 
Latrine  Buildings,  149,  158 
Mosquito-Proof  Dwellings,  54,  56,  57 
Native  Dwellings,  61-2 
Prisons,  63 

Rooms,  Anti -Phlebotomus,  373 
Store-Rooms,  268 
Verandas,  45 

Ventilation-Openings,  Low  ;  Screening,  195 
Ventral  Scales  in  Snakes 
Non -Poisonous,  688 
Poisonous,  688,  689 
Ver  macaque,  441 
Ver  moyocuil,  441 
Verandas,  38,  45 

of  Anti-Variolous  Vaccine  Establishment, 
663 

Veratrin,  Tests  for,  851,  852 
Veratrum  Root,  851 
Vermiformia,  272 
Vermijelli,  195,  206 

Vermin  Associated  with  Human  Diseases,  189 
Definition,  189 

Exclusion  from  Houses,  Verandas,  &c.,  41, 
45,  59 

Haunts,  37,  39,  40,  41,  45,  59,  61 
Killers,  Strychnin  in,  788 
Prevention  and  Destruction  ( see  also  Dis¬ 
infestation),  189  sqq.,  214,  228, 
229,  788 
Veronal,  847 
Verruga  Peruviana 

Eruption  ;  Noted  Post-mortem,  606 
Insect  Vector,  673 

Vertebrates,  Blood-Sucking  Ectoparasites  of, 
473 

Vesical  Calculus,  608 
Vesicant  Poisons,  799,  800,  805 
in  Abortion  Cases,  805 
Tests,  806,  807,  837,  843,  844,  845 
Vesicle-Development  in  Vaccine  Animals, 
670,  671 

Light  as  Affecting,  666 
Vesicle-Quality  as  Determining  Choice  of  Vac¬ 
cine  Animal,  666 
Estimation  of,  672 

Vesicular  Material ;  Collection  from  Vaccine 
Animal,  671 ,  672 
Potency  Values,  672 
Vesiculation,  680 
Vespa  orientalis,  112,  143 
Vestigial  Limbs  in  Boidse  and  Ilysiidae,  685, 
689 

Vetches,  Poisonous,  782 
Vibrio  choleras 

Agents  Destructive  of,  213,  214 
Castellani’s  Absorption  Test  for,  550 
Culture  Media  for,  510,  512,  517,  594 
El  Tor,  Hajmolysis  produced  by,  595 
Endotoxin  of,  623 

Indol  and  Nitrite  Reactions  of,  522,  595 
Insects  Spreading,  128,  192,  429 


Vibrio  choleras,  cont. 

Isolation  Methods  for,  517,  594;  603 
Post-mortem,  595,  611 
Post-mortem  Search  for,  in  Bile,  609 
Stain  for,  594 

in  Waters,  32,  93,  112,  121,  219,  603 
Well-Pinking  against,  219 
Where  Found  Post-mortem,  595,  609,  611 
Vibrios  in  Arrow-Poisons  from  Earths,  767 
Cholera-like,  Castellani’s  Absorption  Test 
for,  550 

Paracholera  Group,  594 
Vigna  catiang,  78 

Villous  Tumours  of  Bladder,  Portions  of,  in 
Urine,  586 

Vincent’s  Angina  ;  Investigation,  568 
Vinchucka,  322 

Vinegar  for  Water  Sterilization,  31 
Washing,  to  loosen  Nits,  299 
and  Water  in  Poisoning  Cases,  269 
Vincetoxicum  gonocarpus,  772 
Violet  Stains  (see  also  Aniline  Gentian,  Car- 
bol  Gentian,  and  Methyl  Violet), 
524 

Violet-ultra-violet  Solar  Rays,  7 
Viper-Bite,  Immunity  to,  Supposed,  of  Certain 
Nations,  725 

Vipera,  Characters,  691  sqq.,  697 
African,  693,  704,  706 
European,  691,  693 
Method  of  Attack,  720,  721 ,  722,  732 
Species 

ammodytes,  694,  706 
aspis,  694,  746 
berus,  691,  698 
Venom,  740,  746 
M.L.D.,  743 
latastii,  694,  706 
lebetina,  698,  706,  725,  726 
raddii,  698 
renardi,  698 

russellii,  691,  698,  719,  720,  721 
Antiserum  ;  Concentration,  756 
Bite  ;  Amount  of  Venom  Injected,  734, 
755 

Death-Time,  745 

Lethality,  691,  697,  699,  727,  757 

Symptoms,  742 

Treatment 

Antivenene,  751,  752,  753 
Dose,  753,  755,  760,  761 
Gold  Chloride,  755 
Ligature,  753,  755 
Habitat,  691 

Mongoose  Declining  Fight  with,  727 
Night  Precautions  against,  761 
Venom,  737,  738,  752 
Dried,  Yield,  730 
M.L.D.,  742,  743 
Sub-Lethal  Dose,  742,  743 
Thermal  Death-Point,  738 
Toxic  Element,  745 
super ciliaris,  706 
ursinii,  691,  698 
Viperidse 

African,  691,  703 

American,  707 

Asiatic,  691,  693,  694,  697 


GENERAL  INDEX 


Viperidae.  cord. 

Bites  ( see  also  under  Viper  a  russellii } 
above).  Tissues  at,  756 
Characters,  685,  686,  689,  690,  697,  729,  733 
Classification,  684,  689,  690 
Habitat,  690,  693 
Indian  ;  Lethality,  691,  697 
Venom 

Dried,  Yield,  731 
M.L.D.,  743,  745 
Sub-Lethal  Dose,  742,  743 
Toxic  Substances  in,  740,  746  sqq. 

Venom  Gland,  733 
Viperin,  741 
Viperinae 

African,  690,  691,  703 
Asiatic,  691,  693,  697,  698 
Characters,  684,  690 
Classification,  604,  690 
European,  691,  693 
Habitat,  690,  693 
Viperine  Poisoning,  Chronic,  747 

Snakes,  Bites  of  ( see  also  under  Vipera 
russellii,  above),  732  sqq.,  756,  759 
Local  Remedies,  760 
Venom,  741,  746 

Chemical  Analysis,  738  - 
Nature,  739,'  740 
M.L.D.,  742 
Table,  743 

Proteolytic  Ferments  in,  748,  749 
Rate  of  Fixation  in  Tissues,  753 
Symptoms,  740,  741,  747,  756 
Thermal  Death-Point,  737,  738 
Toxic  Elements,  738,  741,  747,  749 
Vipers 

Green  Pit,  see  Lachesis  gramineus 
Horned,  see  Cerastes 
Pit,  see  Crotalinae 
Pitless,  see  Viperinae 
Used  by  Charmers,  720-1 
Water,  see  Ancistrodon  piscivorus 
Viscera  in  Poison  Cases,  Collection,  Preserva¬ 
tion,  and  Examination,  799,  800, 
801,  802,  804,  816,  818,  820,  821, 
822,  823,  837,  838,  839 
Receptacles,  801 
Vishas,  725 
Vishnu,  725 
Visits  to  Invalids 
Doctors’,  245 
Relatives’,  241,  245 
Nurse’s  Record,  245 

Vitali’s  Test  for  Mydriatic  Poisons,  851,  852, 
855 

Vitamine  Content  of  Coco-nut  Cake,  82 
Culture  Fluid,  512 

Fat-Soluble,  Fish  as  Possible  Source  of,  72 
Vitriol,  Oil  of,  for  Cleansing  Glass  Apparatus, 
801 

Poisoning  by ;  Emergency  Treatment,  269 
Voandzeia  subterranea,  79 
Voges  Proskauer  Reaction,  522,  534 
Volatile  Poisons 

Examination  and  Tests  for,  799,  800 
Systematic  Analysis  for,  799,  816,  818,  819 
Volkmann’s  Spoon  for  Collection  of  Vesicular 
Material,  672 


Vomit,  in  Poisoning  Cases,  Collection,  Ex¬ 
amination,  and  Tests,  799,  801, 
803,  807,  838 

after  Test  Meal,  Examination  of,  571,  572 
Vomiting,  244 

as  Emergency  Treatment  for  Poisoning,  270 
Vomiting  Siekness,  770 

von  Fleischl’s  Method  for  Estimation  of 
Haemoglobin,  536 

von  Pirquet’s  Tuberculin  Test,  652 


WABAYO  Arrow-Poison,  767,  772 

Wakarimo,  in  Arrow-Poison,  768,  773 

Walking,  Beginnings  of,  263 

Wall  Insect,  319 

Wall  Papers,  Avoidance  of,  53 

Walls 

Aerated  Water  Factories,  120 
Anti -Phlebotomus  Prophylaxis,  373,  374 
House,  37,  40,  56 
Colour,  53 
Double,  40 

Inner  Surfaces  ;  Treatment,  40,  53,  59 
61 

Outer  ;  Protection  from  Rain,  40 
Hut,  60-1 
Latrine,  149,  158 
Native  Prisons,  63 
Walterinnesia,  701,  703 
Habitat,  692,  701 
Species  :  asgyptia,  703 
Wandluis,  276 
Wanga  Plant,  811 

War,  the  late  ;  Sera  and  Vaccines  used,  624, 
626,  627,  628,  633,  635,  645,  646-7, 
648 

Transfusion  of  Blood,  during,  Indications 
for,  661 

Warble  Flies,  274,  441 

Washerfolk,  Native  ;  Dirty  Habits,  35 

Washing 

Clothes,  Sheets,  &c.,  35,  102,  123 
Precautions,  269 
Water  Supply,  110 
Domestic,  Water  Supply  for,  110 
of  Infants,  259,  260 
of  Patients,  243,  244 
Places  in  Rivers,  102 
Waters  Suitable  for,  97-8 
Disposal  of,  122  sqq. 

Washing  Soda,  as  Antidote  to  Certain 
Poisons,  269,  270 

Wasps,  273 

Parasitic  to  Glossina,  470-1 
Wassermann  Test,  554  sqq. 

Diseases  to  which  Applicable,  554,  560, 
567,  568,  590,  591 

Effect  on,  of  Antisyphilitic  Treatment 
561 

Reagents  Employed,  554 

Preparation  and  Titration,  554  sqq. 
Reporting  on,  559 
Specificity,  560 
Ice-Box  Method,  559  sqq. 

Waste  Waters,  Domestic,  110,  122,  see  also 
Sullage 

Watch,  Nurse’s,  241 
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Water(s),  92  sqq. 

Ablution  ;  Collection  and  Disposal,  123, 
153 

Aerated,  26,  32,  257 
Factories,  120  sqq. 

Alone  Never  to  be  used  on  Mucous  Sur¬ 
faces,  256 

Ample  Supply,  Essential  for  Infants  and 
Children,  24,  25,  109 

Bacteria  in,  Action  on,  of  Sunlight,  95  96, 
213 

Bacteriological  Analysis,  602-3 
Boiling  to  Sterilize,  112,  245 
Storage  after  Boiling,  112 
Clarification,  32,  34,  115,  116 
Classification,  97-8 
Collection  and  Storage,  100  sqq. 
Contamination  by  Flies,  428 
for  Crying  Infant,  260 
Daily  Supplies  for 
Animals,  110 
Man,  25,  109,  110 
Dangerous,  97 
Disinfection,  219,  220 
Distilled,  93,  97,  111,  523  sqq.,  547 
Distribution,  108  sqq. 

Drinking,  24,  25,  97,  108,  109, 110,  112,  219, 
220 

Essential  in  Mosquito  Breeding-Places,  340 
Geology  in  relation  to,  94,  96-7 
Heating  and  Warming  by  Sun-Heat,  101, 
109,  120 

Impotability  and  Unpalatability 

Causes,  95,  99,  101,  109,  111*112,  603 
in  Milk,  70,  260,  261 

Knappe’s  Detection  Test,  71 
Oxidation,  95,  96 
Ozonizing,  119 
Peaty,  101 

Plant  Substitutes,  93 

Plenty  of,  in  Poisoning  by  Silver  Salts,  270 
Potability,  in  relation  to  Bacterial  Content, 
603 

Potable,  97 

Presence  of  ;  Indications,  98 
Quantities  Required  per  Head  per  diem  fdr 
Animals,  110 
Man,  25,  109,  110 
Rain,  93,  97,  100,  110,  529 
River,  93,  95,  97,  98,  102,  103,  390,  404,  603 
Salt,  or  Brackish,  Mosquitoes  Breeding  in, 
341,  391,  409 

Samples  for  Analysis  Collection  and 
Transmission,  602 
Search  for,  98 
Self-Purification,  95 
in  Storage,  101 
Snow,  and  Ice,  93,  94 
Soft,  Clarification,  97-8 
Spring,  96,  97,  98,  107 
Storm,  122 
Sullage,  120  sqq. 

Subsoil  at  High  Level,  Conservancy 
Arrangements  in  relation  to,  140 
Subterranean,  93,  96 
Surface,  93,  94,  95,  97,  603 
Suspicious,  97 
Upland  Surface,  93,  94,  97 


Water(s),  cont. 

Vegetable  Life  in,  94,  95,  99,  101,  111 
Warm,  109 

Well,  93,  96,  97,  98,  110,  116 
Wholesome,  97 
Water-bearing  Strata,  97 
Water  Beetles,  Enemies  of  Mosquitoes,  341 
Water  Biscuits  made  of  Black  Gram,  77 
Water  Boatmen,  309,  311,  324 
Water-Borne  Infections,  see  Cholera,  Dysen¬ 
tery,  dec. 

Water  Bottles,  Felt-covered,  32 

in  which  Sod.  Sulph.,  Can,  and  Cannot  be 
used,  116 

Water  Bugs,  Enemies  of  Mosquitoes,  341 
Water  Carriage  of  Infection,  99 
Water  Closets,  58,  152 
Flooring,  53 
Mosquito-Proofing,  53 
Ventilation,  53 

Water  Allowance  p>er  diem,  110 
Water  Coolers,  31,  32 
Water  Equipment,  31 
Water  Flea,  271 

Water-Glass  for  Egg-preserving,  92 
Water  Itch,  272 
Water  Leeches,  190 
Water-Logging  of  Soil  by  Sullage,  123 
Water-Pipes,  109 

Disinfectants  for,  217 
Substitutes,  109 

Water-Pollution,  93,  98,  101  sqq.,  109 
Nature,  98 
Protection  from,  100 
Sources,  98 
Detection,  99 

Waterproof  Garments,  16,  30 
Stitched  Seams,  17,  30 
Sheets,  242 

Waterproofing  Mixtures  for 
Ordinary  Materials,  17 
Roofs,  42 
Tent  Canvas,  29 
Water-Purification,  110  sqq. 

Chemical,  32,  34,  111,  114,  115 
Domestic,  108 
Mechanical,  32,  111,  112 
Physical,  95,  96,  111,  118,  120 
Water-Receptacles  (see  also  Tanks),  31,  32, 
101  sqq.,  108,  109,  113  sqq. 
Inspection,  35 
Scavenging,  182 
Water  Scorpions,  309,  311,  324 
Water  Snakes,  see  Homalopsinae,  and  Hydro- 
phinse 

Water-Softening  Methods,  112,  116 
Water-Sterilization  Methods,  31,  32,  34,  116 
Water-Storage  (see  also  Reservoirs,  and 
Tanks),  97,  100,  115,  116 
Calculation  of  Amount  to  be  Provided 
for,  101 
Domestic,  108 
General,  100  sqq. 

Urban,  108 

Water-Straining,  32,  112,  190 
Water-Striders,  323 
Water-Supply 

Amount  of,  how  to  be  Judged,  98 
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Water-Supply,  cont. 

Domestic,  36 

Purification  at  Source,  110 
Sources,  93 

Water  Viper,  see  Ancistrodon  piscivorus 
Water  Wheels,  103,  106 
Watering  Places  for  Animals,  102 
Watering  Veranda  Floor,  for  Coolness,  54 
Wax-Secreting  Insects,  310 
Waxy  Disease  of  Liver  :  Post-mortem  In¬ 
dications,  609 
Weaning,  261,  262 

Weevil,  Inmmue  to  Hydrocyanic  Acid  Gas,  229 
Weight  of  Bodily  Organs,  see  under  Names  of 
Organs 

of  European  Infants  and  Children,  264 
Nurses’  Record,  264 

Weil  Felix  Reaction  for  Typhus,  547,  600 
Weil’s  Disease,  see  Jaundice,  Infectious 
Weir-Mitchell  Treatment,  Massage  during,  258 
Well-Boring,  Makeshift,  104 
Well-Waters,  93,  96,  97,  98 
Purification,  110  sqq. 

Wellman’s  Bug  ;  Bite,  323 
Wells 

Area  Drained  by,  106 
Artesian,  97,  99 

Chlorine  Content  ;  Variability,  98 
Collection  in,  of  Waters,  103  sqq. 

Covering,  106 
Deep,  97,  106 

Bored  and  Lined,  106 
Depth  to  Water  Level ;  Determination,  106 
Diameter,  in  relation  to  Depth  and  Yield, 
107 

Digging  of,  round  Tanks,  102 
Disused,  Insanitary  Native  use  of,  98 
Dug,  103,  104 
Lined,  104,  106 

Malaria  associated  with,  390,  405 
Norton’s  Abyssinian  Tube,  98 
Pinking,  111,  219 
Pit  Closets  in  relation  to,  129,  130 
Pollution,  98,  99,  103,  105 
Pot,  104 

Protection,  104  sqq. 

Pumps  for,  105,  106 
Shallow,  96,  106 

Bacterial  Count  permissible  for,  603 
Pinking,  111,  219 
Step,  103 

Yield,  how  Ascertained,  107 
Wells’  Heater,  214 

Wertheim’s  Culture  Medium,  for  Gonococcus, 
516 

West  Indies,  ‘  Poor  Whites  ’  of,  8-9 
Wet  Fixation  of  Films  of  Protozoa,  531 

Method  of  Separation  System  for  Excreta, 
165 

Nurses,  23,  260 
Indian,  240,  260 
Privies,  177 

Wheal  and  Chown’s  Method  of  Staining  for 
Clubs  of  Actinomyces,  529 

Wheat,  76 

Wheel,  or  Masked  Bug,  322 
Whey,  248 

Arrowroot  in,  249 


Whipworms,  Fly-Spread,  431,  432 
Whisky  and  Soda,  25 
White  Ants,  see  Termites 

Beans,  Phaseolus  sp.,  786,  787 
Clothing,  14 
of  Egg  ;  Uses,  248 
Gourd,  81 

Ink,  for  Writing  on  Glass,  500 
Light  ;  Bactericidal  Action,  213 
Lupine,  76 
Nightshade,  789 
Pumpkin,  81 

Races,  in  Tropics,  see  Racial  Acclimatiza¬ 
tion 

Rice  Fish,  75 
Whitewash,  as  Disinfectant,  219 

in  Emergency  Treatment  of  Poisoning,  269 
Whitewashing 
Roofs,  42 
Walls,  60,  219 
Anti-Fly,  206 
White  Wine  Whey,  249 

Whitmore’s  Lipo-Vaccines  ;  Preparation,  639 
Wholesome  Waters,  97 
Whooping-Cough,  250 

Lymphocytosis,  Absolute,  in,  543 
Vomiting  in,  251 
Wassermann  Reaction  in,  554 
Wiggin’s  Vermin  Killer,  Strychnin  in,  788 
Wild  Aconite,  778 

Animals,  Ticks  of,  which  attack  Man,  275, 
285 

Liquorice,  764 
Strychnine,  785 
Tulip,  784 

Willmore  Method  for  Isolation  of  B.  dysen¬ 
teric  from  Post-mortem  Material, 
594 

Wine,  25 

Wind-Spread  Filth,  182,  183,  184,  187 
Wind,  as  Mechanical  Disinfectant,  213 
Window-Shade,  Makeshift,  46 
Windows  of 

Anti-Variolous  Vaccine  Establishment,  663 
Houses,  38,  53 

Blue  Glass  (Anti-Fly)  for,  206 
Clerestory,  47 
Louvre,  53,  56 

Screening  and  Shading,  46,  53,  58,  663 
Size,  Number  and  Place,  47,  53,  663 
Protection,  39,  663 
Huts,  or  Native  Houses,  60,  62 
Winds  ;  Direction  in  relation  to  House-Sites, 
38,  38,  57 

Wintergreen  Oil  and  Castor  Oil  for  Estimation 
of  Specific  Gravity  of  Blood,  537 
in  Fly-Repellant,  206 
Wire-Gauze  for  Screening,  54,  57,  195 
Witte’s  Peptone,  510,  517 
Wohlfahrtia,  440 

magnified,  Myiases  due  to,  440 
Wolf  Snakes,  see  Lycodon 
Women 

European,  in  the  Tropics 

Breast-Feeding  of  Infants,  260 
Clothing,  16,  30 
Warm,  31 

Membranous  Enteritis  of,  574 
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Women,  European,  coni. 

Nervous  System  of,  as  affected  by 
Climate,  5,  10 
Need  for  Visits  Home,  10 
Siesta  for,  21 

Sun  Umbrellas  essential  for,  34 
Healthy,  Erythrocytes  in,  538 
Hindu  and  Mohammedan,  Medical  and 
Nursing  Attention  to,  26T-8 
Normal  Specific  Gravity  of  Blood,  537 
Urine  from,  for  Examination  :  Catheter- 
taken,  579 

Wood  ;  Anti-Termite  Treatment,  56,  192 
Disinfection  of,  217 
Wood  Oil  ;  Anti-Louse,  308 
Wooden  Buildings,  Unsuited  for  Housing 
Native  Servants,  59 
Floors,  47,  192 
Splints,  Care  of,  269 
Tanks  ;  Objections  to,  101,  120 
Woodlice,  271,  372 
Woods  for  Buildings,  37 

Native,  not  attacked  by  Termite,  192 
Woollen  Garment  for  Hindu  to  Eat  in,  265 
Goods,  Injured  by  Steam  Disinfection,  214, 
216 

Underwear,  14,  16 
Woorarii,  Arrow-Poison,  768,  773 
Work  and  Health  in  the  Tropics,  7,  8,  9,  10,  26 
Worm,  Marine,  Edible,  74 
Wormley’s  Test  for  Atropin  Group  of  Alka¬ 
loids,  852 

Worm-like  Snakes,  see  Glauconiidae,  and 
Typhlophidae 

Worms,  and  Enuresis,  263 

Parasitic,  Eggs  and  Larvae,  Conveyed  by 
Flies,  428,  431,  532 
Tongue,  272 
Woulfe’s  Bottle,  808 
Wounds, 

Anti-Tetanus  Serum  for,  627 
Contamination  by  Flies,  424,  426,  428,  433 
Exposed,  Larvae  in,  435,  436,  437,  438 
Inflicted  by  Fish,  Poisonous,  790 
Nurse’s  Report,  244 
Organisms  from,  Carried  by  Flies,  432 
Septic  ;  Treatment  by  Vaccine,  646 
Tincture  of  Iodine  for,  33,  34 
Wrench’s  Method  for  Detection  of  Ankylo- 
stome  Ova  in  Stools,  578 
Wright’s  Method  for 

Determining  Opsonic  Index,  552-3 
Estimating  Coagulation  Time  of  Blood,  537 
Standardization  of  Vaccines,  644 
Wringers  for  Fomentations,  257-8 
Writing  Inks  for  Use  on  Glass,  500 
Wyeomyia,  365 

Wurtz  and  Sappington’s  Method  for  Cultiva¬ 
tion  of  Organisms  from  Blood,  554 

X-BODIES  of  Horrocks  and  Howell,  546 
X19  Organism  Isolated  from  Typhus  Urine,  600 
Weil  Felix  Reaction  for,  600 
*  X-Ray  Work,  Baryta  Poisoning  in  ;  Emer¬ 
gency  Treatment,  270 
Xanthin,  22 
Xanthoxyleae,  768 


Xenodon  severus  ;  Bites,  683 
Xenopeltidae,  689 
Xenopsylla,  483 

cheopis,  481,  482,  485 
Xeroderma  pigmentosum,  7 
Xylol,  483,  498,  523  passim 

YAMS,  80 

Yards,  Anti-Fly  Measures  for,  433 
Yaws,  see  Frambcesia 
Yeast,  246 

Substitutes,  246 
Yeasts,  on  Tinned  Foods,  91 
Yeheb  or  Yebbe  Nuts,  82 
Yellow  Arsenic,  805,  807,  808 

Atrophy  Acute,  see  under  Atrophy 
Fever,  407 
Brain  in,  614 

Extravasation  of  Blood  in  Muscles  in,  605 
Haemorrhages  in,  573,  607 
Petechial,  605 
Icteroid  Pigmentation,  605 
Leucocytosis,  Mononuclear,  in,  543 
Liver  in,  610 
Melaena  in,  573,  611 

Post-mortem  Findings,  605,  607,  609, 
610,  611,  614 
Prophylaxis,  408 
Spread  to  Asia,  Menace  of,  408 
Stomach  Mucosa  in,  609 
Stool-Colour  in,  573 

Transmission  by  Aedes  fasciata,  342,  343, 
362,  407 

Yellow  Fever  Mosquito,  362 

Oleander,  see  Thevetia  neriifolia 
Poison  from,  see  Thevetin 
Yellow-Tail,  73 
Californian,  73  n. 

Yemen  Ulcer ;  Microscopical  Diagnosis,  591 
Yerba  Mat4,  86 

Yolk  of  Egg  in  Invalid  Diet,  248 
Yuca  Dulce,  80 

ZAMENIS,  689 
Bite,  757 
Species 

diadema,  757 

mucosus.  Poisonous  Saliva,  684 
Used  by  Charmers,  719,  721 
Zawa  Oil,  81 
Zea  mays,  76 
Zeers,  113 

Zenker’s  Degeneration,  606 
Fluid,  as  Fixative,  602,  616 
Zibla,  Preparation  of,  211 
Ziehl-Neelsen  Carbol  Fuchsin  Stain,  526,  529, 
533,  591 
Modification,  527 
Zinc  in  Marsh  Test,  833  sqq. 
in  Poisoning  Cases 

Sublimation  Test,  806 
Systematic  Analysis  for,  822,  827 
Sulphate  Emetic  in 

Phosphorus  Poisoning,  270 
Superbin  Poisoning,  778 
for  Tanks,  100 
Zymine,  249 
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